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SURMSARY 

The growth rate of Fentaerythritol crystals in aqueous solution 

has been measured over the temperatures range 30 to 75°C by following 

the decrease in solution concentration of stirred crystal suspensions 

by refractometry. Measurements have also been made of the crystal 

mass increase in a fluidised bed for comparison at low relative erystal/ 

solution velocities. 

Tyo methods of crystal size analysis have been used + the Coulter 

Counter method and the image shear microscope method. The Coulter 

Counter theory has been corrected to allow for crystal shape and size, 

and the seed size distributions determined allowed for in the computation 

of crystal growth rates. 

Commercial material containing two major impurities Di-P.E. and a 

Formal, exhibited an unusual transient overlap effect in the equilibriun 

solubility determination. The solubility approached from dissolution 

first obteined a peak enhanced concentration before attaining 

equilibrium. The equilibrium relationship for purified material was 

found to be represented by + 

10840 x = 4,980 ~ fs 

where x = % mass fraction and Tis in ME. 

Growth rates (g), which ranged from about 10 en/min to 1079 

om/min were correlated with supersaturation (s) by the equation 

g = Ks” . It was found that b varied with the amount of impurity and 

temperature but had an average value of cae 2. Values of ky, increased 

with temperature and the activation energy for commercial material was



found to be about 30 kcal/gmol. It was concluded that surface 

integration was the rate controlling process. 

Heterogeneous particles were found to enhance growth rates but 

the absence of particles >0.45 micron resulted in brittle crystals. 

Although it was found that purification from Formal also enhanced the 

growth rate, the rate was very sensitive to traces ( <0.lppa level) 

of an unidentified third impurity which could not be easily removed.
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SECTION ONE 

INTRODUCTION 

Pentaery thritol, ¢(CH,OH), ,(veferred to hereafter as P.E. for cen- 

venience) is a polyhydrio alcohol produced as a white orystalline com- 

pound by the reaction of acetaldehyde and formaldehyde in the presenoe 

of an @lkaline condensing agent. Fixst discovered in 1882 it was not 

manuf@otured on a commercial scale until the early 1930's when it was 

vsed for the production of the explosive PETN (pentaerythritol tetra- 

nitrate), It was used extensively fo: this purpose during World War IT, 

but its use has since grown rapidly in the manufacture of resins for 

surface coatings. 

Side reactions often occur in the manufacture of P.E. yielding a 

product containing up to about 2% of the ether, Di-Pentaerythritol, and 

about 4% of an unidentified complex formal derivative, labelled the 

‘Formal! hereafter, These impurities are acceptable for the present 

| market requirements, but are suspeot in causing crystallisation difficult- 

ies during manufacture. During the final production stages the P.H. 

process solution is cooled in a batch orystalliser and this results in a 

P.E. product consisting of agglomerates of a few large crystals and a 

large number of small ones. The amount of this fine material is such 

(18 mass %<350 mesh) that it is very "dusty" and unpleasant to handle. 

The object of the present study was to obtain the data necessary for the 

design of a crystalliser capable of producing a dust free uniform sized 

product. 

The usual procedure for the study of a orystallisation process is
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to study the pure analar material, occasionally with the effeots of 

known additions of impurities. The nature of this project is such that 

it necessitates a reverse approach. 

A number of batches of P.E. were obtained containing varying amounts 

of the impurities ¢i-P.E. and Formal. In the earier work (1) on P.E. 

orystallisation it was suggested that the 'formal' inhibited crystal 

growth below about 67°C. However no account was taken of the di-P.E. 

impurity, and it was realised that many parameters would have to be 

investigated before an understanding of the process to the extent of the 

evaluation of design criteria could be achieved.
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SECTION TWO 

SURVEY OF LITERATURE ON CRYSTALLISATION 

2.1. Solubility 

The first requirement for the study of any crystallisation 

process is a knowledge of the phase equilibrium diagram. A typical 

example of the type of diagram obtained for the system pure solute 

dissolved in pure solvent is shown by the dine IBDG, called the 

"solubility" curve, in Figure2.-l, This curve defines the mass of 

solute which is in equilibrium with a given mass of solvent at various 

temperatures}; the solvent is then said to be saturated with respect 

to the solute. For systems of more than one solute each must be 

studied individually. 

A solution which contains more dissolved solute than that 

represented by the saturation composition is termed "supersaturated". 

Ostwald (2) seems to have been the first to introduce the terms 

"Tabile" and "Metastable" zones which refer to the supersaturated 

solutions in which homogeneous nucleation may, and may not occur 

respectively. 

Miers (3) did considerable research on this subject by 

studying the refractive index of solutions. Although he realised that 

factors such as the rate of cooling had an effect on the limits of 

supersaturation, he pelieved that supersolubility was a real property 

of solutions and melts under ordinary conditions. The supersolubility 

curve is shown in Figure 2:lby the broken line KCEP.
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For the purpose of illustration Figure2.lis considered as a 

"conserved property diagram" to a first approximation so that straight 

lines and the "lever-rule" may be used to show the effect of mixing 

solutions. This strictly requires that temperature is proportional 

to enthalpy per unit mass of mixture, and that the units of 

concentration are mass fraction (Spalding (4)). 

If a solution in state A is cooled it remains undersaturated 

until temperature B is reached on the solubility curve. If further 

cooled it becomes supersaturated until temperature C on the super- 

solubility curve is reached; any further attempted cooling will 

produce spontaneous nucleation. ‘The region between the solubility 

and supersolubility curves is the metastable supersaturated solution in 

which crystals (if present) are able to grow, but homogeneous 

nucleation does not normally occur. It is possible to produce 

supersaturation not only by cooling but also by evaporation or 

sometimes by the addition of another solute soluble in the solvent. 

The concentration then follows line ADE, Figure2.1l. The 

supersaturation curve is affected by many variables and is now 

considered to be a region of supersaturation rather than a definite 

curve, which is roughly parallel to the solubility curve. 

Systems with appreciable increase of solubility with 

temperature are often crystallised industrially by means of a continuous 

cooling crystalliser. Two methods of adding the concentrated feed to 

a continuous cooling crystalliser are shown in Figure 2.,l. where the 

solution conditions entering and leaving the crystalliser bed are 

represented by points M and N respectively. The conventional method
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is the feed addition to the mother liquor leaving the bed (point N) 

before entering the cooler (dashed line IM). Alternatively the feed may 

be added after the mother liquor has been cooled (point J) prior to the 

mixture entering the bed (point M). This latter method gives the 

shortest residence time for what is probably the highest supersaturation. 

For the successful control of a continuous industrial crystalliser 

additional equipment is also needed for the removal (and redissolving) 

of fines generated in the system. 

The phenomenon of supersolubility can be explained by the 

enhanced solubility of fine particles. Ostwald (2) found that if a 

solute was finely ground before dissolving in water, a solubility 

greater than the normal solubility was obtainable. He derived the 

equation which was later corrected by Freundlich (5) to the Ostwald- 

Freundlich equation: 

fn c.. ss 20 Vm @n000e000 Lek 

Con eee 

where .. and C,, are the solubilities of the spherical particles of 

radius r and oo respectively, o is the surface energy of the solid 

particle in contact with the solution, - is the molar volume of solute, 

T is the absolute temperature and R' is the gas constant. In the 

derivation of this equation it was assumed that the particles were 

spherical, the dissolved solid obeyed the gas laws, and that g~and ‘. 

were independent of particle size. A number of workers have 

postulated corrections to the Ostwald-Freundlich equation; 

€egs consideration of the energy contributions of edges and corners to
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the total surface anergy; allowance for the degree of dissociation or 

ionisation of the dissolved solid; and the variation of surface energy 

with particle size. However the equations deduced all postulated a 

continual increase in solubility with reduction in particle size. 

Knapp (6) showed that, if the opposing effect of the electric 

charge on the surface tension of a particle was considered, the 
ee 

  

particles being assumed to be isolated charged spheres and their charge 

independent of size, then the Ostwald-Freundlich equation was modified 

  

to:- 

t, or = Vin 207 ” ae 22009000 Cele 

i 23 8 her yst 

where q is the particle charge and W the dielectric constant of the 

medium in which they are dispersed. From 2.2 the solubility can be 

shown to have a maximum when 
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where r* is the critical radius for maximum solubility ™
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However according to Helmholtz's theory there arises at the 

interface of disperse particles and the dispersion medium an electrical 

"double-layer". If then each particle is regarded as a double layer 

    

    

  

condenser, its electrical energy is given by qa 

2w r (r+d) 

where q is the electrical charge on each layer and d is the distance 

between the layers. If d is negligible compared with r this reduces 

to ana . The Ostwald-Freundlich equation then becomes:~ 

2M“ r° 

C Vv 2 Pr d 
£5 z = m oe eeeeoe 24 

%o RI oP yr? 

and the solubility is then a maximum when:- 

oe uke 
r* = IY a eo00ese00 ee 

8 IT wo 

Dundon (7) found appreciable increases in the solubilities 

of wee to Pa? diameter particles of Pols, AgCr On» POF 5. 

SrSO), BaSO), Cals, and he found that the solubility rose toa 

maximum on decreasing the particle size further. Ra@l.er (8) studied 

the solubility of gypsum and found that the solubility rate was 

proportional to the specific area at sizes above 2D fs that between 

af and eis the solubility rate increased more rapidly than the 

surface exposed and that below 200 the solubility rate began to 

decrease again.



2e2- Nucleation. 

Crystallisation is a two step process involving first 

nucleation and then the growth of the nucleus to macro size. mucheatibe 

involves the activation of smaller unstable particles called embryos. 

An embryo formed in the metastable region is very small and will 

dissolve on account of the increased solution potential. As the 

degree of supersaturation is increased the size of the embryo which 

can be tolerated by the solution decreases to a critical size where the 

embryo becomes a nucleus possessing sufficient excess surface nnergy 

to form a new phase and growth begins. 

Two types of nucleation are apparent, Primary nucleation and 

Secondary nucleation. Most Primary nucleation processes occur 

heterogeneously as it is extremely difficult if not impossible to avoid 

extraneous nuclei. Van Hook and Frulla (9) found that by carefully. 

preparing samples of 1 to 5 om? of sucrose solution the metastable 

limit was raised to a supersaturation of about s = 0.6, where 

8 =C- Cop at ordinary temperatures as compared with the previously 

Sgn 

accepted limit of 0.2. ‘The samples had to be prepared by careful 

dissolution followed by deactivation of latent nuclei by heating at 

temperatures at least 20°C above saturation, and sealing in closed 

tubes. They also averaged the observations of at least 50 droplets 

of solution and found that nucleation rate decreased to a limiting 

value of about one half the rate observed in the carefully prepared 

larger samples in the sealed tubes. These results seem to imply that 

this phenomenon is due to the diminished probability of smaller
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samples containing foreign nuclei, indicating that heterogeneous 

nucleation probably occurs in most practical cases. The primary 

nuclei then grow in the supersaturated solution. 

The growth of the primary nuclei in the supersaturated 

solution may be accompanied by the formation of fresh nuclei which is 

then termed secondary nucleation. This phenomenon of secondary 

nucleation has also occasionally been observed during the growth 

process of seeded supersaturated solutions, at a supersaturation below 

that required for primary nucleation. 

2.2.1. Primary Nucleation. 

2e2elel. Homogeneous Nucleation. 

When nucleation occurs the transition from the metastable 

phase to the stable phase represents a decrease in the degree of 

molecular mobility, a decrease in the free energy of the system and so 

demands expenditure of energy to create the stable phase. The total 

quantity of work required to form the stable nucleus is the sum of the 

work required to form the surface and the work required to form the 

pulk of the particle. 

Gibbs (10) was the first to show that the work of formation 

of a droplet from its vapour equals one third of that required to form 

the surface of the droplet. He showed that the total work required 

to form a droplet from its vapour, Me Bor iM: A P where o 
p 

is the surface energy per unit area of a droplet of radius r



i ae : 

  

hee surface area of the droplet = 4 Tf r 

v. = droplet volume = h tr r? 
: z 

AP = Pressure difference in the droplet = 2 o- 
r 

° 2 
ee Ww = kItr , 26 @evea0ese 2.6 

3 

Similarly, for the homogeneous nucleation of a small particle 

from a solution, the excess free energy AAG between the particle and 

the solute in solution is equal to the sum of the surface excess free 

energy AG, i.e. the excess free energy between the surface of the 

particle and the bulk of the particle, and the volume excess free 

energy « if AG, is defined as the excess free energy per unit 

volume between a very large particle and the solute in solution, 

then, Ac *: MG, - v, 4A, 

and for the spherical particle, 

Oa a) thee = bor 7 OG onco snd oe? 
3 

The maximum value of /\G, designated AMG", occurs at a 

critical size r” (i.e. a critical number of molecules in the embryo) 

‘and represents the free energy of formation of the critical nucleus. 

  

From equation 2.7, when afig = 0O 
dr 

* 
er * 2s eoee2ne00000 2.8 

AAG
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This derivation assumes a spherical nucleus and consequently 

an isotropic & . Cormia et al (11) have modified this assuming a 

cylindrical nucleus with different surface energies for the side and 

end. A spherical nucleus appears more reasonable in most cases, 

however, and for this the Ostwald-Freundlich equation (2.1) relates the 

supersaturation expressed as O% to the radius by: 
  

  

Ce 

An es <a 

Ceo Rite 

and so for the critical nucleus: 

* 
7 2 —_ i. 09000098008 209 

R| tT Un Sr \ 

Sp 

and the free energy of formation of the critical nucleus becomes: 

Ae oe wre 7 We Ope 2.10 

3 (a')" r ( e& ) : 

Kinetically the formation of nuclei can be assumed to be a 

  

series of bimolecular reactions of the form 

  === critical nucleus.



The rate of nucleation, j, i.e. the number of nuclei formed 

per unit time per unit volume may, since it is due to a random process, 

be expressed in terms of an Arrhenius type velocity equation: 

be Rat 

where C is a constant of proportionality. 

  

Therefore for spherical nuclei: 

  

Fee? 

j = C exp “16 Tio” V, iene es 
ST aS 

3(r') r G c. 

Cys 

Becker and Doering (12) proposed an equation of the form of 

Equation 2.11 with an analysis of the frequency factor or 

pre-exponential term C. They assumed that embryos of all sizes up 

to critical size achieve a non-equilibrium steady-state distribution 

by growth and decay processes, and introduced a non-equilibrium factor 

into the term C to allow for the backflux and decrease in embryo 

population caused by the growth of nuclei. This theory has been 

summarised by Van Hook (13). 

Becker (14) proposed the nucleation rate equation: 

- AG, AG" 

ie 
Where K, is the Boltzmann constant and A G, is the free 

j 0G €xp e0eo8 fap 

energy of activation of diffusion. The alternative equations for the 

nucleation rate have been reviewed (13) (15) (16), but are generally



- 14 «= 

of the form of equation 2.11, AG, being assumed constant over a 

limited temperature range. 

2.2.1.2. Heterogeneous Nucleation. 

The presence of a solid impurity in a supersaturated solution 

can act as a catalyst for nucleation and it has been shown that 

homogeneous nucleation is very difficult if not impossible to produce 

in practice. However, not all impurities in a particular system will 

act as accelerators and it is in fact possible for some to act as 

nucleation inhibitors. 

The free energy of formation of the critical nucleus for 

heterogeneous nucleation Ac* is related to the free energy of 

formation of the critical nucleus for homogeneous nucleation AG” by: 

Ag: “ io 

where p is a fastor less than unity. 

Volmer (17) has related P to ef (the angle of contact 

between the crystalline deposit and the foreign solid surface) which 

is analogous to the angle of wetting in liquid~solid systems: 

p = (> + cos od) ‘6 cme dence Cold 

t 

' 
1 and Ac* is the same as for homogeneous When & = 180°, 

nucleation. 

When o& = 0°, P 

When o¢ lies between O° and 180° ne! Z.AG* and so the impurity 

0 and A\q*! = 0 and nucleation is spontaneous. 

acts as a nucleation accelerator. 

Preckshot and Brown (18) have studied the effect of
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erystallographically similar, but insoluble, ionic crystals in 

nucleating quiet supersaturated solutions of potassium chloride. The 

time required for nucleation for various fixed degrees of 

supersaturation were measured conductometrically. They found that for 

the same time necessary for nucleation, lead sulphide promoted 

nucleation at a lower degree of supersaturation than an unseeded 

solution; lead telluride required even less supersaturation; and lead 

selenide was the most effective. | 

Telkes (19), working on the nucleation of supersaturated 

inorganic salt solutions, has contributed data to strengthen the theory 

that an additive will accelerate nucleation only if its orystallographic 

structure and that of the salt to be crystallised agree to within 15%. 

2.2.1.3. Induced Nucleation. 

Nucleation can be induced in supersaturated solutions free of 

extraneous material, below the supersaturation necessary for homogeneous 

nucleation. Tais can be done by the effects of external influences 

such as electric and magnetic fields, ultra-violet light, X-rays, sonic’ 

and ultrasonic radiation, cavitations produced by stirring and even the 

mechanical impact of a stirrer with the vessel walls. Of these 

ultrasonic radiation seems to be the most effective nucleator. 

Ultrasonics, when applied to liquids, cause cavitations in the 

liquid alternately producing areas of high and low pressure. ‘The 

frequency and power of the ultrasonic waves have to be carefully 

controlled for a particular process, as while the low pressure areas 

cause embryo coagulation, high intensity ultrasonics break up suspended
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particles. 

Van Hook and Frulla (9) found this effect in the nucleation 

of sugar solutions. They found that at a supersaturation ratio of 

1-1 for which homogeneous nucleation would not occur, a sugar solution 

would nucleate on momentary irradiation of ultrasonics at a frequency 

of 8 k.c. and a minimum power input of 10W/en’, yielding a prolific 

crop of crystals. However, at 340 k.ec. very few crystals developed 

in the same time. 

Mullin and Raven (20) also showed this phenomenon with stirred 

solutions. They found that the degree of supersaturation necessary for 

nucleation decreased with increasing stirrer speed only over a limited 

range, after which there was an increase before again decreasing with 

further increase in stirrer speed. They suggested that this increase 

was probably due to the fracture of nuclei at this critical stirrer 

speed yielding fragments of less than nucleic size. 

2.2.2. Secondary Nucleation. 
  

Miers (21) in 1911 observed that if a crystal was introduced 

into a supersaturated solution which was in a metastable state below 

that required for spontaneous nucleation, it may cause crystals to grow 

not only in contact with it but also at some distance from ite This 

- phenomenon of nucleation occuring at a supersaturation below that 

required for spontaneous nucleation by the presence of other growing 

crystals is termed secondary nucleation. 

Strickland ~ Constable and Mason (22) working on 

MgSO), »7H0 distinguished four classes of breeding of nuclei:-~
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(i) "Initial breeding" which occured when a seed crystal yielded 

a shower of small crystals, which were originally attached to it, after 

immersion in a supersaturated solution. 

(ii) "Prue breeding" which resulted from broken portions of the 

dendritic or needle-like growth on the original seed. 

(144) "Splinter breeding" which occured when a needle broke off a 

mother crystal accompanied by a shower of small crystallites. 
. 

(iv) "Attrition breeding" which was that which resulted from 

agitation. 

McCabe (23) investigating the growth of stirred, seeded 

supersaturated solutions of potassium chloride and ccpper sulphate 

found that the size distribution plots of seed and product crystals © 

differed only by a displacement along the diameter axis, indicating no 

agglomeration or secondary nucleation. 

Melia and Moffitt (24) however observed secondary nucleation 

with potassium chloride solutions although it did not normally occur 

until dendritic type growths appeared on the crystal surface. They 

suggested that it was produced by the shearing action of the solution 

on the crystals. This hypothesis was further strengthened when they 

worked on sodium chloride solutions in the presence of additives which 

promoted dendritic growth of the sodium chloride crystals. A large 

increase in the number of secondary nuclei produced was observed in the > 

presence of the additives. They also found that these secondary nuclei 

were themselves capable of producing fresh nuclei. 

Ting and McCabe (25) investigated the secondary minlenthon 

characteristics of continuously cooled, stirred seeded solutions of .
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magnesium sulphate. They found that on cooling a solution a first crop 

of nuclei were produced at a certain temperature with insufficient heat 

release to change the cooling rate; then on further cooling a 

temperature was reached when prolific nucleation occured, completely 

obscuring the stirrer and accompanied by sufficient heat release to 

appreciably retard the rate of cooling. It appears therefore that 

there is a "supersaturation curve" for both primary and secondary 

nucleation. Both of ieee “supersaturation curves" were @ffected by 

seed size and weight, stirring and cooling rate. 

Cayey and Estrin (26) studied the secondary nucleation period 

for magnesium sulphate and counted nuclei photographically after 

different conditions of seeding. They suggested (in contradiction to 

Melia and Moffitt (24)) that the secondary nucleation was dependent on 

the number and size of seed crystals, and on the level of 

supersaturation. 

Secondary nucleation is a phenomenon which is, still not fully 

understood. It appears that it only uccurs for some particular 

systems and then only if a certain supersaturation level is exceeded. 

The experimental data available is limited and in certain cases 

conflicting. 

Cece Crystal Growth. 

The following consecutive steps are required in any 

heterogeneous reaction:-~ 

1. ‘Transport from the medium to the reaction environment. 

2. Absorption on the surface.



3. Orientation in the surface (reaction). 

4, Desorption of products of reaction. 

Ds Dissipation of products of reaction. 

For crystal growth from solution the ‘last two steps consist of 

the dissipation of the heat of crystallisation which will be rapid 

compared with the relatively slow growth rate, and so step 1 is more 

likely to be rate controlling with respect to 4 or 5. A molecule on 

arriving at the crystal surface is not necessarily immediately 

incorporated into the crystal lattice because it may either diffuse 

away or it may not be at a favourable site. As the orientation of the 

molecule for the greater part of the entropy change step 3 is more 

likely to be rate controlling than step 2. So the two most likely 

rate controlling steps are: 

1. Transport from the medium to the growing environment. 

Ce Orientation in the surface. 

2.301. Diffusion Theories. 

Noyes and Whitney (27) assumed that the liquid in contact with 

the crystal was saturated, and that crystallisation was the reverse of 

dissolution. They assumed that the rate at which a substance dissolves 

in its own solution was proportional to the difference between the 

concentration of that solution and the concentration of the saturated 

solution. Nernst (28) assumed that the crystal was surrounded by a 

laminar film of liquid of thickness, § , through which the solute had 

to diffuse. Then:
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gs 4 (¢ - ¢) Piovaese Oe 

where m = mass of solute deposited in time t 

A = surface area of the crystals. 

ce = solute concentration in the bulk of the solution. 

¢, = solute concentration of saturated liquor. 

D = coefficient of diffusion of the solute. 

However, this equation suffers from the defect that it assumes 

the kiquid in contact with the crystal is saturated, whereas it was 

found by Miers (29) to be supersaturated. 

Mullin (30) has shown how Berthoud (31) and Valeton (32) 

suggested that there were two steps involved in crystal growth: 

diffusion to the crystal surface and then an "integration" reaction 

(assumed to be first order) when the solute was incorporated into the 

crystal lattice. 
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These two stages can then be represented by 

am 
~—. = Ka A Cie c;) eoven00000 Cel> 

dia 
and a = K. A (es - <) ees0e0een00 2.16 

where Ky is a ccefficient of mass transfer by diffusion, K. the 

integration rate constant and C, the solute concentration at the 

erystal/solution interface. 

¢; can be eliminated to present an overall crystal growth 

    

equation: 

a = . (c : a) @0220090%00 Lek? 

ks en le, 
i K. 

dm 
or at = K A (< — 0) 2e0eeoeeee 2.18 

where wae a gs 
Rie Ky K 

z 

Mare (33) found that as the stirring rate was increased the 

velocity of growth increased until after a critical rate was reached 

it remained constant. He considered that at this stage the crystal 

was covered with an adsorbed layer of molecular dimensions. Crystal 

growth is then assumed to be controlled by the surface integration step, 

equation 2.16, and K 4 K.1 equation 2.18 

2.402 Surface Integration. 

The following theories have given significance to the "K 

rate constant", equation 2.17, which makes allowance for the facility
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with which a surface may incorporate a particle adjacent to it. 

The first theories on crystal growth concerned the morphology 

of the crystals and an historical account of these earlier theories has 

been made by Buckley (34), from which the following has been abstracted: 

" Curie (35) nscnaued that there was an intimate connection 

between the crystalline form and the surface energy of the solid. 

Each face has a specific free energy and the crystal will assume the 

habit giving minimum surface energy, such that i=n 
A. ov. = minimum 

e 475 . 

" Volmer (36) based his theory on the existence of an absorbed 

layer around the crystal surface of molecular dimensions. While 

studying the growth of mercury crystals from the vapour state at low 

temperatures he observed the crystals growing layer by layer. He 

proposed that a molecule arriving at a crystal surface lost only a 

portion of its latent heat and was thus bound to the surface but had 

complete mobility on the surface. The adsorbed layer consists then 

of such molecules frequently Sorttaing with each other forming larger 

two dimensional particles. When a particle becomes of nucleus 

dimensions it would attach itself to the crystal lattice. This is 

called Two Dimensional Nucleation. Volmer assumed that the transfer 

of the particle from the adsorbed layer to the lattice would be 

instantaneously made up from the solution. He proposed that the 

relationship between the growth velocities By and E> of two differing 

lattice planes was given by: 

aS = Cc exp (," ex x,') nf R 1 e9oeeoe 2019 

& 2
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! 1 
1 and H, are the heats 

of adsorption of the two planes. He assumed that the heat of 

where C is a constant, n a factor . 1, and H 

adsorption of a particular lattice plane was proportional to the 

specific surface energy. 

' Brandes (37) making similar assumptions to Volmer considered 

the surface free energy to have little influence on crystal growth. 

He considered that the work of formation of the two dimensional nucleus 

was the controlling factor for growth, since the growth of the nucleus 

to complete the lattice plane was very rapid compared with the nucleus 

formation. The ratio of the growth velocities By and G5 on planes 

1 and 2, where the work of formation of the nucleus is Wy and Wo was 

given by: 

82 = exp - (v, - nu) J T° eeeecoee 2420 

81 

where K is the Boltzmann constant. 

" The work of formation was derived on a basis analogous to 

taree dimensional nucleation. 

" Bravais (38) postulated that the velocities of growth on 

lattice planes depends on the densities of the lattice points on the 

planes. However there are many criticisms to this theory. 

" Both Kossel (39) and Stranski (40) proposed theories to 

_ account for the way in which atoms or molecules attach themselves to 

the crystal face. Kossel (39) assumed the crystal to build itself up 

by the indefinitely continued repetition of the most probable 

equivalent steps. He showed that it was immaterial to his theory 

whether the molecular attachments occured in rows parallel to a cube



~ 23 pe 

edge or the diagonal. He expressed the attachment energy V/ | as being 

made up of three components 

Te = ea + vs 7 of which e. and <7! were 

tangential to the growth direction and V7" was at right angles to the 

lattice plane. Thus for the original two dimensional nucleus on a new 

plane the energy release was that due to Say, For this 

particular nucleus he found that for a homopolar crystal the most 

probable position of attachment is the interior of the plane, followed 

by the edge and the corner in lower degrees of probability; whereas 

for an ionic crystal the probability was in the reverse order, i.e. 

corner > edge > interior. Kossel stated that once the initial 

nucleus was attached the plane would build up rapidly to completion. 

" Stranski (40) working independently and considering the 

relative work of separation necessary to remove molecules from various 

positions in the lattice plane came to the same basic conclusions as 

Kossel', ; 

Nielson (41) also considers this two-dimensional nucleation 

mechanism of growth. He classified two types of mechanism: 

(i)  ‘The'"mononuclear layer" mechanism where the time between two 

consecutive nucleations is greater than the time it takes for a surface 

nucleus to grow such that it covers the crystal surface. 

(ii) The "polynuclear layer" mechanism where the surface nucleation 

is so fast that each molecular layer of the crystal is the result of 

intergrowth of numerous individually nucleated surface crystals. 

However the probability of the formation of these two- 

dimensional nuclei is a very sensitive function of supersaturation,
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and Burton, Cabrera and Frank (42) have shown that if reasonable values 

of the edge energy of the two-dimensional nuclei are assumed, a critical 

, CS eCr 
supersaturation of about s = 50%, where s = opis necessary for 

So 
the formation of two-dimensional nuclei. Whereas growth has been 

known at very low supersaturations of s = 1% and lower. 

Frank (43) recognised that growing crystals are not perfect 

flat plane faces, and that their imperfections will provide the steps 

required for growth making two-dimensional nucleation unnecessary. 

The face containing a "screw dislocation", i.e. the one in which the 

displacement is parallel to the dislocation line will then grow 

perpetually "up a spiral staircase". If there are two such 

dislocations on a face, growth will occur if the supersaturation is 

raised to a value such that the size of the critical two-dimensional 

nucleus correctly orientated will pass between two points in the 

positions of the two dislocations. 

Burton, Cabrera and Frank (42) based their theory on the 

existence of these screw dislocations and considered the crystal 

growth process from the vapour to be a result of three separate 

processes, (i) exchange of molecules between adsorbed layer and vapour, 

(ii) diffusion of adsorbed molecules towards the steps and exchange 

with them and (iii) diffusion of adsorbed molecules in the edge of 

the steps toward the kinks (or growth sites along the steps) and 

exchange with them. 

Strickland - Constable (44+) has summarised this theory of 

Burton et al (42) for crystal growth from the vapour and shown that a



similar approach can be made for growth from solution, and the flux 

f 
J (mass transferred per unit area and unit time) is then given by: 

ol Ee = (re) (: - to) Piscdceciie Ohee 

(re) 
snore 3 is a reflection coefficient of the molecules, Dy, the 

diffusion coefficient, a! is the molecular spacing in the adsorbed 

layer, Fa is the distance apart of the steps and 4s is the average 

diffusion distance of adsorbed molecules. 

af Yo is assumed inversely proportional to (c - c_} then for 

high supergaturations, y, is small, and Jt» LP “AP (c - Sarees 

for low supersaturations, Y, is large, and J 1 —> ae ¢ “ an) 

Strickland - Constable (44) has reported that Reich (45) 

found a second order growth rate dependence on supersaturation for 

well stirred seeded solutions of MgCoC), » 2 H,0, BaC.,0), « 3 HA0, 

and TZ Br. 

Chernov (46) adopted a similar approach to Burton et al (42) 

and came to the same conclusion for the dependence of the normal 

(perpendicular) growth velocity, g, of a crystal face growing from a 

vapour being proportional to a* for low supersaturations and being 

linearly dependent on s for higher supersaturations. He showed the 

non-linear dependence on supersaturation to be obtained for 

0.0525 ¢:0.80 when crystals of P - methyl naphthalene and p-toluidene 

were grown from the vapour. For the normal growth velocity from
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solution Chernov assumed that matter is transferred to the crystal hale 

on the end faces of steps and only by diffusion within the volume of a 

fixed boundary layer of thickness, $ adjacent to the crystal. 

He found that for the interval 0.01 {5s <0.2 the following 

approximation was true: 

& = eee @8090282000080 2ec2 

and at very low supersaturations b = 2. The exponent b increased as 

§ decreases, and the region of thequadratic equation is enlarged as the 

solution is stirred more vigorously. 

Burton et al (42) have observed that in some cases a crystal 

surface will not grow at all, in spite of the fact that it is in 

contact with a supersaturated solution of gw&0.1. This could either 

be due to the absence of dislocations in the crystal surface, or else 

to the presence of so many of them that the mean Cistance between them 

is too small for the particle integration. As this would require of 

the order of oo dislocations per om which is high, the former 

explanation is more probable. 

22.3050 Experimental Data. 

In order to assess the contribution of the surface integration 

and the diffusional resistance respectively on the growth process it is 

necessary to try to eliminate one of them. As the relative crystal/ 

solution velocity is increased the laminar film thickness, § decreases 

until in the limit the surface integration step should control. 

Mare (33) found this effect with stirred suspensions of potash alum,
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NH alum KCr 5D, and AgOA when after a certain stirrer speed was 

attained no further increase in growth rate was observed. He then 

found the growth rate to be proportional to the square of the degree 

of supspanicelon: | 

Bransom et al (47) however found no such limit with the 

growth rate of seeded solutions of magnesium sulphate heptahydrate 

stirred between 100 revs/min. and 1000 revs/min. They found a 

continual increase in the mass transfer coefficient, up to an 

experimental limit of 30°C, with stirrer speed which was independent 

of seed size. They attributed this to "homogeneous isotropic 

turbulent eddies". 

Cartier et al (48) modified an equation by Amelinckx (49) 

for the resistance to crystallisation due to the surface integration. 

The particle integration rate was based on a statistical determination 

of the rates of particle attachment and detachment at a crystal face. 

They obtained the equation 

Ge ge at 
at - K. A (o= (z (, be :.) ) a 22ee 2023 

  

2 ay 
where yer. Sw eee ; 

kt dc 

K! = Particle Integration Factor 
= 

V7 = Attachment energy of the crystallising 
particles. 

c. = Solution concentration at the interface %u/v 

Boltzmann constant. on



a DO a 

dm 

; 

Hence a plot of fal + K s) against ( xe x ) which are the. 
t r 2 re) 

concentrations in mass %, should give a straight line of slope f 

! 
where ( is the solution density. A value of K, has to be determined 

> 

by trial and error which will give an intercept of tn K,'A. It was 

' 
found that K. and Z could be expressed in terms of the absolute 

temperature :- a 

K -« fF - B 

(2-3-5 

where «, (9 » A and B are constants. 

Cartier et al studied the effect of relative crystal/solution 

velocity (u) on growth rate by direct measurements of a single crystal 

with a microscope. They found for citric and itaconic acids the 

diffusional resistance was insignificant at sufficiently high relative 

velocities and equation 2.23 then satisfactcrily correlated their 

results. : 

Mullin and Garside (50) worked on the crystallisation of 

aluminium potassium sulphate using single crystal measurements as used 

by Cartier et al and measurements of weight aad sieve analysis ina 

fluidised bed. They found a good agreement with the growth rates 

obtained by the two methods. They found that the growth rate was 

0.65 
proportional to u and that the dependence on supersaturation 

c-c varied between (c - c 14 and {ec - ¢ 1.62 within the 
go ‘oO ‘o> 

supersaturation limits 0.0032 (6 - an) ~.0.015. However the exponent 

1.62 remained fairly constant above a certain relative velocity. 

Davis and Jones (51) used conductivity measurements to
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determine the rate of growth of seeded stirred suspensions of silver 

chloride. Tie found that the growth rate was independent of stirrer 

speed between 100 r.p.m. and 500 r.p.m. and so assumed integration 

control, for which they found the dependence on supersaturation to be 

second order. No account was taken of the increase of crystal area 

during these experiments, but conditions were ental such that the 

total change was only 0.1% of the original total surface area of the 

seed crystals. 

Schierholtz (52) nucleated stirred solutions of calcium 

sulphate at 25°C and followed the decrease in concentration using 

titration measurements of samples of solution at regular intervals. 

He found that the crystallisation rate was first order with respect to 

( - Sa) with the exception of the early and final stages. No allowance 

was made for the effect of change of crystal area, but as the product 

crystals were of an acricular nature he suggested that the effective 

area available for crystal growth throughout this period would be 

constant. 

McCabe (53) has proposed a method for the prediction of the 

size analysis of a mass of crystals grown fiom a mass of crystals of 

known size analysis, which is known as "McCabe's Adiaw". This states 

that if a known mass of seed crystals of known size distribution is 

grown under given conditions of supersaturation then the size analysis 

of the product is given by: 

My 3 

M, * 1 7 ao) d M, e20e00 2.24 

0 

 



eo = 
where My is the product mass obtained from M, seed, D, is the seed 

size and /\D the increase in size. 

Solution of equation 2.24 involves tedious trial and error 

methods. A nomograph by Hooke and Kerye (54+) has eased the solution 

  

3 
by giving the ratio (: + AL for trial values of AD for any 

' 
seed size Dye 

McCabe (23) added experimental validification to equation 2.2/4 

by crystallising potassium chloride and copper sulphate by means of a 

seeded water cooled crystalliser tube agitated by rubber strips 

attached to a central shaft and revolved inside the centre of the tube. 

He showed that for these seeded suspensions over a wide number of 

variables, e.g. agitator speed, weight ratio of product to seed, 

temperature, etc., the size distribution plots of cumulative number 

percentage over size, D, for product and seed crystals, obtained from 

a sieve analysis differed only by a displacement along the diameter 

axis. This indicated that neither agglomeration nor secondary 

nucleation occured during the growth process, and that the linear 

velocity of growth was independent of crystal size. However tas has 

since been shown to be true only for surface integration control. 

As temperature has a greater influence on the kinetics of a 

reaction than on the physical property of the solution, the extent of 

the resistance to crystallisation presented by the surface integration 

can be seen by studying the effect of temperature on the growth rate. 

The effect is indicated by the value of the activation energy involved. 

Van Hook (55) compared the activation energies of sugar 

solutions off\viscosity and diffusion with growth with the conclusion 

t
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that the former two were considerably less than the third over the 

normal temperature range. The comparison was made at a constant 

supersaturation of s = 0.05 and the three values approached a common 

low level only at high temperatures. The high activation energy 

associated with growth was of the order normally associated with purely 

chemical reactions rather than physical processes (i.e. ae than 

10 K cal/g. mole). 

Rumford and Bain (56) determined the rate of growth of sodium 

chloride crystals in a fluidised bed for different supersaturations 

over the range 26 to 73°C. Below 50°C the rate of growth plotted 

against supersaturation was non-linear showing the growth rate to be 

surface integration control. Above 50° the growth rate was linearly 

dependent on supersaturation. This could either be a first order 

surface integration or diffusion controlled growth. As the activation 

energy for crystallisation was found to be 54 K cal/mole, they 

considered the growth rate to be diffusion controlled above 50°C. 

Cooke, however, in a discussion (56) disagreed with this conclusion 

and suggested that the growth rate was diffusion controlled at all 

tempzratures, but the contribution of the surface integration is greater 

at lower temperatures and supersaturations. He suggested that if the 

authors had continued their work for higher supersaturations the curves 

would have become linear for all temperatures. 

McCabe and Stevens (57) found that equation 2.24 is inapylicable 

with low relative velocities in a diffusion controlled process with a 

crystal size distribution. They studied the rate of growth of copper 

sulphate pentahydrate crystals in an agitated solution following the
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decrease in solution concentration using a conductivity cell. They 

found that the rate of growth g could be expressed in terms of relative 

velocity, u, between crystals and solution, the interfacial growth rate 

B59 and the growth rate at zero velocity, Bo: by the empirical 

equation: 

@eoae@080008 Caen 

oe
 

tte
 

u — 

& + ou & 

where C is a constant. 

They found that the growth rate was not affected directly by 

crystal size, but, at low values of u, g is markedly influenced by the 

crystal - solution relative velocity. As u increases, the effect of 

velocity on growth rate diminishes and finally becomes negligibly 

small. This is consistent with the view that the growth process 

consists of a diffusion process and a surface integration in series. 

Hixon and Knox (58) found the rate of growth coefficients to 

depend both upon the mass transfer coefficients which varied with 

fluid velocity and the rate coefficient of the surface integration. 

They measured the increase of weight of single crystals of copper 

sulphate and magnesium sulphate and calculated the product area from 

‘ 3 

i, 

They correlated their results on a dimensionless basis to allow the 

mass transfer coefficients to be compared with mass transfer 

coefficients or heat transfer coefficients of other systems:
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These are the Sherwood, Reynolds and Schmidt numbers 

respectively: 

Molar Diffusivity. N where D 
m 

Equivalent Diameter of the crystal. 

= Coefficient of mass transfer by diffusion. 

= mean molicular weight of the solution. 

density of the solution. 

viscosity of solution. 

ul crystal / solution relative velocity. 
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a constant. 

To correlate the data on this basis, it was necessary to 

K assume that a resistance 1.0.(] was being presented by a surface 

eee 

reaction of firs’ order for magnesium sulphate and of second order for 

copper sulphate. 

Bransom (59) has shown that for a fluidised bed the growth 

velocity g can be correlated in terms of a modified Reynolds number Re’: 

ii MOEe Ob 8 wil b 
. ae * C Ci (c ~ ca 

; 
wnere Re = “E S

 

9 r= crystal equivalent radius, | 

f = solution density and C = specific growth rate. 

Using the data of Hixon and Knox (58) he found b = 1 for both 

copper and magnesium sulphate, n= 0.65 for copper sulphate and 

n = 0.3 for magnesium sulphate. He further showed that for a given
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continuous crystallisation ety and ay constant and u varies 

very little so that: 

& = Cc r (c - go)” : @2eoo0o0 2027 

and when the growth rate of crystals is expressed in this form most of 

the important operating parameters can be predicted. 

Bransom and Palmer (60) working on an Oslo type of crystalliser 

found the exponent n = 1.0 when calculating average growth rates for a 

bed of crystals. However when size anajses were done on the 

jnéividual beds before and after growth it was found that n = Les 

This was explained by the size classification occuring in the bed. 

Bennett (61) has used the ante of Rumford and Bain (56) to 

cbtain a value of n = 0.171 for the same correlation, equation 2.27. 

However the exponents b and n will vary according to the type 

of system and the material used. 

Bennett and Fentiman (62) found for the crystallisation of 

sucrose crystals that the rate constant differed for three different 

size fractions of seed used by a factor of two. After washing the 

seed in aqueous methanol the rate constants were reduced and the three 

size asticed then gave a similar value. When the specific surface 

area of each type of seed was measured, however, by the krypton 

adsorption method this showed that the difference was due to the 

surface roughness of the seed caused by adhering dust particles. 

The ratio of surface areas then measured for each type of seed, before 

washing, was similar to the ratio of the rate constants. ‘They also 

pointed out that the relationship between total mass, or total volume,
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and total surface area for a polydisperse system of normal distribution 

undergoing crystal growth is probably not M aie? but is closer to 

M eX wees However this relationship will depend on the size 

distribution of the original seed. 

2.304. Impurities in Crystal Growth. 

23-421. Effect of Impurities. 

The interaction of growing crystals with impurities is thought 

to give rise to effects such as change of growth rate, impurity capture 

and crystal defect formation, e.g. internal strains and dislocations. 

The presence of an impurity usually causes a lowering of the 

growth rate. Buckley (34) has stated that the strongest effect is 

usually produced by organic substances of high molecular weight. 

An important characteristic of this kind of impurity is its inability 

to influence appreciably the dissolution rate of crystals. Certain 

inorganic ions are also effective when present in very small 

quantities. Increases in growth rate have been experienced in a 

few cases, and accounted for either by the catalytic effect of an 

impurity or by lowered surface enorgy, the smaller size of the critical 

nucleus and the enhanced probability of two~dimensional nucleation. 

McCartney and Alexander (63) worked on the crystallisation of 

calcium sulphate by following the concentration change of seeded 

solutions using Ba Sechhe conductivity cell. They found a second 

order dependence on supersaturation for both pure and impure solutions, 

regardless of the amount of inhibition of growth. ‘They also found
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that the additives which interact with calcium sulphate are those with 

polar groups on a chain structure, particularly proteinaceous and 

polycarboxylic materials. Also the retarding power increased 

markedly with molecular weight. Polyacrylic acid, for instance, 

completel:; inhibited growth at a concentration of 1.3 pepem., and 

even in 0.23 pepem. it retarded the growth rate by 74% compared with 

that of pure calcium sulphate. They found that if a strong acid 

was added to one of the polycarboxylic materials, the latter's 

ionizatior. was suppressed and the retarding action largely destroyed. 

Although or HCl and H5S0), the crystallisation rate was still retarded 

by the action of chese acids themselves. 

Chernov €46) attempted to explain the effects of impurities 

on the soiral growth of crystals, and based his treatment on the layer 

growth ¢f crystals resulting from the motion of steps. He considered 

two posisible mechanisms of inhibited crystal growth: 

(@) Strong$y adsorbed impurities captured by a couse crystal. 

(») Impurity poisoning of active growth sites (kinks). 

He suggested that an impurity slows the advance of elementary 

steps whose heights are comparable with that of the adsorbed impurity 

molecules, aut, that this effect becomes less noticeable as the step 

heigkt increeses. The influence of impurities on the normal growth . 

rata must teerefore depend particularly on the mean step height. 

Chernov stated that when adsorbed impurities have a short 

liteutime oa the crystal surface, the impurity poisoning of active 

sites beccries important and it is then practically impossible to
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incorporate new particles into the crystal in the poisoned kinks » 

He mentioned that kinks in a step are poisoned by impurities in both 

groving or dissolving cystals. 

Impurity molecules captured by a growing crystal differ in 

size from the crystal constituents and therefore induce tensile 

strains in the lattice. 

2.30462. Equilibrium and non-equilibrium capture of 
  

impurities in crystal growth. 
  

Chernov (46) stated that when the system consisting of a 

erystal and the surrounding medium contains an impurity, the impurity 

concentration. x. in the crystal and x, in the medium, under 

equilibrium conditions are related to the phase diagram. The 

equilibrium coefficient of distribution (or capture) x! is then given by: 

K! =a | 

x. ‘ 
W 

  

If a crystal grows very slowly its impurity concentration is 

determined by the equilibrium capture coefficient, and by x, at the 

iuterface. When x! 4s less than unity (crystal rejects impurity) 

x will increase with growth rate. Therefore the equilibrium 

capture coefficient increases effectively with the growth rate. 

Chernov mentioned that the equilibrium impurity concentration 

is not constant throughout a crystal, since a difference exists 

between its value near the surface and that in the bulk. He added 

that the equilibrium concentration can be characterized approximately 

by three quantities: the concentration in the bulk of the crystal,
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that in the surface layer, and that in the steps, and that these can 

differ considerably from each other. If a crystal grows very slowly 

an equilibrium concentration exists in all three quantities. At high 

growth rates equilibrium is not established in the bulk, but it may be 

in the surface layer and the steps, or only in the steps. However 

each surface layer becomes an interior layer with an equilibrium 

impurity concentration. This also applies to the line of atoms 

forming the end face of a crystal. At still higher growth rates none 

of the three equilibrium concentrations is achieved. Therefore when 

new layers are deposited on the crystal surface the impurity 

concentration in these layers will not generally be in equilibrium, 

and impurity diffusion from or to the crystal will begin. 

Although it is usually assumed that in the solution the ratio 

ef impurities to the substance being crystallised is greater than in 

the crystal (i.e. "purification") Botsaris et al (64) showed that this 

is not always the case. They investigated the incorporation of lead 

molecules in crystals of KCl and concluded that a possible mechanism 

is one of non-equilibrium capture of impurity, the magnitudes of the 

distribution coefficient depending on the rate of crystal growth, and 

the rate of diffusion of impurity through the lattice structure.



SECTION _'THRER 

PREVIOUS WORK DONE ON PENTARRYTHRITOL 

3,1, Crystal Structure, 
  

Berlow, Barth and Snow (65) state that P,E, has a body centred 

lattice of tetragonal symmetry with two molecules in the unit cell, 

The crystal has a four fold alternating axis of symmetry parallel to 

its c~ axis, The central carbon atom of one molecule in the unit cell 

is at (0, 0, o) and that of the other at (2, 4, 2). The molecular 

units are so arranged that the oxygen atoms are in planes perpendicular 

to the vertical c~ axis, The oxygen atoms of four neighbouring molecules 

are arranged in the form of a square whose sides are inclined 10° to 

the a and b axes, In P.E, the C~C bond length is 1.50 R, the CO bond 

length is 1.46 & and the 0-0 distance is 2.69 %, 

Van Groth (66) states that P.B. crystals should be tetragonal - 

bipyramids on (001), He showed the morphology as figure 3,1. where the 

Miller indices of the main faces are marked, This is a1 st order 

(hn B class 4/mmm tetragonal bipyramid, as shown by Bishop (67). Von 

Groth gave the ratio of the unit cell axes as g = 1,0236, and this ratio 

is also recorded in the Barker Crystal Index (63), Tf however the 

bipyramid base is orientated at 45° to the a, b axes, this 2nd order 

orientation gives the equivalent axes ratio of ¢ = 1.447, which is : 

almost in agveement with Ber low et al (65) who Retna the values a 

= 6,10, c = 8,73 and hence c = 1.43, Wyckoff (69) also records values 

which give a similar ratio, of a = 6,083 + 0,002 R and c = 8,726 + 

0,002 % and hence & = 1.4345, The melting point has been recorded 
a
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as’ 260 25°C by Wyckoff (69) which compares favourably with the value of 

259°C found for Pure P,E, in the previous work (1), whereas Wn Groth 

(66) records the melting point as 253°C and so the data of Wyckoff 

is taken to de more accurate, é 

Figure 6,1,4 shows a sketch of the tetragonal bipyramid in the 

2nd order (ho 1) orientation with the indices of the main faces - 

marked and also of the minor ones which sometimes appeer, For the 

Wyckoff ratio of co = 1.4345 if the bipyramid base is taken as unit 

length, the Length of the remaining (1 0 1) sides become 1,0074 and 

the normal angle between the (1 0 1) and (10%) faces is 69,67°, For 

practical purposes and within experimental error therefore, the 

external gocmetry may be considered as if the crystal is of the cubic 

systen with each (1 0 1) face an equilateral triangle and fis normal. 

angle between any two faces being 70.53°. This has been done in 

section 6, figure 6.1,B, 

Wyckoff (69) also states that there is a phase change at 179.5°C 

above which the unit cell becomes cubic and tetramolecular with ¥ 

a = 8,963 Rg, This cubic modification of P.E, was alo found by Nitta 
‘ 

and Watenabé (70) at 160°C using Kray diffraction measurements, 

342. impurities : 

3.2al- Natwee of the impurities 

Two main impurities (YO. 1%) were analysed chromatographically in 

the commercial Pentaerythritol, These were the ether Di ~ 

Pentaerythritol, and a complex unidentified by~product of



formaldehyde and P,E, which, for the purpose of this work is labelled 

the "Formal", The amount of Di~ PE, present varies from 0% to about 

2% wherees the Formal present is usually about 4%, As the Formal 

identity is unknown this analysis figure is only comparative in relation 

to Di - P.#., obtained by giving the Formal the same chromatograph 

response factor as Di = P,E, 

Di ~ Pentraerythritol is a white odourless crystalline ether, 

having the formula: 

CH,OH CH.OH 
a ; ; : | # 

HOCH, - C~ CH, - 0~ CH, - ¢~ CH, OF 

OH CH, OH 

with a molecular weight of 254, 

Similar compounds to the unidentified Formal have been reported in 

the literature as being present in commercial P,E, 

Salkind et al (71) and Wiersma et al (72) consider this to be the 

compound Bis-pentaerythritol monoformal with a molecular weight of 284 

and a hydroxyl value of 35.9%, 

; CH, OH , ie 
‘ ‘ ‘ 

HOCH, = re Gi, ~ O- CH, - O- CH, C ~ CH,OH 

: CH, OH CH, OH 2 

Berth and Snow (73) however have reported the detection of a 

Similar impurity which they identified by carbon and hydrogen deter- 

minations ’ hydroxyl value, molecular weight and saponification value 

as formaldehyde bipentaerythritol acetal having the formula:
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CH OF )2 OH 

HOCH, } ~ O- CHL, -~O- CH, ~ i CH, OH 

CH, 0H CH, OH 

with a molecular weight of 270 and hydroxyl content of 37.8% 

42, Broparation of Formal 

The degree of polymerisation of formaldehyde in the aqueous: 

solution can be expressed in the form of the following reactions: 

CHO + H,0 <==  HOCH,0OH 

Methylene glycol 

2 HOCH, 0H = (CH,0) pH + HL0 

dimex 

HOCH,OH + HO (CH,0),H === HO (CH,0) 5H + HO 

trimer 

Salkind et at (71) have proposed two possible sequences of 

reactions which account for the formation of di-~ P,E, and bis - PE, 

monoforma1,— The first is based on the fact that very little 

formaldehyde exists in aqueous solution as free H CH: 0. butaiteds 

mostly in the hydrated form, The reaction proceecs by splitting out 

water detweon these polymers and acetaldehyde, In the sequence of 

reactions methylene glycol forms P,E,, the hydrated dimer forms 

Di - P,E, and the trimer by a similar sequence forms bis ~ PH, 

monoformal, The other proposed sequence recognises the low 

concentration of H C H O in aqueous solutions but considers its high 

reactivity compared to that of its polymers, The formaldehyde reacts 

with acetaldehyde to form acrolein, two molecules of which then 

react with ucthylene glycol to form bis - P,EB, nonoformai,
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In the vrevious work (1) the attempted extraction of Formal with © 

n = provanol using the method of Barth and Snow (73) gave a product 

which anuziysed chromatographically as containing only 15% Formal, In 

view of Sa'ikind's (71) suggested sequence of reactions for the fornation 

of the impurities, an attempt was made (1) to synthes:.se the Formal 

using P,5, and Formaldehyde, At first the formaldehyde was used in the 

form of the commercial 40% aqueous B ormaldehyde solution, | but after 

refiuxing with impure P,E, (Batch A) this resulted in a decrease in 

Formal content, This was attributed to an inhibiting effect of the 

metharol present as a stabliser in the formaldehyde solution, 2 

The formaldehyde was thereforre added in the form of paraformaldehyde 

(a mixture of low molecular weight polyoxymethylene glycols) to aqueous 

P.E, solutions, Walker (74) recorded various equilibria occuring in 

dilute and cconsentrated aqueous formaldehyde sclutions for different 

pH ranges, and reported that good yields of formals were obtained by 

heating aleciols with paraformaldehyde at 100°C in the presence of ferric 

chloride, Experiments were therfore carried oul (1) wider different 

conditions of pH and fotaaanatyat concentration, and with ferric | 

chloride sometimes added in an attempt to synthesise the compound. 

All solutions were found to be cloudy at first but cleared after about 

20 minutes, which was attributed to the slow depolymerisation rate of 

the paraformaldehyde, During the reaction the solubility OD: Bebe was 

found to be greatly enhanced and See atas of ca, 58 mass q were 

often used. The pH of the solution did not appear to @€fect the 

formation of the Formal although the presence of ferric chloride
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seemed to favour the formation of Di - P.E. It was found that the 

oritical condition for the synthesis of the formal by the reaction of 

P.E. with formaldehyde is a long refluxing time. 70 g of Batch A (with 

4.73% Formal and <0.1% Di - P.E.) refluxed with 10 g of Paraformaldehyde 

3 
in 50 om’ water for 40 hours yielded on cooling to room temperature and 

filtering, 21 g of product crystals analysed chromatographically as 

containing 25% Formal and 0.5% Di - P.E. However this produot contained 

other by~products ofreaction and it was deoided to study the effects of 

Formal on the crystallisation of P.E. by using mixtures of the batches 

of material with known impurities, with the purified P.E., thus limiting 

the impurity content usable to about 5% Formal. 

Steve PUrit Loa tion OL Pele 

The commeroial batches of P.u. were purified by dissolving 

sufficient material in 10% (w/v) HCl to form a saturated solution at its 

boiling point. The solution was refluxed for 1 hour, sooled to oc, 

filtered and washed in ice cold water, This procedure was then repeated 

and the resulting P.E. recrystallised from distilled water. The product 

was then washed with successive quantities of ice cold water and dried 

in an oven. The chromatographically "Pure P.E." analysed as containing 

<0.1% Di - P.E. and <0.1% Formal will be referred to as Pure PE. 

hereafter, 

3.5. Physioal Properties 

ea 

PENTAERYTHRITOL HOCH, - C - CH, OH 
!
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Berlow et al (65) state that P,E, is a polyhydrio alcohol with four 

primary hydroxyl groups arranged compactly around a central carbon atom, 

It is an odowless, white crystalline compound which is non~hygroscopic, 

practically non-volatile and stable in air, Its density is 1,396 an, 

The entropy of transition of P.E, is’ 22,8 4.7 its entropy of fusion 

is 3.2 e,u,, and its entropy of sublimation is 60,8 e,u. 

The diffusion coefficient of P.E, in water at 20°C 28206575 om’/s J 

at a normality of 0.4 and 0,589 om” /s at a normality of 0,2, 

P,E, is moderately soluble in cold water aud freely soluble in hot 

of water, Values of 5,6 mass% and 30.5 mass% were found in the previous 

work (1) at 20°C ana 80°C respectively, The solubilities in aqueous 

solution found for Pure P,E, and for impure P.E, above 50°C were in good 

agreement with Cooke's data (75) and were correlated by the equation 

logj9 ¥ = 5.072 ~ 1266 where x = mass% and T = degrees Kelvin, 
di, 

which is shown in figure 3,2, Berlow et al (65) report that P.E, is 

only ey soluble in alcohols and other organic liquids, The 

nucleation correlations (figure 3, 2) of P.E, in aqueous solution were 

found to be (1) 
‘ 

Pure PE, 10849 xX = 2,289 ~ 633 
q 

Impure P,E, 1o85 9 x = 3,112 - 2. 

I,C,.T, (76) has reported “the heat of combustion as 661 Keal/mol, and 

the equivalent conductance as 1,71 at 25°C and 0,06 g moi, / an? 

Accordiig to Bradley and Cotson (77) the vepour pressure of P,&, 

ranges from 2,12 x 10°? om Hg at 106,4°C to 52.4 x 10 om He at 

135.1 °C and is represented by the equation log p = 15.17 ~ 7528, 
db
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Nitta et al (78) stated the vapour pressure of P,E, is given by 

log p = 14.525 ~ 686]. Bright and Carson (79) give the heats of solution 

of, P.5; in water aa 

g mol P,E,/500 g mol Water Differential molar heat of solution 

K cal/gwol solute a 

0,381 ~ 5245 
1,216 ve Dent 

2,117 = 5625 

54025 bs 5.34 

Where the thermochemical sign convention is used, i.e, the minus sign 

means absorption of heat, = oe 

Berlow et al (65) have recorded the variously reported melting 

points of P,E, as ranging from 256°C to 265,5°C, They state that PB 

exhibits a polymorphic transformation variously reported between 180° ¢ 

and 192°C, Wyler and Womncet (80) report that P,E, forms eutectic with 

35% Di ~ P.E, melting at 190°C, , 

In the previous work (1) this eutectic was found with 40% Di ~ PE, 

at 185,5°C, and the binary melting system is shown in figure 3,3, _ 

whee the temperature e C) is the correct temperature after the thermome tar 

calibration, The discrepancy in the eutectic point could possibly be 

due to the 4% Formal analysed chromatographi cally as being present in 

the Di ~ PE, source, : 

The Binary melting system Formal/ Pure P,H, studied in the previous 

work (1) after extraction with n~ propanol to obtain a 15% Formal 

composition is shown in figure 3.4, It was found that the Pure P,E, 

containing <0,1% Formal and <0,1% Di P,E, melted at 259° C, and with



' 
F
I
G
U
R
E
 

3.3. 
D
I
-
P
.
B
.
/
P
.
E
.
 

B
I
N
A
R
Y
 
M
E
L
T
I
N
G
 

S
Y
S
T
E
M
 

 
 

 
 

40 
MASS “% DI-PE. 

lIOO 90 60 7O 50 30 20 lo 

  
 
 

280 

fh 
hem 

ee 
A 

N 
N 

Yo 
SJYUNLVYSIWIAL 

210 

200 

190 

185 

80



255 

250 

a 
P
E
R
A
T
U
R
E
.
 

+ 

245 

  240 

FIGURE 3.4. 

' FORMAL/P.E. MELTING SYSTEM 

  
  

% FORMAL



Sat 

the 15% Formal present the melting point was depressed to 240,5°C, 

Figure 3,5 shows the theoretical fluidisetion ott sransport 

velocities for monodisperse spheres of density 1.4¢/om? in water, x 

Althoug.: cusrections are necessary to allow fcr the P,E, crystal shape 

and the solution properties, ait serves as an indica*ion of P,E, crystal 

fluidisation characteristics, 

3,4 Ch.rvical Analysis 
  

3A. 7.; introduction 

Berlow et al (65) state that the analysis of technical PE, 

generally includes the following determinations: FE, content, melting 

range, hydroxyl content, ash convent, acidity, noisture content, water 

solubility, colour and physical state, The method given for the 

determination of PE, content is the Benzel method based on the formation 

of the di- benzylidene acetal, a crystalline compound which is relatively 

insolubie in a dilute aqueous methavolic solution of hy¢rochloric acid 

containing benzaldehyde, The acotal precipitate is flitered off aad 

the % P.M, calculated from the weight of filtrate, However the method 

is known to be inaccurate, and the analysis obtained for P,E, from the 

manufacturer's normally includes the main impurity concentrations 

Di ~ P,"!, and Formal found by the acetal chromatographic method 

section 3,4 2) and the P,B, content ig then found by difference, 

2e4.2, Acotal Thromatozraphis Analyais m 

This method of analysis involved acetylation of the P.E, and 

xemination of the resulting product by high tempecature gas 

> i
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chromatography, Acetylation of the P,5, is carried out by first refluxing 

the sample with anhydrous sodium acetate and acetic anhydride, washing 

with warm distilled water and then extracting the product with analar 

benzene, The benzene extracts are then dehydrated by shaking with anhydrous 

sodium sulphate, filtered and the benzene evaporated off, The resulting 

crystalline product is ground, dried in a desiccator and transferred to 

a gas-liquid chromatograph for examination OL the isolated acetylated 

impurities, The chromatograph has a preheater temperature of 300°C and : 

a column packed with silicone gum E 301/Embacel,ata temperature of 305°C; 

The analysis gives a direct measurement of the Di ~ P.E, content, but ag 

the Formal has not been obtained in a pure state to calibrate the 

chromatograph, the response factor is taken to be the same as that for 

Di - P.O, and so the amount present stated in terms of the equivalent 

amount of Di ~ P,E, (TablelAppendix A ), 

53.4, 3, Formaldehyde Content 

In the absence of a high texperature chromatograph a’ method was 

established in the previous work (1) for analysing the Formal content 

Of Pio tn. the absence of other formal impurities, This was done by 

finding the 'formaldehyde content! of P,.E, by a colorimetric method based 

on the reaction of formaldehyde with chronotropic acid in concentrated 

sulphuric acid when, on heating, an intense violet colour is formed, — Ag 

this reaction is the result of both free formaldehyde adsorbed on the 

solid, and also of combined formaldehyde in the Formal an allowance was 

made for the effect of the adsorbed free formaldehyde by using the 

Sodium Sulphite method for the formaldehyde determination, As this
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method involves the use of a very dilute acid only in the final titration, 

and as no heat is applied it was considered that this would not be 

sufficient to break down the Formal present, 

The total formaldehyde content was first obtained by accurately 

2 
weighing 1,000 g of the P,E, sample and dissolving in 1l0@mof distilled 

3 3 water, 1 om of this solution was transferred with a pipette to a 50 em 

5 
volumetric flask, 1 cm” of the chromotropic reagent was added and then 

10 cm? of 95% sulphuric acid while cooling the flask in ice, The flask 

was heated in an oil bath at 90°C for 1 hour, cooled in cold water and 

made up to 50 om? with distilled water, continually mixing and cooling 

during dilution, The effect of heat was found critical and the 

calibration was standardised for a heating time of hour at 90°C, 

The optical density was measured by comparison with a reagent blank 

treated in the same way, measured at a wavelength of D7 Om. in $ om cells 

using a "SPEKKER" absorptiometer with Kodak No, 6 filters, 

; The absorptiometer was calibrated by treating 1 cm” of known 

concentration formaldehyde solutions in the same way as the 1 on? of PE, 

solution, The calibration is shown in figure 3.63 

The adsorbed free formaldehyde was then found using the Sodium oo 

Sulphitie method, 50 om? of the sodium sulphite solution were placed in a 

500 om? Erlenmeyer flask, A few drops of thymolphthalein indicator were 

added and the solution neutralised with _N_ hydrochloric acid until the 

blue colour had disappeared, The 99 eas the original lg P.E,/100cm° 

H,0 solution remaining after the colorimetric test were transferred to 

the flask, The formaldehyde present reacts with the sodium sulphite to
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form the formaldehyde ~ bisulphite addition product : 

HOHO: + Ne, 80, + 30° > “Nace + CH, (NaSO, ) OH 

The resulting mixture was titrated slowly with the standard is 
; pe Ee 3 hydrochloric acid to complete discoloration, One cm of normal acid 

is equivalent to 0,03003 g Formaldehyde, The per cent formaldehyde in 

the sample is hence given by the equations: 

% HCHO = acid titer x Normality of acid x 3,003 
weight of sample 

and HCHO me/ on? solution = % HCHO X_1 
10 

The formaldehyde equivalent of the optical density obtained for the 

total formaldehyde content in the colorimetric test is known from the 

formaldehyde calibration of the instrument, figure *%,6, _The effect of 3 

the adsorbed formaldehyde, found from the sodiun sulphite method, on the 

optical density is the product of theratio of the absorbed formaldehyde a 

to equivalent formaldehyde and the optical density, If this is subtracted 

from the optical density the corrected optical density is assumed to be 

due to Formal composition only, in the absence of other formals, The 

calibration of the Formal in terms of the corrected optical density is 

shown in figure 3,7. 

This method however relies on the manufacturer's chromatographic - 

analysis for Formal content for calibration, which itself is not a true 

concentration, being relative to Di~ P.E, Also any other formal 2 

impurities present in the P,E, would give a reaction which would be 

attributed to the presence of the usual Formal,
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3.4. 4. 7, M.S, Chromatographic analysis 

Suchanec (81) has proposed an improved chromatographic analysis for _ 

P,E, using the trimethylsilyl (T,.M,S,) ether derivatives, The P.E, sample 

is mixed with a known weight of mannitol and placed ina flask together 

with pyridine and hexamethyldisilazane, The flask is placed on a hot plate 

and heated almost to boiling for 10 minutes, After cooling below 50°C 

trimethylchlorosilane is added, and mixed while warming before cooling to 

room temperature, The precipitate of ammonium chloride and pyridinium 

chloride is allowed to settle, and a sample ig taken and introduced into 

the chromatographic column at 125° C, The column temperature ig ‘ 

programmed at a rate of 13°C per minute to a maximum temperature of 

326 t, and held isothermally for 3 minutes at 326°C, Although the 

'Formal' in the P,B, sample has not yet been isolated the response factor 

for the chromatograph can be found by using the known additions of 

mannitol as a reference, and thus finding the mass % composition of 

Formal impurity, A similar impurity was found by Suchanee which he 

labelled bis- P,E, monoformal (as did Salkind et al (71) and Wiersma et 

al (72), 

3.5. Crystal Growth 

—_ ~ . ~ 

During the final production stages in the manufacture of PR, the 

process solution is cooled in a batch erystaliiser, This results in a 

product consisting of agglomerates of a few large crystals and a large 

number of very small ones, making it ‘tdusty! and unpleasant to handle, 

In the previous work (1) it was found that the product could be greatly
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improved even with batch crystallisations by controlling the growth 

temperature, This was developed to obtain good crystals with few 2 

agglomerates which were classified into sieve fractions Lor use as seed 

in the seeded stirred cell growth experiments, _The method used was 

to cool a hot concentrated solution to its nucleation temperature, stir 

at this temperature for 2 hours and filter off the product crystals, 

These were washed with ice cold water and then with acetone before 

drying in an oven at 100°C, e 

Attempts to obtain growth rate data from small scale fluidised beds 

in the previous work (1) failed, mainly because of agglomeration occuring 

during the experiments, This was probably because too small a seed size 

was used, (64 - 75) for which it was difficult to obtain satisfactory 

fluidisation conditions in the 8 in I,D, crystalliser tube, The method 

used, therefore, was to follow the decrease in solution concentration 

of stirred cells seeded with crystals of a known veight and size analysis, 

This was done using an immersion refractometer graduated in % suger in: 

intervals of 1% (which could be estimated to 0.1% with ease), The 

growth rate constante, K, for each interest were calculated assuming a 

first order growth with respect to supersaturation (c ~ Ga), where 

Y
r
 

) de =-KA (c - CG» )e For this purpose the approximation A st A fy a ae 2 alta 
was used which is only true for a monodisperse system, where the average 

crystal size equals the size of the erystal of average area, which also 

equals the size of the crystal of average weight, Although a narrow 

sieve fraction of crystals was used as seed, the initial size analysis 

used was that after the first five minutes atirition under the
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conditions of the experiment in a saturated solution: It was found that 

for the seed crystals ina saturated solution all the attrition occured 

during this first five minutes, The size analysis carried out with the 

Coulter Counter then showed a fairly wide size distribution, so the area 

determinations for each interval can only be regarded as an approximation, 

The results for the Batch A and Purified Batch A solutions seeded with 

2 g of seed stseeey at 500 r.p.m, are shown in Table 149 : Appendix E . 

The values of the growth rate constant K were averaged with the 

exception of: 

a) Results including the first 25% increment on the initial mess, 

because these were considered due to a repairing process of 

damaged attrited crystals, F : 

b) Results where the refractive index scale, n <x, + 0.5- 

Indicated % Sugar, as the accuracy would be too dependent on 

the accuracy of the equilibrium value, 

c) Results where the time, t, >> 1500 minutes as the crystals 

could not be assumed to undergo no further attrition after this 

time, ; i 

Average results, K, are plotted as log K vs 1 in figure 3,8. 

and are correlated by the following equations for so°c > t, > 50°c: 

Batch A (4.7% Formal, < 0.1% Di ~ P.E.) 

Moh 5 hi OR S710 

where T is in degrees Kelvin, 

with en activation energy for growth of 30,65 K cal /g mol, and
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Purified Batch A (X 0.1% Formal, { 0.1% Di. = P.E,) 

1049 he = 5.710 = 4005 
- 7 

with an activation energy for growth of 18.4 K cal/ g mol, 
‘ 

These indicated surface integration control for both materials under 

these ccnditions, 

The limitations of this work were realised however as being meinly 

due to the limitations of the refractometer, and a more accurate 

refvactcmeter would be necessary to obtain more reliable results, It 

was also realised that many parameters needed to be studied, particularly 

low erystal/solution relative velocities, temperatures < 50°c, effect 

of seea sine distribution, and impurity content, and effect of Di - P,E, 

in the mother liquor,
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SSCTION FOUR. 

BaNCH SCALE CRYSTALLISATION APPARATUS. 
  

An 1. inoroduchion, 

in most crystallisation processes the crystal growth proceeds by 

the two consecutive steps: diffusion of molecules to the crystal surface, 

and integration of the molecules into the crystal lattice. In order 

to study these steps individually it is necessary to try to eliminate 

oné of them. If the solution is stirred sufficiently vigorously the 

repeated acceleration and deceleration in the turbulent eddies can give 

a laminar film around the crystal considerably thinner than that due 

to terminal velocity under gravity, so that in the limit the growth 

process should be controlled only by the surface integration step, 

Stirred cells (section 4,4) were used to examine this process, 

Tae diffusional resistance when significant can be studied by 

varying the crystal/solution relative velocity in a cowtrolled manner, 

One method of doing this used by Mullin and Garside ( 50 ), is to hold 

& single crystal stationary in a tube and to meter the solution rate 

through it. However it was not found possible to grow single crystals of 

reasonable size from the impure mother solutions of interest. This 

problem with P,E, crystals was also encountered by Whetstone ( 82 ). 

The method used, therefore, to study the effect of the relative crystal/ 

solution velocity on the growth rate was to meter the solution flow 

through a fluidised bed of crystals (Section 4.2.) 

As indicated above crystals in a vigorously stirred suspension are 

not at a relative velocity equal to their terminal falling velocity, and
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Bransom et al (47 ) found that this increase in growth rate with stirrer 

speed in the diffusion comtrolled regime was independent of seed size, 

This was attributed to "homogeneous isotropic turbulent eddies", Ina 

transition from diffusion to surface integration growth rate control in 

a stirred cell, a critical stirrer speed might be obtcined for this 

transition point for which the particular crystal/solution relative 

velocity would be unknom. Although this transition point might be 

observed also in the fluidised bed of crystals, the relative velocities 

studied will, in general, be considerably lower than in a stirred vessel 

and if the transition occurs at a high relative velocity a large seed 

size would be necessary with a fluidised bed. A possible method of 

obtaining higher knowm relative velocities is to utilise the terminal 

velocity of crystals under "free fall" conditions and to study the 

growth rate with respect to crystal size which is a known function of 

velocity (figure 3.5.). A critical crystal size equivalent to the 

terminal falling velocity at the transition relative velocity should : 

then be obtained. Ideally this would require an extremely long 

sedimentation tube, but in practice an attempt was made to overcome 

this problem by constructing a "Repetitive Inversion Sedimentometer" 

(section 4.3.). 

4, 2, Fluidised Bed Apparatus, - 

4, 2, 1, Preliminary Design 

The apparatus is shown in figure 4,1. and as far as possible was 

built from "Quick-fit" groud glass parts. The internal diameter of the



FIGURE 4, I. 

Preliminary Fluidised Bed Appare tus 
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erystalliser (C) was 1.80 in and the included angle of the cone base’ was 

ca. 909, The downcomeor in the crystalliser was fitted with a flexible 

seal and knee joint at Run No. F,C.19. which enabled ecetomemtancot 

crystals to be broken up. The capacity of the feed tank (A) was 1 dm} 

and contained a submerged glandless pump (P) fitted with a nylon filter 

over its intake, The solution flow rate was indicated by a Metric 

Series Rotameter (7K) and a Bellingham and Stanley Immersion Refractometer 

(R,/I.) indicated the solution concentration at the tenperature measured 

by a thermometer (T.I) on the inlet line to the crystalliser, 

Temperature controlled water was circulated around the feed tank with 

the Townson and Mercer T,E,3 thermostat circulator (1.0.1) which 

controlled to + 0,01°C and around the crystalliser body (C) with a second 

T.U.3 circulator (7,C,2). 

A Hoffman clip on a rubber tube fitted to the crystalliser base 

allowed the crystal product to be discharged for examination, in order to 

measure the growth obtained, 

4. 2. 2, Solution concentration decay, 

Because of the success of the refractive index change method for 

the growth rate study used in the agitated cells, and the previous 

difficulty of establishing i method for the increase in crystal size ina 

fluidised bed (1), it was thought that a method of concentration change 

using the property of refractive index should be possible using a 

fluidised bed with a closed system of circulating mother liquor, For 

this a crystal/mother liquor ratio of about 10g/500 em3 would be 

necessary to obtain a reasonable rate of concentration decrease, with
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the slow growth rate of P.E, The system shown in figure 4.1 Was 

therefore adapted to reduce the mother liquor hold up. ‘he feed vessel 

(A) was changed to a jacketed vessel of 500 em3 capacity and the 

crystalliser (C) to a jacketed glass tube of 14 in I,D. with a sintered 

gless disc as a support and distributor. The immersion (glandless) 

pump was used as before so as to prevent any contamination with grease 

from pumo glands. The system was unsuccessful however due to the 

difficuity of having an air tight system with an immersion pump. It 

was found that with such a small hold up and slow growth rate, the 

evaporation loss was such that it more than compensated for the change 

in concentration due to crystal growth, 

4, 2. 3, Modified Desion, 

The fluidised bed apparatus after final modification is shown in 

figure 4. 2, and 4. 3, Although measurement of growth rates from the 

solution concentration change proved unsuccessful it showed the advantage 

of using a glass sintered disc as a fluidised bed support and fluid 

distributor 2s opposed to the downcomer method used in the preliminary 

experiments, A uniform flow was obtained through the erystal bed with 

the sintered glass disc, whereas the downcomer had produced wmeven flow 

with a moving bed portion at the walls making the system more susceptible 

to agglomeration. The preliminary experiments showed the method of 

measuring the crystal mass increase preferable to measuring the increase 

of crystal size, but the discharge of product crystals after an experiment 

had proved inefficient, Cell (C), figure 4. 2. was therefore designed so 

that o11 limbs could be easily detached and the product crystals could be



FIGURE 4.2. 

Modified Fluidised Bed Apparatus    
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FIGURE 4.3. 

MODIFIED FLUIDISED BED APPARATUS 
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weighed in-situ. The cell was jacketed and fitted with three B14 ground 

glass sockets; two in the cell jacket and one for the solution inlet to 

the tube. A rubber bung was fitted into the top of the tube, conteining 

the outlet line, a stainless steel probe (D) to prevent agglomeration and 

a thermometer (T,I1,3). A small reservoir was made within the cell jacket 

for the feed solution to attain the required cell temperature, which 

was controlled by a Townson and Mercer 1T,U.3 circulating thermostat 

unit (T,C,2), 

The feed vessel (A) of 2dm3 capacity ws contained in a water 

bath (E) controlled with an immersion coil attached to a Townson and 

Mercer 1,U,3 circulating thermostat unit (7.0.1). The water bath (E) 

was placed on a magnetic stirrer and hot plate unit (F) which maintained 

circulation in the bath and provided supplementary heat. "The feed 

vessel (A) was: fitted with a feed funnel, a vacuum line, an inlet line, 

a thermometer (1.1,1) and an immersion pump (P). Three netric 

rotameters (B)584345/E, 7K and 14K were fitted with glass air jackets 

and three way glass valves served to direct the solution flow, A 

Eellingham and Stanley immersion refractometer (2/1) with prism 1B, 

indicated the solution concentration at the temperature measured by the 

thermometer (1,1,2), Heating tape controlled with a voltage regulator 

was used on lines between A and B, and B and C and all lines were well 

lagged. ‘The immersion pump (P) was connected via a voltage regulator to 

a voltage stabiliser improving the flow control, 

4. 3. Repetitive Inversion Sedimentometer, 

A jacketed brass cell was built, 2 in. internal diameter and
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12 in. long with a refractometer fitted centrally through the side of 

the cell, to measure the change in concentration of o supersaturated 

solution containing growing crystals maintained essentially at their 

terminal falling velocity, as the water jacket was connected to a 7 

thernostatically controlled circulator it was necessary to invert the 

cell reversibly, and for this the pneumetic control, figure 4,4, was 

thought most suitable, 

The operation of Cycle 1 is initiated when the tappet of the three 

way poppet valve B.1. is struck by the piston rod 4,1, ‘The main line 

air previously exhausting through B,1. is directed via the air flow 

regulator C.1, to dwell unit D.1. When the pressure in D.1. builds 

up to about 50 p.s.i.g. it is sufficient to operate the three way 

poppet valve E,1. This in turn directs the main line air previously 

exhausting through E,1. to operate the pilot piston of the Four Way 

Piston Valve, F, 

Air enters the pilot chamber of F moving the piston over and 

thereby reversing the main valve. Main line air is tien directed to 

the rear-cushioned piston cylinder A.1. Operation of 4.1. closes 

Cycle 1 ard the main air lines in this cycle exhaust to atmosphere, 

As the chain attached to the piston rod 4.1. passed via a 4 in. 

pulley to rod A,2, the 6 in. stroke of the piston is sufficient to 

reverse the pulley one half a revolution and to operate the tappet 

valve B.2, and subsequently Cycle 2, The pulley was attached to a 

12 in. cylindrical jacketed vessel of 2 in. bore with a refractometer 

fitted centrally. This enabled repetitive inversion of the cell at 

time intervals controlled by the air flow regulators C,
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4. 4, Stirred Cells. 

Ase F CaL 2. le a oe 

this consisted of the standard Bellingham and Stanley in-line 

refractometer housing of Cell A of the previous work (1), which was a 

stainless stesl cone frustum internal design niga with the axis 

horizontal and having a water jacket fitted roud this housing supplied 

with water from a Townson and Mercer T,U,3 thermostat circulating unit, 

The refractometer used in the previous work (1) which indicated 0-40% 

sugar and estimated to 0.1% sugar, was replaced with the more accurate 

Bellingham and Stanley immersion refractometer fitted with a 1A prism 

with an arbitrary scale 0-105 in intervals of 0.1 divisions (range np = 

1.3254 to 1.3664 which made it possible to read solution concentrations 

to ca. 0.025% P.E, without the need for estimation. The refractometer 

was screwed into a circular brass plate, designed so that the prism 

was off-centre in the cell and the light source from the illuminating 

window at the back of the cell was incident to the plane of the prism 

face and clamped to the front of the cell, It wos found that water 

could leak past the prism/stainless sleeve joint and condense on the 

scale inetict Hae it impossible to read, The joint was therefore sealed 

with a layer of epoxy resin glue, The cell was mounted in a frame with 

a sodium lamp behind, ‘The lower port of the cell was sealed with a 

rubber bung having a glass tube and plug for draining purposes, fitted 

flush with the inside of the cell casting. A rubber bung fitted with a 

thermometer and with a hole large enough to accommodate a small stirrer 

with a three blade marine impeller 1 in. diameter inserted in the top 
A
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port of the cell, The capacity of the cell was about 300 om, 

4.4. oe S211 © 

Although Cell A reproduced the hydrodynamic conditions of the 

previous work (1) and care was taken to obtain the optimum angle of 

incidence of the light source, it suffered from the de fect of having 

a long light path and consequently the image became obscured even with 

relatively low suspension densities. Also crystals could settle on the 

horizontal ledge by the illuminating window thus reducingthe effective 

surface area available for growth, Cell C was therefore constructed 

(figure 4.5) with the smallest practical light path through the 

suspension to avoid obscurity of light being caused by crystals, and the 

only horizontal surface being a small part of the annular gap where the 

glass prism joins the stainless steel sleeve, The cell was constructed 

of a 2 in. internal diameter copper tube with a conical base surrounded 

with a water jacket through which water was pumped from a Tomson and 

Mercer T,U.3. thermostat circulating unit. A Bellingham and Stanley 

immersion refractometer was used with a 1B prism sealed to the stainless 

sleeve with an impact adhesive, The windows and refractometer were 

sealed to the tube by O-rings of neoprene, A plug wes used to permit 

drainage of the cell, ani a rubber bung fitted with a thermometer with 

a teflon bush for a stirrer fitted with a three blade m-rine impeller 

1 in. diameter, was placed in the top, 

Ae Ae De COLL. 

Repeated heating and cooling of CellC frequently weakened the seams 

of the water jacket causing leaking, CellS was therefore constructed,
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figure 4. 6., from solid brass of the same design es Cell C but of an 

overall longth of 12 in. to accommodate larger volumes of solution if 

required, The water jacket consisted of a slot about 2in x 1 in bored 

down one side of the cell through which water was circulated from a 

Tovmson and Mercer 1.0.3 thermostat circulating unit, A thermometer 

pocket was sealed into the side of the cell opposite the water jacket, 

and this, as with the refractometer and illuminating window, was placed 

about 4% in. from the base so as to be covered when 250 cm3 volumes of 

solution were used, A conical copper base with a draining plug was 

soldered to the cell base. A rubber bung was placed in the top with a 

teflon bush to accommodate a stirrer with a three blade marine type 

impeller of about 1 in. diameter, The stirrer notor was fixed rigidly 

to the cell brass housing. A Bellingham and Stanley immersion 

refractometer was used with a 1B prism sealed to the stainless sleeve 

with an epoxy resin, The cell was well lagged, 

Cell G, figure 4.7, wos made with similar dimensions to Cell C 

to obtain the same hydrodynamic conditions to observe suspension 

characteristics, However, because of the difficulty of clamping the 

refractometer horizontally to the glass cell a Y piece was made, as 

shown, to accommodate the prism such that the prism face was vertical 

end had the minimum of suspension to reduce the light transmission to 

the prism face, The height of the Y piece was such that the 250 om 

of solution covered the prism but did not reach the top, so that the 

prism/cell junction had only to minimise evaporation and need not be
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water tight. Allowance therefore had to be made for the solution 

expansion with temperature and also the hydrodynamic fluctuations 

with stirrer speeds up to 2000 r.p.m. ‘The optimum position was found 

by trial and error, 

Because of the construction difficulties involved with an enclosed 

glass water jacket, an open water jacket was used with a Churchill 

constant volume thermostat circulator, A Bellingham and Stanley immersion 

refractometer was used with a 1A prism sealed to the stainless sleeve 

with an epoxy resin, A rubber bung was placed in the top of the cell 

with a thermometer fitted ami a teflon bush to accommodate a stirrer 

with a 1 in. diameter 3 blade marine type impeller, Ticuni ge iten was 

suvplied by a sodium lamp and reflected at the optimum angle through 

the base of the glass water jacket by means of a mirror. 

4. 5. Discussion. 

Although it was originally thought necessary to construct the 

inverting sedimentometer to investigate the effect of the crystal 

terminal falling velocity on the crystal growth rate, it wes, found 

however that results with the fluidised bed apparatus were M reasonable 

agreement with those found in the stirred cells, This was so even at the 

higher temperature up to 70°C where the integration rate/diffusion 

rate ratio would be greatest. As diffusion control would be immediately 

apperent with a slower growth rate for the lower relative velocities 

in the fluidised bed, this indicated surface integration rate control 

for all conditions studied. So iumoueh the sedimentometer was 

constructed it was not used in this project as no extra information 

was thought to be obtainable by this method for P.#,
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SECTION FIVE 

PENTAERYTHRITOL EQUILIBRIUM IN AQUEOUS SOLUTION 

be - Previous Work. 
  

As the "Formal" impurity could be synthesised with 

formaldehyde and P.E. in aqueous esution, and in view of the sequence 

of reversiole reactions proposed by Salkind et al (71) for the formation 

of bis - P.E. monoformal, the stability of the Formal in aqueous 

solution was studied (1). jet Mecca might be expected to 

affect the equilibrium (solubility) apni oa was done by purging 

a concentrated P.E. (Batch A containing 4.73% Formal) aqueous solution, 

held at 90°c, with a steady stream of nitrogen at 3 £t?/n to drive off 

any formaldehyde formed. The solution concentration was kept constant 

by periodically adding water. Samples of the solution were taken 

after 40, 60 and 200 ft? of nitrogen had been used respectively 

(i.e. avver about 70 hours total) and analysed by the "Formaldehyde 

content" method described in section 3.4.3. The results all agreed 

to within the limits of analytical accuracy (i.e. approx. + 0.2% 

Formal), whence it was concluded that the Formal does not readily 

decompose in aqueous solution up to at least 90°C. 

Equilibrium solubility of solute in solvent can either be 

achieved from undersaturation or from supersaturation. Attempts at 

achieving equilibrium quickly using ultrasonic irradiation in the 

previous work (1) failed because of the heat evolved from the 

ultrascnic probe raising the solution terperature. The ultrasonic
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probe could not be used, therefove, to attain equilibrium from 

undersaturation, but it was found to be a very effective nucleator for 

supersaturated solutions. Supersaturated solutions were therefore 

nucleated by ultrasonic irradiation and then stirred. Three methods 

of measwrement of solution concentration were used: Specific gravity; 

refractive index; and weighing before and after evaporation of solvent. 

Specific gravity measurements were found to be the most 

sensitive although they were limited to measurements essentially at 

room temperature. This technique was used to study the effect of the 

impurities on the rate of approach to equilibrium of a solution ina 

jacketed stirred vessel held at 25.0°C. Aqueous solutions of 

ca. 17 mass % were made up and cooled to 25°C. Tae supersaturated 

solutions were nucleated, stirred and periodic measurements of the 

solution specific gravity showed that equilibrium for both Pure P.E., 

and Pure P.E. + 2.0% Di-P.E. solutions was achieved in less than 2 

hours. It also indicated an enianced solubility effect of Di-P.E. at 

this temperature of about 0.5 mass % increase for 2.0 mass % Di-P.E. 

Batch A (4.73% Formal, <0.1% Di-P.E.) solutions, however, nucleated 

and stirred in the same way took at least 8 hours to attain equilibrium 

and the valve obtained differed by about 0.1 mass % concentration from 

the value «btained from undersaturation. It was difficult to decide 

which was the actual equilibrium concentration as the values obtained 

overlapped according to whether they were approached from 

undersaturation or supersaturation. But it was noted that the 

presence of this 4.73% Formal enhanced the solubility at this 

temperature by about 2% compared with Pure P.E.
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This "overlap" phenomenon was further studied using refractive 

index measurements of nucleated, stirred solutions using an immersion 

refractometer capable of measuring concentrations of 0.1% P.E. with 

ease and estimating to + 0.05% P.E. The overlap of about 0.1% 

solution concentration was again observed with Batch A solutions 

approached from undersaturation and supersaturation, at 70°C and 80°C. 

However attempts to correlate the results using the 4 component 

system P.E. Di-P.Ee/ Formal /Water were unsuccessful and the results 

appeared to depend on the nucleation temperature, the degree of 

supersaturation, and whether the equilibrium was approached from 

supersaturation or undersaturation. 

The other method used for the determination of the equilibrium 

solution concentration was the more conventional method of weighing 

the amount of solvent evaporated from a known weight of solution. 

Supersatureted solutions were nucleated and stirred in a thermostatically 

controlled oil bath for about 12 hours. Approximately 10 cm” of 

solution was withdrawn through an immersion filter, weighed, 

evaporated in an oven, and reweighed. The method was unsatisfactory 

at high temperatures due to crystallisation occuring on transference 

to the crucible. Also readings were inaccurate due to the inherent 

difficuities involved in weighing hot liquid samples. 

The equilibrium results for the three methods of solution 

concentration measurement were collected and plotted as log x vs = 

where x = mass % and T = degrees Kelvin. A good agreement was found 

between the results for Pure P.E. with those of Cooke (75) who used 

P.E. of "better than 99.6% purity". A favourable agreement was also 
Pp ‘
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found with the results of the impure P.E. > 50°C. These results 

could be correlated by the equation (figure 3.2.) 

1266 
logio x= D.Ofe ae 

However below about 50°C the results for inm;ure PE. showed 

a marked deviation from the above correlation indicating an enhanced 

solubility compared with Pure P.E, although the scatter was too great 

to obtain any correlation for the impurity effect. 

5S. 2. Refractometer Calibrations. 

De2el. Reading Accuracy. 

In the previous work (1) the refractometers were capable of 

measuring solution concentrations to ca. 0.1% P.E. and estimating to 

ca + 9.05% PoE. The refractometers used in this work however were 

the more accurate Bellingham and Stanley immersion refractometers with 

an arbitrary scale 0 ~- 105 in intervals of 0.1 divisions 

(range np, = 1.3254 to 1.3664), This enabled concentrations of 

cae 0.025% P.E. to be measured (=0.1 divisions) and of ca.0.012% P.E. 

to be estimated. In order to take full advantage of these new 

refractometers a new calibration was carried out. 

The thermometers used were graduated in 0.1 deg. C and could 

be estimated to about 0.05 deg. C which was sufficiently accurate 

compared with the refractometer accuracy and the slope of the 

calibration curve (figure 5.2) 

The steam point and the transition point of hydrated sodium 

sulphate were checked for one test thermometer and +hié found to be
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within the reading accuracy of the expected values for total immersion 

of the thermometer. All thermometers used in the experimental work 

were checked against this test thermometer. The correction for partial 

immersion of the thermometers, as used with the refractometers, is 

shown in figure 5.1., the resuits having been found experimentally in a 

stirred cylinder of water by comparison of a partially immersed and a 

totally immersed thermometer. Also shown (figure 5.1) is the 

calculated correction obtained from the equation 

om 8b oe yee ° 8 

assuming qT, varies between 22° and 30°C. Whe.re qT is the mean 

temperature of the emergent stem; Ty = observed temperature °c; 

e! = 0.000156 (apparent expansion of Hg in glass); Solin length of 

emergent mercury column expressed in degrees; and y is the correction 

to be addea to To° 

As qT, had to be estimated, corrections, y, for converting 

TS to actual temperature are obtained by interpolating from the curve 

drawn through the experimental points. 

5e 20 2. Calibration. 

Batch D material containing 1.0% Di-P.&. and 5.5% Formal was 

used for the calibration of "impure P.E.". Known concentrations 

(% m/v) were made up by accurately weighing out (4 + 0.00054 ) the 

3 
required amount of P.E. and washing this into a 250 cm” pyrex 

volumetric flask. The volume was made up to 250 om? with distilled 

water taking care to eliminate air bubbles. The flask was warmed
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until the P.E. had dissolved and cell C was brought up to above 80°C. 

fhe hot solution was transferred to the cell and stirred at above 80°C 

to ensure dissolution of any nuclei formed during the addition of the 

solution. The solution was cooled while stirring at a rate of about 

1 deg. C/min and readings of the refractometer scale (S) and 

temperature (tT) were taken at intervals of about 0.5 scale divisions. 

Solution concentrations {c, % n/v) were used in multiples of 

2.5% for Batch D material and the experimental points plotted as 

observed, temperature Ty: vs Scale S are shown in figure 5.2. 

Interpolated data at 5 deg. C intervals of Ts from 20 to 75°C were 

computed to obtain isothermal correlations by the least mean squares 

method, the correlations found together with the standard deviations 

of the points are shown in table 2, appendix A. It can be seen that 

the second order polynomial, c =F + B.S. + G.s* fits the data well 

for these temperatures with an average standard deviation of 

cae + 0.04% m/v. Idinear equations could be used with little loss of 

accuracy at the lower temperatures but the standard deviation at the 

higher temperatures increased to ca. 0.09%. The second order 

polynomial was therefore considered necessary and sufficiently 

accurate for the present work. These calibrations were used with all 

the impure commercial batches of P.E. used. ‘The chemical analyses 

of these materials are shown in table 1, appendix A and are considered 

sufficiently comparable not to require individual calibrations. 

A general overall equation for use at intermediate ) 

temperatures which fitted the data well in the metastable zone was 

obtained, but being inverted it is necessary +o solve a quadratic in
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order to extract c: 

S = 20.3646 + 3.5622c 40.0002313 a ~ 0.1697 TS - 0.0035888 Pe 

where Ty is the observed temperature (°c), S is the refractometer scale 

of cell C, aud c is the solution concentration (% m/v). 

The standard deviation of this expression from the data 

points in the metastable zone is + 0.171 scale divisions, or 

cae + 0.04 % m/v. 

The calibration was repeated with purified P.E. <.0.1% 

Di-P.E., < 0.1% Porual) using solution concentrations in 5.0% m/v 

intervals. The number of points £ 40% were limitec due to the higher 

nucleation temperature of the pure solutions, so the impure P.E. 

calibration was considered more accurate below this temperature. 

The results were plotted as qT (°c) vs refractometer scale (S) 

(figure 5.3) and the isothermal data at 5 deg. C intervals of qo 

interpolated. These interpolated values were used to compute the 

first and second order polynomial equations, by the method of least 

mean squares. The results are shown in table 3, appendix A. 

It should be noted that all calibrations are in terms of the 

observed temperature 2 'C (i.e. partially immersed thermometer) and 

scale S (i.e. the refractometer scale of cell C). This was found to 

be the most convenient for use with the growth experiments, and 

corrections for partial immersion of the thermometer were carried out 

where necessary, gee
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§. 2e 3. Instrument Calibrations. 
  

The refractometer calibration in terms of % m/v P.E. was 

carried out using cell C with a 1B prism in refractometer No.602905, 

ie@. scale S. In pare to calibrate the readings in terms of actual 

refractive index to make them more universally applicable further 

calibration was necessary. The refractometer with the 1 B prism of 

cell C was calibrated against water (np at 20.0°C = 1.33300) and 

acetone (n.. at 19.4°C = 1.35890) and found to have a 1.20 scale 
GB 

division zero displacement, i.e. Scale S %& Zeroed 1 B + 1.20. 

All refractometers used on other apparatus were zeroed using 

distilled water and then readings converted to scale S using the 

equivalence table 4, appendix A. This then enabled use of the 

refractometer calibrations for conversion to P.E. concentration. 

Prisms used for the experimental apparatus are shown below:- 

  

APPARATUS PRISM 
  

Cell C Scale S = Zeroed 1B + 1.20 

Cells A and G zeroed A 

    
1 

Cell S and Fluidised bed apparatus Zeroed 1B 
a ome     

5e 3. Equilibrium Results. 
  

Dejol. Impure PE. 

In view of the anomalous results obtained with the impure P.E. 

in the previous work (1), where equilibrium values obtained from 

undersaturation and supersaturation appeared to overlap, this
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investigation was continued with the more accurate refractometers 

simulating growth experiments (section 7.2) by using the same total 

quantities of P.E. and water, and approaching equilibrium from 

dissolutio: of the P.E. No "surface reaction" of the type 

encountered by the integration of the molecules into the crystal lattice 

during crystal growth would be expected in a dissol:tion pesca 

It was often observed during growth experiments that growth apparently 

ceased some 0.5% m/v from the equilibrium concentration, and these 

"apparent equilibrium values" were dependent on the growth rate of the 

expeciment. Dissolution, however, is thought to be only a diffusional 

process, and equilibrium should therefore be attained more rapidly 

vhan from growth, without the inhibiting surface reaction effect. 

Tests were done primarily to find the equilibrium value 

relevant to a particular growth experiment and for this purpose the 

exact amcunts of solute and solvent are required to obtain the right 

impurity concentration. Batches D (1.0 % Di-P.E., 5.5% Formal) and 

F(X 0.1 % Di-P.E., 5.5% Forma) were used to find the effects with 

and without Di-P.E. respectively. All solut:ions in the seeded growth 

3 experiments were made up to 250 cm” total volune with distilled water 

at 20°C. The required mass of P.E. for the dissolution test was 

therefore found from the equivalent initial growth vun concentration, 

Com n/v, (.c. = 2e0.Xx c,} and adding the seed mass used for 

that particular growth test (usually 2.0 g). 

os Mass of P.E. = 2.50 c, + Seed. 

The required volume of water to simulate the growth experiment
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is then found from 2650 cy 
Vi = 250 1239 cm 

where 1.396 is the P.E. density. 

The exact weight of P.E. was washed into cell S held at the 

required temperature using the measured volume of water required (Vem). 

The mixture was stirred and readings of the refractometer scale against 

time were taken after the solution attained the temperature of the 

experiment (this usually took about 20 gin The readings were 

usually found to go through a maximum before attaining an equilibrium 

value. This was studied in more detail at 60°C. The results are 

shown in figure 5.4. Batch F with €0.1 % Di-P.E. is shown to 

attain a markedly enhanced solution concentration initially which then 

decreases slowly to an equilibrium value. The enhanced value obtained 

and the equilibrium value were both found to depend on the solute 

concentration present (cf.D.F.2 and D.F.3.). However with 

Batch D containing 1.0% Di-P.E. the degree of initial enhancement was 

very much reduced and the equilibrium value was attained very much 

more rapidly. Again the equilibrium concentration was found to depend 

on the total P.E. concentration present, but it was found that the 

equilittium value attained was the same for both Batches D and F for 

equivalent total P.E. concentrations. It was therefore decided to 

use Batch D for all equilibrium concentrations required. 

An isothermal dissolution test was therefore carried out, 

D.F.4, a repeat of D.P.2, by first warming the water to the test 

temperature and then adding the P.E. Rowdies a very similar result 

was obtained to D.F.2. As the P.E. could not be washed into the 

‘



FIGURE 5.4. 

ATTAINMENT OF EQUILIBRIUM OF 

IMPURE P.E. SOLUTIONS aT 60°C = =f tee 

Tcict 
er ie ‘ 

-- BATCH F (€0.1% Di-P.E. + 5.5% Formal) — 
\ GI D.F.2 23.0 Total P.E. Mass % 

\\ X D.F.3 26.0 Total P.E. Mass % 

+-+ 

10. 

TI
ME

 
(h
) 

  
1.0 

ATCH D (1.0% Di-P.E. + 5.5% Formal) — ‘|: 
D.D.4 26.05 Total P.E. Mass fe 
D.D 25.65 Total P.E. Mass Jo 

D.D.7 22.15 Total P.E. Mass % 

Ost TH 
68.0 690 = 70.0. <3 72.0 72.0 so 0 . 

REFRACTCMETER SCALE S$ e er



- 75 « 

cell with the isothermal test it was not as accurate as the previous 

method and dissolution tests were continued as before using Batch D 

material to obtain equilibrium quickly. At the lower temperatures 

this concentration enhancement was greater than at 60°C (for Batch D) 

and the maximum values attained (where recorded) are given in 

table 5, appendix A. 

The equilibrium values obtained at 60°C, recorded as 

refractometer scale S, are plotted ys total P.E. % mass fraction in 

figure 5.5. Other values of the equilibrium scale, for use with the 

growth rate experiments at this temperature have been interpolated. 

The equilibrium results for all the impure P.E. dissolution tests are 

shown in table 6, appendix A. As the equilibrium values depend on 

the amount of P.E. present the results for an equivalent initial 

growth run supersaturation of about CG De 4% (the usual 

supersaturation used) have been plotted in figure 5.6. It can be 
‘4 

seen that below about 48°C the results are greater than that expected 

from the Log, ox vs “3 ctrrelation. The results > 50°C only, for a 

; a a supersaturation of about 44 c = =4%, were correlated using a least 

mean squares analysis by the equation: 

10836 x = 5,073 ~ 1265 
et 

where x = equilibrium concentration mass %; T = degrees Kelvin. 

be 3e 2s Pure P.E. 

Although results in the previous work (1) were in good 

agreement with Cooke's data (75), a more accurate determination was
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necessary for use with the more accurate refractometers used in this 

work. At first dissolution tests were done as for the impure material 

but the equilibrium results obtained were found to apparently depend on 

the amount of material used, which was iauiott cabs. 

A method was devised, therefore, carried out on the same 

samples as used for the Pure P.E. calibration, using the nucleated 

solutions and approaching equilibrium first by growth at one 

temperature and then by dissolution. at a higher temperature. ‘This 

was done by lowering the solution temperature after nucleation to the 

nearest decade (e.g. 70, 60°C etc.) and utilising the high surface 

area of the prolific nuclei tormpidly deplete the available 

supersaturation. After equilibrium was attained the temperature was 

raised and the equilibrium values at higher temperatures obtained by 

dissolution. By repeated tests from growth and dissolution at 

different temperatures using the calibration solutions (at 5% 

concentration intervals) it was shown that the equilibrium value was 

the same approached from growth or dissolution and regardless of the 

amount of P.E. used. The original dependence on the amount of 

material found in the early dissolution tests was thought to be due to 

an "Ostwald ripening" effect, i.e. an enhanced solubility of fine 

particles (section 2,1.). This was likely as the Pure P.E. used was 

finely ground with a pestle and mortar for easy handling, creating a 

lot of fine material. Whereas the nucleation tests would produce 

a fairly uniform macro-crystal product. 

The results are shown in table 7, appendix A, and have been
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correlated using a least mean squares analysis (figure 5.6): 

10819 x = 4.980 = 1242 
T 

where x = equilibrium concentration, mass %; T = degre gs Kelvin.
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SECTION SIX 

EXPERIMENTAL AND COMPUTATIONAL METHODS 
  

6.1. Shape Factor. 
  

As there is some discrepancy in the literature on the crystal 

structure of P.E., it was thought necessary to grow and measure 

single P.E. crystals and to show the effect of the occasionally 

occuring (001) faces and of the impurities on the shape factors. 

Figure 6.1A shows 2 sketch of a P.E. crystal with the indices of the 

main faces marked and also of the minor ones which sometimes appear. 

6. 1. 1. Measurements on Pure P.E. Crystals. 
  

There was little difficulty in growing P.E. crystals on the 

end of a wire in mother solution which was chromatographically pure, 

and measurements were made on crystals of ca. 0°25 inches grown under 

various conditions of super saturation and temperature. These 

crystals were transparent and often had a slightly rectangular, as 

opposed to square, bipyramid base which resulted in rectangular (001) 

faces which were often observed. When the (001) faces were absent 

these crystals then had knife edges at their tops and bottoms. The 

(110) faces were hardly ever observed and the (100) and (010) and (111) 

faces, although theoretically possible, were never observed. It was 

assumed that trace impurities were the cause of these erratic 

occurrences. 

A typical crystal grown in "pure" P.E. at 60°C is shown in
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FIG. 6.1.4: PICTORIAL PROJECTION 
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      FIGURE 6.1. 

PROJECTIONS OF A 

PENTAERYTHRITOL CRYSTAL 
  

(Nominally pure, grown at 60°C)   
Tetragonal bipyramid (class 4/mmm) 

2nd. order {h0l1} 

Appearance as seen by 

microscope showing true 

shape of one face
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Figure 6.2. The departure fromsquereness of the base was + 1.2% and 

c/a = 1°39 + 205% (ie. 12356 to 16426). This gives the lengths of 

the pyramid edges as 0-99,and the (normal) angle between the (101) and 

(101) faces as 71°5 + 193°, For practical purposes and within 

experimental error the crystal may therefore be considered to be of the 

cubic system section 3. 1., with the (100) faces taken as true 

equilateral triangles with the normal angle between any two faces of 

70°53°., This has been done in Figure 6.1B which also gives the 

erystal lying in its stable position as it would appear under a 

microscope: i.@. a regular pentagon of unit size across the pyramid 

base and 1°154 units across any pair of opposite corners. 

6.1. 2. Impure P.E. Crystals. 

When crystals grown from impure (Batch C) P.E. were examined 

under the microscope there was no apparent departure from the square 

base bipyramid shape. Crystals larger than ca. O-1 mm of good quality 

were rare and the faces of these usually appeared to have smaller 

crystals growing from them (as opposed to simple agglomeration). This 

is presumably due to faults in the lattice caused by impurity 

inclusions.» An attempt to grow an impure crystal to reasonable size 

proved to be very difficult; the product was always opaque and it was 

not possible to prevent prolific outcrops of small crystals from the 

faces by temperature cycling. 

6. 1. 3. Shape Factors. 
  

Taking the characteristic crystal dimensions, £ » as the
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length of the pyramid base, (Figure 6.1B), then for the ideal crystal: 

crystal volume, %, Pec) x. on7te 2.7 
a 

SIRF es Lele © ul crystal surface, .; 

For the crystal Figure 6.2, allowing for the missing points(which 

average ca 0.124 at each end of the c - axis): 

(0.4714 - 0.0023) £7 tt crystal volume, ‘ 

i 0.4691 £L° 

(3.4644 - 0.0822) ZL * crystal surface, a, 

3.4222 is 

Hence the missing points caused by the (001) faces represent 

0.5% of the "ideal" crystal volume and 1.2% of the surface area. 

As this error is variable but small, shape factors will hereafter be 

based on the ideal crystal. 

The Volume shape factor, @ , will be defined by: 

inl ate ee? 
P = 

Then 11 g fs: O47 14. 

o. 
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The Area shape factor, @ , will be defined by: 

veut ee - 
p 

Then 1, 6» 36k 

@ = 1,101 

6. 2. Size Analysis. 

The Coulter Counter size analyser as used in the previous work 

(1) proved to be a useful method of size analysis. The basic 

assumption in its operation being that if the particle diameter is kept 

<40% of the orifice diameter, then the electrical response due to the 

particle is directly proportional to the volume of the particle. 

However ,in fact it is shown, section 6.2.1.2, that a significant 

correction is necessary depending on the particle / crifice diameter 

ratio even below the stipulated limit. It is also shown in 6.2.1.2. 

that the effect of the particle shape is very small, and the error 

involved in obtaining an equivalent spherical diameter for attrited 

seed crystals from a stirred growth cell due to variable shape factors 

is considered minimal. This instrument also had the advantage of 

being able to measure small samples of suspension without the need for 

filtration of the suspension. However for crystal products it was 

often necessary to examine samples to determine the amount of 

agglomeration, and in the event of secondary nucleation or excessive 

attrition to obtain a size analysis over a wide range. For this 

purpose an Image Shear Microscope was used. As this involved a 

visual measurement of some chosen characteristic dimension the method
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was unsuitable for attrited seed crystals with morphological variations. 

The Coulter Counter size analyser was therefore used for seed crystals 

and the Image Shear Microscope for product crystal measurements. 

6. 2. 12 ‘The Coulter Counter size analyser. 

6. 2. 16 16 Description. 
  

The Coulter Counter determines the number and size of particles 

suspended in an electrically conductive liquid by passing a measured 

volume cf suspension through a small orifice having an immersed 

electrode on either side of it. 

r ORIFICE 

  

Corsider an element of cross-sectional area, a, thickness gt ’ 

of a particle length 2, as it is orientated in the axis of the 

orifice. Then the change in resistance BA R, due to this element is 

given by ( 83'): 

Gan, Ast /f ee 

  

A 

where Ay is the orifice area normal to the flow axis, and £Y if is the 

electrolyte resistivity. 

The basic assumption of the Coulter Counter principle is that 

if the particle diameter is kept <40% of the orifice diameter then the
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electrical response can be considered to be directly proportional to 

the particle volume, A 

1.6, JOR. Sos cwccee 6.2. 

A 2 
c 

  

and an equivalent spherical diameter eee can then be calculated, 

The necessary correction for this simplifying assumption is shown, 

section 6.2.1.2. 

As the particles pass through the orifice the voltage pulses 

they produce are amplified and fed to a threshold circuit having an 

adjustable threshold level. If this level is reached or exceeded by 

a pulse, the pulse is counted. By pre-calibrating the threshold 

circuit and taking a series of counts at selected threshold levels, 

data are obtained for plotting a cumulative size distribution. Before 

plotting the counts are corrected for coincident particle passages and 

for the background count due to the extraneous particles already 

present in the electrolyte. To keep the coincidence corrections at 

a moderate level it is necessary to have a very high dilution. For 

the P.E. crystals counted this was found to be approximately 0.01g of 

crystals in 250 em? of electrolyte. The electrolyte used was first 

filtered through a op porosity Millipore membrane filter to keep 

the background count as low as possible. An aqueous saline solution 

saturated with P.E. at 25°C was used as electrolyte and the calibration 

done over a temperature range of 14°C to 25° (appendix B ) to allow 

for room temperature variations.
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6.20102. Particle Size Effect. 

The simplified integration of equation 6.1.to give equation 

6.2. gives rise to an error dependent on the particle size and shape. 

Allen (84 ) has shown that for a rod-shaped particle integration of 

equation 6.1. gives: 

9c 2 
AVR Soe ASN Vv ae | eroo00 6.3 

A 
ee c 

A im 
c 

where’ yi is the volume of the rod fo, = 2a). 

The true equivalent spherical diameter, D, of the rod given as 

Do 4Op with a 100: orifice (i.e. the 40% diameter ratio limit) is’ 

therefore 3761p, iene. 7.8% errcr. Similarly for spherical 

particles Allen (84 ) showed an error in D of 3.6% at the 40% diameter 

limit with the 100, orifice dicmiear tube. The following adjustment 

is therefore made to the calculated Coulter Counter diameter Ds to 

allow for the size and shape of the P.E. tetragonal bipyramid crystal. 

Two possible crystal orientations were considered: 

ORIENTATION A: Pyramid Base perpendicular to Orifice Axis. 

  

Lt 
r& eS ee 

| 
ii 
ic 
tse rae! ee ORIFICE pe es Sot | re AREA A 
gt Or Os ecient |S 
pe Fa 
£0,707 L'
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Consider an element of side h, area a, and thickness 50 

perpendicular to the orifice axis at a distance y from the pyramid base. 

  

  

  

  

era me ¢. 
Z 0.707 £. 

Se Cul £ 
0.707 

a = n° = Z -~ oe . 
0.707 

£. 0.7074. 
From equation 6.1 AR = -2 oft. né ag 

ae eee 
Cc. anette sc 

L20 A, 

b.0.707L. 
2 

ieee AR= = Oat: (aes ak 
5 O2707 

4 f 
¢ re) 2 

.* (Z - ee, 9072 

A 
Cc 

Z. 
2 

\ 

z 1+ yi 

ie Lire ee ee ale 0.707 A, £, Ay ) 1.414 AL eeo 6.4 

ae 1. fe /  
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and equating with equation 6.2 

  

2 
2 eo %i = 0.707 AG By 1 de 1.414 AS eee 635 

oo ae 
  

" >
 

5 

P
a
 

a)
 

+
 ™
 

ee vo + L414 AL 

gy yee 2 c 

0.707 aS cee i 

  

Put Y= v + 14bad 
Cc Cc 

  

  

  

e] 
0.707 , 2 

[o] 

> 3 Vs Oe 
Then Ve ee, fe a 

2} 31 Jae 

  

a 
| 

As Xi = if D » the solution of this equation for any given 

a: 

D, and orifice area A, is conveniently found by computation of the 

Newton-Raphson approximation method ( 85 ). ‘This involves equating 

the function to zero, differentiating the function, f'Z. , and 

obtaining the more approximate solution Z(2)$rom £(2)=£0). 2K} 

t'(d) 
In this case the initial Z tried is the original Coulter Counter



diameter a which serves as an approximate solution. The polynomial 

ig tamminated atthe 9° tern. 

  

  

1 + L ya 8 

Hence f (2) = Je win ts a ee eee pk 

ay © 21 8: 

V4e 

If B, a constant = LeHl's Ay 

2 
0.707 A z 

c 

2 

WY). SE Sh ES eH £'(Z) = os “Bom 6 (35) 9 seeeef2) 2 

cp Te 
Bie) iL) oe 

  

which is repeated until ( L001 yp. The computer program 

for a 280 orifice to find . from values of Dy at 12 intervals is 

shown appendix C. 

Hence assuming b = 10.900 

$ 
D, the true equivalent spherical volume diameter = (0.200 2?)
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ORIENTATION B: Pyramid Base parallel to Orifice Axis and one 

edge perpendicular to it. 

  

  

    

4) 
eae 

Pe ORIFICE 
‘ <1 AREA A 

* Cc 

We Zo 
& >     

Consider A Quarter segment of the crystal; with the origin at the 

h 

  

" ° ° 
i
n
}
 3 “3 ™ e bs rt 

  

we 0.707 

ret & 

ee Sn = 2.828 i” 

    

Be go 0,007 Lor: = Cheb



  

  

  

  

  

fo 3h 
From equation 6.1 BR = —~o Dee a af 

2 1-— 
ie c Lio 

5 ele 
SOP in ee 0.0L. - 2:28 8% <a) 

aS - (0.707 £.2 - 2.828 22) 
: 0 Ay 

vs AR pet kee Peo = AL + S canes tle gh ae 

ue oc Ae at " oy 
Os707 £6 te 0.7074 “7 

and equating with equation 6.2: 

2 
A 

a ee . tan”? { 
c c cece tna ne 

sf 0.7074] —-——5 - 1 —— = -1 
0.707 Z. Jo.7074. 

eeoo0o 6.6. 

3 
As v= Ir De the solution of this equation for any given 

D, and orifice area Ay is again ¢onveniently found by computation of 

the Newton-Raphson approximation method as used with Orientation A. 

  

4 ‘ 

Hence £(L) = 0.707 Vf Be etek) © 06707 L. © fae 3 
Cc p 0 7074.° di 

ae 0.7L, x, ; 
Cc 
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0.707V - A A - 6) : : of c oe Wl. ae 

yr? 2 
0.707 7° we \ Ac sath 

Tee RG. | RIT ie eo cn 0.707 £.7/ 10.7074 o sae 

1 in a + -( —s -1 
£ \ 0.7074. 

which reduces to: 

A : (ge 
ee! 0.707V 

-1 c L > eye 0.707 Le ra Sarat: 1. bd 

A 2 
. = 1 

0.707 707 2 

if D, is put as the initial approximate solution for L 

bate So). £ (Ly 
e (L) 

which is repeated until _ (L) és - 
i 

t'(L) 
The computer program, 4, for a 280 pr orifice to find Z. from values 

of De at + intervals is shown appendix C. D can again be found 

from 4 
D = (0.900 £3 

The comparison of corrected sizes using Orientation A and 

Orientation B respectively, with the ey orifice, is:
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ORIENTATION A ORIENTATION B 

  

  

          

eee he) ? i} ? 
10.0 10.33 9.98 10.36 9.99 

50.0 51.34 49.57 51.37 49.60 

100.0 100 03 96.58 100.27 96.81 

150.0 143.36 138.66 L454 139 56 
  

  
As would be expected from the theory the variation of D from 

D, becomes more significant at the larger values of the ratio 

particle diameter, D, / orifice diameter De Similarly the larger 

this diameter ratio, the greater the difference between orientations 

A and B. 

Because of the difficulty of growing a large perfect P.E. 

crystal it was decided to use a perspex model crystal in oil to 

simulate conditions of a small P.E. crystal in electrolyte, in order 

to find the stable orientation of a settling P.E. crystal. 

For a P.ih. crystal or »D = 0.01 em. 

Terminal Falling velocity, uw = 0.2 cm/s. 

Bae One x OCOL x 150 

0.01



=. 92 w 

Simulation with large model: 

2/ i 981 oP s/f) 

18 

wy 
. = 0.00367 

If a perspex model crystal is used (° = 1.2 

If Shell Voluta Oil 45 is used at about 70°F 

4.13 Poise [oe 0.906 g/om? 

. 4 
a 

Zs 
0.00367 x 4132 

(1.2 - 0.906) 0.906 
  

= 0.62 CMe 

Due to the acceleration conditions in a stirred beaker during | 

a Coulter Counter size analysis, the crystal/solution relative 

velocity will be greater than Uy and therefore Reynolds number will be 

rather larger than 0.2, permitting a slightly larger model crystal. 

A perspex model crystal was made having a pyramid base length-
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£ of about l cm. Each pyramid was painted a different colour and 

the model repeatedly and randomly dropped into al am? graduated 

cylinder filled with Shell Voluta 0i1 45. The model invariably 

orientated on settling into the stable orientation B, with the pyramid 

base parallel to the cylinder axis. 

Corrections for D, were therefore computed for each of the 

Coulter Counter orifices used i.e. ays a, and a ps using the 

Orientation B program, 4, with the appropriate Ac values. The results 

are shown Tables 15, 16, 17, appendix B. 

6.2.1.3. Discussion. 

Allen (84 ) did considerable work on the accuracy of a Coulter 

Counter. Investigation of the coincidence correction showed a 

tendency to overcount at low dilutions for counts of less than 5% of 

the maximum permitted count for 10% coincidence. However on a 

numerical basis the error was small. Edmundson (86 ) suggested a 

more accurate method of coincidence correction, but this involved 

serial dilutions of the sample at every threshold level, for each size. 

analysis. The theoretical improvement of accuracy was thought 

unlikely to compensate for the practical errors involved. Allen (84 ) 

has also criticised this method on the basis that the linear 

correlation assumed is not necessarily correct. The coincidence 

correction method of Mattern (87 ) recommended by Coulter Electronics 

Ltd. is therefore used with the appropriate dilution limits. 

Allen (84 ) showed a discrepancy of experimentally determined 

F, factors with those published by Coulter Electronics (83 ),.
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Lines (88 ) considered this to be a result of experimental error and - 

also a symptom of a badly adjusted set, which seemed to need a zero 

adjustment of 2 or 3 threshold divisions . This was also indicated 

by the fact that Allen showed a variation of F factors with Gain 

setting which is not feasible. Iines considered the published Fy 

factors to be accurate to better than 1%. As the model A Coulter 

Counter used was regularly serviced, the published 3 factors were used. 

\llen further found that the thermal effects during analysis 

and tackground noise made a lower size limit of Gey or even higher, 

impossible. This had also been experienced in the previous work 

( 1 ) when it had been found necessary to switch off all external 

electrical motors in the vicinity. The Coulter Counter was therefore 

placed in a metal cabinet, figure 6.3, which acted as an effective 

shield from external interference. 

In the previous work ( 1 ) an ultrasonic probe was used for 

semple dispersicn. ‘his had been compared with shaking the sample and 

dispersing in a paste with a brush and found to give reproducible 

results for Batch A seed crystals. This method was further 

investigated with Batch D seed crystals, 1.0% di-P.E., and found to 

cause crystal attrition. A comparison of stirring and ultrasonics, 

table 18 , for various degrees of agitation and for various periods 

of time showed an increase of the amount of attrition with both time 

and power using the ultrasonic probe, but a good reproducibility, 

regardless of time or stirrer speed, using a marine impeller type 

stirrer. Stirving was therefore used for sample dispersion for all 

Coulter Counter size analyses throughout this werk, and the ultrasonic



  

FIGURE 6.3. 

THE COULTER COUNTER PARTICLE SIZE ANALYSER 
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disperser dispensed with. 

Size analyses of three samples of Batch E prepared seed deve 

fraction 89 - 105 are shown tables 19 , 20, 21, appendix B, 

The collected and averaged sample analyses together with the corrected 

diameters are shown table 22 . It can be seen that the maximum 

deviation of 2.No % x D from the average is about 7% and the maximum 

deviation of >No % Xx ve from the average is about 12%. Hecause of 

the practical difficulties involved in using a two~tube technique, as 

in the previous work (1 ), with small seed crystals, a larger seed 

size was in general used throughout this work. The collected size 

analyses of seed materials after attrition at 2000 r.p.m. in the 

stirred cell C are shown table (24). A size analysis comparison of 

Batch C seed after attrition in cells A and C at different stirrer 

speeds is shown table (23). Collected size analyses of seed 

materials used in the modified fluidised bed experiments are shown 

table (25), and some crystal product size analyses are shown 

table (26), after growth in the stirred cell C. All these respective 

size analyses are the averaged result of three samples analysed with 

the Coulter Counter, each sample itself being the averaged result of 

three samples. 

Calibration of the Coulter Counter, diameter corrections and 

all size analyses are shown appendix B, 

6.2.2. The Image Shear Microscope. 
  

The Image Shear Miscroscope described by Dyson ( 89) is an 

attachment which may be fitted to any microscope eyepiece and contains
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two prism blocks which are rotated with respect to each other about a 

vertical axis by means of a micrometer drive. This results in the 

image, as seen through the eyepiece, being split into two complete 

images which may be sheared across each other in any direction by 

operation of the micrometer drive. The amount of shear involved is 

strictly proportional to the micrometer reading. If the two images 

are set edge to edge, the shear is proportional to the distance across 

that particular axis of the object, and can be calibrated using a 

microscope graticule. As this is only an eyepiece modification no 

restriction is placed on the method of microscopy or the magnification 

used.e 

A size analysis with the image shear microscope involves 

measuring a characteristic dimension for a number of particles. 

Figure 6.1B shows a P.E. tetragonal bipyramid crystal lying in its 

stable position as it would appear under a microscope. A convenient 

characteristic dimension is the size across any pair of opposite 

corners, = 1.1542 where £ is the length of the pyramid base. 

This is then readily converted to the equivalent spherical volume 

diameter, D, using the shape factor % = 0.900. 

$ 
Tren =D = (0.300 at) 

‘To avoid selective sampling of good crystals, the microscope 

slide was moved at regular intervals under the microscope and all 

crystals under each view measured until a total of 50 had been counted 

for that particular slide. The slide sample was then renewed and the 

procedure repeated for four slide samples until a total of 200 crystals
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had been sized. The calibration of the micrometer scale with a 

microscope graticule showed a linear relation over the range of the : 

scale of 2.28 micrometer scale divisions = 10.0 pe 

Size analysis of attrited seed used for the stirred cells 

showed a poor agreement with that done with the Coulter Counter. This 

was attributed to the morphological variations caused by attrition a 

constant shape factor being essential for this method of analysis. 

However reasonable agreement was found . with the product of pure P.E. 

growth with little attrition, and the results of the product size 

analyses done are shown tables 27 , 28 , appendix B. 

5s: 3. Fluidised Bed Experiments. 
  

6.3.1. Preliminary Fluidisation Experiments. 

The apparatus is described in section 4.2.1. The temperature 

control units were switched on: 1.C.2 being set to the required test 

temperature and T.C.1 to a temperature found from experience, which 

depended on the setting of T.C.2., the ambient temperature and the 

flow rate to be used in the particular test. The apparatus which 

contained diluted solution from a previous test took about 1h to 

reach equilibrium and T.C.1. was then adjusted until the thermometer 

T.I. indicated the same temperature as T.C.2. ‘The dilute solution 

was then purged from the system and made up with fresh concentrated 

solution until mother liquor of the required temperature and 

supersaturation (indicated by the refractometer) was obtained. 

A known weight of carefully sieved seed crystals (prepared in small
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batch crystallisations) was added to cold saturated solution in the — 

feed funnel and the slurry quickly run into the crystalliser. ‘The 

superficial velocity was usually of the order of 0.2 cm/s, representing 

for most seed sixes a very high degree of fluidisation (Figure 3.5. ). 

However agglomeration of the growing crystals always occured and 

complete solidification of the bed had to be prevented by fitting the 

downcomerwith a flexible seal and knee joint which could be used to 

break up agglomeration. After a suitable time depending on the 

temperature and supersaturation used the bed was dropped out of the 

crystalliser onto a Buchner filter and immediately washed with acetone. 

The product was weighed and examined. The size of the seed and 

product crystals was measured with a vernier microscope as the Image 

Shear Microscope was not available at this time. The characteristic 

dimension measured in this case was the distance across the crystal 

pyramid base, i.e. Z.. ‘The average of 10 crystals was taken in each 

case with a standard deviation of the seed from the average being 

about 7s This was considered reasonable as the vernier only read to 

10 pe The increase of bed mass was usually a more accurate method 

although it was often difficult to remove all the bed from the 

crystalliser. 

6.3.2. Fluidisation experiments with modified apparatus (section 442.3) 

6.302e1. Procedure. 

T.C.l.e was set to a temperature about 20°C above the required 

cell operating temperature. ‘The system was filled with distilled
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water and the glass taps set for flow through the appropriate rotameter. 

T.C.2. was set to a temperature slightly above the required cell 

temperature, and the immersion pump then switched on. The pump was 

controlled with a voltage regulator to give the estimated velocity 

required for fluidisation, indicated by the rotameter. The magnetic 

stirrer and hot-plate were switched on and controlled to give 

sufficient supplementary heat to the feed vessel to maintain the feed 

in an undersaturated condition about 15°C above the cell temperature. 

The heating tape on the transfer lines was then used as a fine control 

of the temperature in the cell. When the conditions were set with 

distilled water, the system was emptied using a vacuum pump and the 

hot undersaturated solution poured into the feed vessel. This 

solution of known concentration having previously been prepared in a 

2 litre pyrex graduated flask. 

When temperature conditions were stable with the circulating 

solution, the pump was stopped, the jubilee clip on the outlet line of 

the cell closed, the rubber bung removed and the seed crystals poured 

into the cell. The pump was immediately started and the heating 

tape temperature raised to compensate for the cold crystals. The 

bed was fluidised for a specific time with any hint of agglomeration 2 
a att 

being removed with the probe. As the crystals grew, the solution 

velocity had to be increased to maintain fluidisation, and each change 

in solution flow necessitated a corresponding change in heat input 

with the heating tape to maintain the cell temperature. 

At the end of a run, the pump was stopped, the inlet and 

outlet lines to the cell removed and a vacuum line applied to the
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inlet cone to remove the solution. The jacket connections were then 

removed, the jacket drained, acetone rinsed and finally air blown to 

dryness. The cell complete with crystals wet with the mother liquor 

was then weighed. The cell was dried for 24 h in an oven at 100°C 

and reweighed. This enabled the weight of the solid due to the mother 

liquor to be calculated and knowing the weight of the empty cell, the 

crystal product weight derived. The rate of mass increase for this 

particular supersaturation and temperature is thus calculated. As the 

initial size distribution is known from a Coulter Counter size analysis, 

this can be converted to linear growth velocity, g, as shown below. 

6.3.2.2. Analysis of Results. 
  

In the previous work (1) it was assumed that for a group of 

crystals of narrow size distribution, the average crystal size equals 

the size of the crystal of average area, which also equals the size of 

the crystal of average weight. 
4 

(4 ever 
///%°, Assuming a constant shape factor throughout growth: 

However, this is invalid for a crystal size distribution. 

Although a narrow sieve fraction of seed crystals was used with a sieve 

aperture ratio of approximately 1.19, a more accurate size analysis is 

obtained using the Coulter Counter size analyser . 

McCabe's A\ Zlaw (53 ) states that if a known mass of seed
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crystals of known size distribution is grown under given conditions of 

supersaturation, then the size analysis of the product is given by: 

M1) A > 
M(2) = ( * * as a M(1) 

Or 

where M(2) is the product mass obtained from M(1) seed, D(1) is the 

seed size and f\ D the increase in size. The assumptions made are 

(a) a constant shape factor throughout growth and () the crystal size 

has no effect on growth rate. 

For the present study the assumption of a constant shape 

factor appears reasonable. If, however, the rate of diffusion to the 

crystal surface controls the growth rate process, the variation of the 

relative crystal/solution velocity throughout the fluidised bed with 

crystal size distribution would cause a faster growth rate for the 

larger crystals, making this law invalid. As the preliminary 

experiments in a fluidised bed indicated integration rate control 

under the conditions examined, integration rate control will be 

assumed for these experiments in order to apply McCabe's Ad law to 

obtain a more accurate growth velocity, g, for comparison with the 

stirred cell experiments. 

From the Coulter Counter size analysis, the % No (J) of a 

mean equivalent spherical volume diameter D (1,J) is obtained for the 

 erystal seed size distribution J, where J = 1: P, the number of mean 

diameters in the analysis. 

Volume of a crystal of diameter D(1,J) = ae x D(1,3)? 

Total volume of seed = M(1) 

a
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e’. Actual No. of crystals, No.(J), of diameter D(1,J) 

ee Noa) x M (1) eee 
ie x ,fitosts) ta x (2,3) ) 

M(1) = af x No.(J) x = x D(1,5)? dedaleed = Dat 

Now assuming McCabe's ZA Zilaw, and that no attrition or agglomeration 

occurs during growth: D (2,J), the product size = D(1,J) + AD 

M(2) = oy. ( x No.(J) xe x {D(1,J) +O) 

. M(2) = M(1) “fe assays Ge + A)’ - d(1,1) \, - 

ok non(2d{ (oa + Ar)” 3 nc,2)?} eee 

3 3 
cans oe Conte + A») - nase? | ee 6.9 

= (© x B| ov > No(J) + 3 Av > (rots) x D(1,J) 

+ 3ADd> (tit) x nan) | Syst 6.0 

= 2 No.(J) 

Ra > (s x No.(J) x (1,3) 

> G x Now(J) x (2,999) 

M(2) = M(1) 

Pols 
[= ae 

men (0s)? +2(00F + x(x) ~ ¢ 

Tet Ge
 

+ uw 

e@seo0e000 6.11 a So
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This can be solved for AD by the Newton-Raphson approximation method 

where #( D) = Equation 6.11 

Then t'(Ap) = 3 u(h)* + 2 n(A») RY. ay oo Gale 

Try as a first approximation ASD = 0.0001 cm. 

£ AD 

e'AD 

accurate, and D(2,J) = D(1,J) + 4D for each seed diameter. 

it is less than 0,0000001 cm, the solution is sufficiently 

Otherwise a more accurate solution A D(2) is obtained from: 

f£{AD 
Apvd(2)= Add) - #(6) where £\D(1) is the previous 

es) 
value. The iteration is repeated until the required accuracy is 

obtained. 

The growth velocity of a crystal face, g, is then obtained 

from: : Ap 

; 2(A t) 

where /\t is the time of the experiment in minutes. 

In order to find a rate constant, Km, for the rate of 

crystal mass increase it is necessary to know the mean area during 

growth. This can now be obtained as the final size distribution is 

known: ee 
be 

Volume of a single erystal, v..= IT 6 ZL? oe py 

: P a a Be 

D 
ws oe



  

PROGRAM 1 : 

START 

[PROCHDURE AREA(Z ] 

  

CRYSTALLISATION IN A FLUIDISED BED 

  

  

  

  
  

  
    
  

    
  

  

  

PROCEDURE AREA(Z) 

  
  

  
  

  

  

  

  

  

  

  

    
    

  

  

  
D(2,J) = D(1,J) + AD 
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Surface area of a single crystal, ay rel? 

re ov 

é 
For a tetragonal bipyramid crystal of P.E. © = 1.181 

é 

-’e Total Seed Area, A(1) = >t *-1.26): x No.(J) x® (37)* 

Total Product Area, A(2) = Ir e420. x: Now (Ed): xD (B25)% 

Mean Area, A= A(1) + A(2) 

2 

As the mother liquor concentration, c, can be found from the 

refractometer reading and calibration, the rate constant Ki can be 

found from dm= = KA A {c ~ C0) assuming a first order integration 
dt 

rate. Co is the equilibrium concentration. 

The computation of this analysis of the fluidisation results 

is shown in computer program 1 (appendixC ) written in Elliott 803 

version of Algol @. 

6.4, Stirred Cell Experiments. 

6.4.1. Introduction. 
  

In the previous work (1) growth rates were obtained by 

following the deérease in concentration of seeded solutions by 

refractometry. Some preliminary results with nucleation tests seemed 

to suggest that the growth rate was dependent on seed source. This 

was thought to be due to the possible variation of impurity partition
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coefficient with temperature and hence a variation of seed impurity 

concentration. A simplified method of studying this phenomenon was 

tried by cooling a hot solution until nucleation occured, then stirring 

the suspension at this temperature, following the growth of the nuclei 

with the decrease in concentration of the solution. The product was 

discharged into acetone, filtered and size analysed. A mono-sized 

product was expected from the growth of the udted which would enable 

a growth rate constant to be calculated. However, size analysis of 

the product with both the Image Shear microscope and the Coulter 

Counter showed not only agglomeration of the crystals but also a 

surprisingly wide size distribution. This was attributed to 

non-instantaneous nucleation of the solution. Attempts to avoid this 

product size distribution by cooling the mother liquor into the 

metastable zone and inducing prolific nucleation with an ultrasonic 

probe, and also by adding a small amount of the dispersant NONIDET P40, 

were unsuccessful. 

6.4.2. Seeded Solutions. 
  

Because of the possible sensitivity of P.E. growth rate to 

seed impurity concentration, care was taken to record conditions of all 

seed preparations. It had been found in the previous work (1) that a 

better quality seed containing many discreet well formed crystals in 

the lower size ranges was obtained by controlling the growth temperature 

in the preparation and washing the product with acetone. In general
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this was done with the material to be used for the growth rate 

experiments and a 30% m/v solution was cooled to the nucleation 

temperature and stirred at this temperature for 3h. The resulting 

crystals were filtered, acetone washed and dried in an oven at 60°C. 

The dry product was then sieved and classified into close-cut sieve 

fractions. A sample of the sieve cut to be used as seed was placed 

in the growth cell filled with saturated solution at room temperature. 

This was then stirred under the hydrodynamic conditions to be used in 

a growth run and the attrited seed size analysed with the Coulter 

Counter after 15 minutes attrition. The analysis of each was checked 

after a further 12h or so, stirring and it was found, as in the 

previous work (1), that all the attrition occured in the first few 

minutes of stirring. The smallest sieve fraction, 44 - 64 py was 

often found unsatisfactory because of the necessity to use a two-tube 

technique for analysis with the Coulter Counter with its inherent 

practical difficulties, and a larger sieve fraction was then used. 

The size analyses of the attrited seed used in the growth rate 

experiments are shown in appendix B. 

The optimum mass of seed crystals was chosen as 2g after the 

following considerations: 

(a) This involved a relatively small solid/solution ratio for a 

period of a run and consequently did not over obscure the refractometer 

image. 

(v) The heat of crystallisaticn was smail and the solution 

temperature could be easily controlled with the thermostatically
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controlled circulator. ; 

(c) As the refractometer scale could only be read to 0.1 divisions 

and estimated to 0.05 divisions, the smallest interval considered 

consistent with the required accuracy of the experiment was 0.5 

divisions. The average time taken for this concentration change using 

2g of seed was usually of the order of 5 to 50 minutes. This is 

consifered to be the optimum time interval bos the experiment as at 

least half a minute is necessary to accurately read a scale partly 

obscured by suspension and longer runs would be unnecessarily laborious. 

6.42020 Procedure. 

The cells used were as shown in section 4.4. In order to 

obtain a more accurate analysis of results especially as the 

concentration approached equilibrium, evaporation tests were done for 

cells C and S under the stirred experimental conditions for growth by 

measuring the concentration decrease of an unsaturated solution over a 

period of time at constant temperature. The results for various 

tampsratures are shown Fig.6.4. Appendix C on a log evaporation 

vs plot with linear correlations drawn according to the Clausius - 

Clapeyron relation. Interpolated values from these correlations for 

the required growth experiment temperatures are shown table 7 

Although instantaneous nucleation would not be expected 

(Fig. 3.2.) with a supersaturation less than about 7% m/m for pure P.E. 

and 10% m/m for impure D.E., it was found in the previous work (1) 

that in an agitated cell a 6% m/m supersaturation impure solution 

would nucleate in about 9 h and a 4% m/m supersaturation solution would
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nucleate in about 50h. It was therefore considered safe to work at 

initial supersaturations of about 4% m/m. ‘The required amount of P.E. 

3 
was accurately weighed out and washed into a 250 cm” pyrex volumetric 

flask with a screw cap which had been selected for having the volume 

line very low on the neck to allow for solution expansion on heating. 

The volume was made up to 250 om? with distilled water taking care to 

eliminate air bubbles, the flaskwas warmed until the P.E. had dissolved 

the cap secured and the solution shaken. The solution was poured 

into the dry growth cell held at the temperature of the run. The cell 

had previously been well washed with hot distilled water. The solution 

was stirred at the required stirrer speed for the run, set with a 

tachometer, until the required run temperature was obtained and the 

refractometer reading was then taken. The required weight of seed 

crystals was weighed into a clean sample bottle and poured into the . 

solution simultaneously starting the stirrer and the stop clock. 

The sample bottle was reweighed and the seed weight derived. Readings 

of time for fixed intervals of concentration change were taken over 

the period of the run. 

An optimum was required of the two conflicting considerations: 

1. ‘The larger /\c taken the more accurate that particular 

reading for the mean concentration. 

2. The smaller /\c taken the easier to detect the growth 

rate dependence on supersaturation. 

It was decided to use intervals of 0.5 divisions scale 

reading, i.e. ca O14 % P.E. As the refractometer scale could only
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be estimated to 0.05 divisions, reading errors of + 10% can be expected, 

but should be largely self-compensating for any individual run as 

results ar e taken consecutively. 

At the end of a run the drain plug was removed and the 

suspension dropped into a beaker of acetone. The product was 

filtered, dried and occasionally size analysed with the Image Shear 

microscope « 

6.4.2.3. Analysis of Results: 

The actual number of crystals, No.(J), of diameter D(1,J) 

can be found from the intial size distribtuion of the attrited seed, 

as in the fluidised bed experiments from equation 6.7, where M(1) is 

the initial seed mass. 

Now assuming McCabe's £\ law, which should be true for a 

well stirred vessel, and provided no attrition, agglomeration or new 

nuclei occur during a growth experiment, then the number of crystals 

of any diameter D(I,J) at any time t(I) is No.(J) and the size 

distribution can be calculated from D(I,J) = D(1,J) +4 D(I) 

TIME I COUNTER 

D (24) @e0eoee2O8a D (7,3) e@e000ne2000 D(N,1) 

SIZE ‘ -. . 
DISTRIBUTION . * . 

J D (1,7) eeeeeane D (I,J) @e@ee2eo00eso D(N,J) 

COUNTER ‘ * ‘ 

D (1,P) @@eeeeoeood D (I,P) eeeon0eae0e0e9 D(N,P) 

Where N is the number of readings of time.
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P is the number of mean diameters of the size qk siton, 

A crystal growth velocity can therefore be determined by 

computation of the results of refractometer scale, hence solution 

concentration, against time in a similar method to that used for the 

fluidised bed experiments, for each time interval. 

As a number of readings are obtained for different 

supersaturation for each run, the rate constant K assuming a first 

order integration rate as suggested by the previous work (1) can be 

calculated from dc which when integrated gives: 
ae? KA (¢ = Con ) 

K = 1 ln ( e(T) a (eG) 278) eo00 613 

At(I) EK (1) (c(t +1) - ga) +1) - Go) 

where At(I) is the time interval t(I +1) - (I) for the 

concentration decrease c(I) to c(I #1), A(I) is the mean crystal 

area over this time interval, and «¢,, is the equilibrium 

concentration at the temperature of the run. 

K can be related to Ky of the first order growth velocity 

equation: 

6 = se = K,, fe - {o0) eo0080000 6.14 

where r is the equivalent spherical volume radius, by the conversion 

shown appendix C 

As the Mal tine interval to reach equilibrium is not 

measurable, the computation is terminated at the penultimate 

concentration value of c(N). The equilibrium value eg, is 

calculated from the input refractometer scale data for c(N + 1).
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All concentrations are derived from the isothermal refractometer 

correlations for the particular material and temperature, tables2 and 3 

ot) 6 Pe B SC).o4sd Bex)" petit Oa 

As the total volume of solution used initially is 250 em? at 

cae25°C and the only loss of solvent throughout a run is through 

evaporation, the volume of solvent V(I) at any time (I) is given by: 

V (I) = 250 - my ae OS. CL) ge > eens 

  

where m(1) is the mass of solute initially in solution and the 

evaporation rate in em? / min is given in table at appendix C 

But . m(1) = 2.5 c(1) and (s = 1.396 for P.E. 

oe WL). 250 1.7908 ce) -~ (& CL) & Evan nc ce. 60062 

100 m 

mn ee Y 
s 

Oo ate gee ayy) 
ee r= 100-9 ps 

But -.m (I) = c(1)x2.5 < (Gee - x) 

Cc = 

where H is the intial seed mass = M(1) 

os After any time interval A\t(I), knowing M(I) which when I =1, 

equals H, M T+1) can be calculated from: 

00 Y 1.396 
u(t) = u(t) + ¢ (t)- c(ts) (ets Ss a (ts e+ re) 

: ecbacOaken 

A.D (t)for this time interval At ()can now be calculated



  

~ 1D - 
using a similar equation to 6.10: 

m(tea) - (x) (s xe [ a0GP $m + 3 p(t)? > No. (s) 

x D(t,3) +3A »€) 5 (00(2) x n(e))| 

eeoe 6.18 

This is solved tor £\ D(I) using the Newton-Raphson approximation method 

as before: 

f Ad (I) = uQp(r)? +R (1) AD (1)* + V(D)AD(T) - (1) =0 

ves 2 6019 

where U = > No.(J) 

R(I) = 5 (3 x No.(g) x D(2,9)) 
aye 2 (s x No(J) x n(z,2)*) 

g(r) = MQ) = M(t) 

E6306) x TE Ee 

PAS |S CAD) + eR LDED) 5 OMCTY oo cscn 26080 

The first approximation used is /\D(I) = 0.0001 cm and the 

iteration repeated until f AD(T) P eee te 0 OnOO) 
f AD(TI) 

Then D (I+1, J) = 7D (1,9)-+ A v(t) 

The growth velocity g(I) is now obtained from 

& (IT) = Ap CT) on eee0 6.21 

2 x At(T) 

Mean Area A(I) over this growth interval is given by 

AOD) = A 4 + CAD 
ee ie eee
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where A(I+1) > IT x 1.181 x No.(J) x D (11,3) ¢ 

A(T) ul PD. I x 1.181 x No.(3) x D (x3) * 

Hence K(I) can be calculated from equation 6.13. 

In order to compare results with Chernov's correlation (46 ) equation 

2.c2, where; ‘« 
go. ky s 

the mean si:persaturation s (I) of this interval is given by: 

s(t) e(I+1) ~ atl; . © (N41) 

  

c (N+1) 

the computation of this analysis for each interval of refractometer 

scale has been done, computer program 2, using the Elliott 803 version 

of Algol 60.



  

PROGRAM 2.9: CRYSTALLISATION RATE OF P.E. IN A SEEDED CELL 

[START] 

PROCEDURE AREA(Z )] 
  

  
  

READ % No.(J),D(1,J) FOR J=1:P 
ees FOR I=1l:N+l 
t(I) FOR I=1:N 
B,F,G,H, EVAPN. 
  

  
  

Compute Nos(d).eeeee+eEqneb.7. | 
FOR J=1:P 
  

  
  

Compute eas. ooo ebqne6.15. 

FOR I=1:N+1 
  

  
  

Compute see es eeoeece -oEqn.6.16. 

FOR I=1:N       

  

  

  
I+1 

  
  

| Compute M(I+1)..00seeeEqne60170| 

  

Compute U, R(I), Y(I) 
FOR J=1:P 

Compute Q(I 

    
  

    
  
  

  

|Compute fAD(I), f'aD(1)|   
AD(I) = AD(I)-FAD(T 

f'ad(T)    
      

fAD(I) £0-00000017 
‘AD (I     NO 

    

  

we 

  

D(I+1,J) = D(I,J)+AD(I) 
FOR J=13:P     
  

  

| 
[Compute a(1) A(T), K(I)s(T),(1)] 

(pRInt c(I), eu), A(ZI),K(I)s(I),g(1)) 

eS = N-12> Ys 
age 

  

Y
v
 

S eS  
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TABLEs 30 

EXPERIMENTAL LEGEND 

ae evel -- ~ acmemanermennmemaswediiaar + :~~0 enc ree pe ae eran me ee ne Ne een pete nee 

t ADDITIONAL 
{SUFFIX SOLUTION | TREATMENT EXPLANATION 

'OF MATERIAL 
Ged. Lae - dias i 

D DISSOLUTION experiments simulating 
growth experimental conditions to 
obtain equilibrium values. 

FLUIDISED bed experiments to obtain 
grovsh rate data. 

R RUNS of seeded solutions in @ stirred 
cell to obtain growth rate data. 

i t 45 0 i Different bags and batches of production 
! material labelled Batches A to G. 

Pela to j { Batches A to G purified of di-P. E. and 
P.G. { ‘forma.’ by HCl reflux. 

D.P.. A synthetic mixture of di-P.E. and Purified 
Batch E. 

F The preceeding material having been made 

into a 10% solution, filtered through a 
O. AD. filter, and evaporated to dryness 
Gare use . 

M The preceeding material having been made 
into a LO7 solution and stirred for 2 hours 
with 10% m/v Molecular Sieve Type 13X 
before filtering and evaporating to 
dryness before use. 

  

  be}
 

  

  

  

  

    
            i 

en     P
r
e
e
 

  

VARIOUS COMBINATIONS OF THE ABOVE HAVE BEEN USED. 

EXAMPLES: 
- ad anni Oo ent 20 emer e ~- ~ 

' RUN No. | EXPLANATION 

D.D. 4 The fourth dissolution experiment using BATCH D solution. 
F.E. 1 | The first fluidised bed experiment using BATCH FE solution. 

RoP.G.M. 2; The second run of a seeded solution of purified BATCH Gin 
a stirred cell. The purified Batch G having previously 
been stirred in solution with Molecular Sieve Type 13X, 

REF. 53 | The third run of a seeded solution of BATCH E in a stirred 
cell. The BATCH E having previously been filtered in 
solution through a Oo45ia filter. 

rh ston penne eet 
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SECTION SEVEN 

RESULTS 

The experimental legend is shown on the previous page. 

1.1, Growth Rates in a Fluidised Bed. 

7. 1. 1, Preliminary Experiments. 

Runs F,C,.1 to F.C.6 were unsuccessful as too small a seed size was 

used, presenting difficulties of agglomeration and transport of small 

crystals into the feed vessel, From Runs F.C.7 about 4g. of seed 

crystals (~120+150 mesh) were added as a slurry in a small amount of 

cold saturated solution. After a suitable time the product crystals 

were discharged and examined, The crystal size, L, measured before 

and after growth was the average of 10 crystals measured across the 

pyramid base and gave a standard deviation from the average of about Tp 

As the vernier microscope only read to 10p this was considered 

reasonable. The size L was converted to the equivalent spherical 

volume diameter, D, using a ¢@ I4 = D? and so D = 0°9655L and the 

growth velocity, g= dr, was calculated. 

With the exception of F.C. 13. it was not possible to remove all 

the bed for weighing until F,C.19. when the flexible seal and knee joint 

was fitted to the dowmcomer. With this modification it was possible to 

give the bed a stir periodically, to prevent agglomeration building up 

and permit the ready discharge of the crystal product. As the average 

seed size was know, the growth velocity could then be derived by 

calculating the product size from the increase of crystal mass assuming



  

FIGURE 7.1. 

RESULTS OF PRELIMINARY FLUIDISED BED EXPERIMENTS 
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spherical crystals. 

The results for these preliminary fluidised bed experiments, with 

the growth velocity, g, derived both from the direct measuremm+4 and 

using the mass increase basis are shawn, Table 31 , Appendix D , 

As the growth rate is later shown (Section 7.2) to deviate from first 

order with respect to supersaturation, the results are shown in figure 

7. 1 with growth velocities, g, plotted against supersaturation, s, and 

compared with the least mean squares correlation found for Batch C 

material in the seeded cell experiments stirred at 2000 r.p.m. The 

numbers beside points indicate the temperatures of the fluidised bed 

experiments. 

In comparison with the stirred cell experiments, results on 

average give growth velocities as would be expected from experiments 

about 7° C higher than that indicated. This could be because of an 

unconscious tendency towards selective sampling of good large crystals 

for product measurements. In general the results calculated on a mass 

basis are nearer to that expected from the stirred cell experiments, 

assuming no diffusional effect, Although these results, particularly 

those measured directly, are of limited accuracy they indicate a faster 

growth rate than with the stirred cells. This is not feasible even if 

the system was diffusion controlled and it appears that the surface 

integration step is rate controlling even for the low relative solution/ 

crystal velocities and high temperatures of the fluidised bed. 

7. 1. 2. Results with Modified Fluidised Ped Apparatus. 

Assuming surface integration rate control the computer program 1 

using McCabe's AL Law (Section 6.3.2.2.) was used to calculate the



- 117 - 

results of the experiments with the modified fluidised bed apparatus 

showh in section 4.2.3. An example experimental data sheet is shorm 

for run R.E.1 in Table 32 , Appendix D . The size analyses of the 

seed batches used are shown in Table 25 . Appendix B . Although the 

mean srystal axea A has been calculated Km, the rate constant, based 

on a first order growth rate is not shown as the stirred cell 

experiments showed a first order assumption to be invalid. The 

following results were obtaineds 

  

RUN SEED PROD. |TIME AD g 
No. {fC SEED MASS(g)|MASS(g)|MINS} s | # f om/min. § 

pt
 

  
4 

FC28| 70.0 124419 0n6 8,0 11.26 | 90 |0.026 |16.71} 3308} 9.283x10 
“6 

FC29}70.0] 124-150uC | 8.0 14.55 | 50 10.141 130.48] 3662] 3. 048x107> 

FO30} 40.0] 124-15Q0 | 8.0 8.03 | 90 10.224} 0.17] 2926|9.636x107° 

RE31} 40.0 124-15 Oye 8.0 8.60 | 50 10.406! 3.39} 2997 3.368x107° 

RE. 1) 70.0 124=15048 716% 14.04 ; 60 {0.110 )24.21) 4284 2. 018x107 

EPE}| 70.0] 124-150QMPE.| 7.91 | 17663 | 35 |0.129|43.43) 3841 64204x107 

                        
  

These results have been plotted as g vs s in figure 7.2. and 

compared with the least mean squares correlations obtained from the 

stirred oe1l experiments. As the orystal seed dispenser was not 

reweighed after use with runs F.C.28 to F.C.31 these results are not 

as accurate as they could otherwise have been. F.C.30 and F.C.31 at 

40°C are particularly susceptible to this error as the orystal mass 

inorease was so small. 

 



  

FIGURE 7.2. 

RESULTS OF MODIFIED FLUIDISED BED EXPERIMENTS 
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F.C.28 shows a growth rate very much higher than expected, However, 

for runs F,C. 29, F.E.1 and F,P.E.1, where the crystal mass was about 

doubled throughout an experiment, all the growth rate velocities were 

very much the same as the stirred cells with the same materials at 

70°C, As this was the highest temperature practical with this 

apparatus no further experiments were attempted, This indicated 

surface integration control under all the experimental conditions up 

to 70°C for Batches C, E and purified &,
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- TABLI: 33 

PREVIOUS WORK(1) —- APPENDIX EB 

SEEDED CELL A EXPERIMENTS AT 500 R.P.M. 

  

  

  

              
  

RUN No. RUN No. SOLUTION SEED 

PREVIOUS ; 
WORK(1) | PRESENT Text | TRrwP°c | CONC .%m/y | SIEVE cuT p! BATCH 

Re ReAel 60.0 24.0 | 44 - 53 a 
R.20 R.A.2 70.0 30.0 A4 = 53 . 

R,21 Rohe 55.0 21.5 44 - 53 = 

Re2d Reded 80.0 37.0 AA = 53 * 

R227 RePeAel 60.0 24.0 44 ~ 53 2.4 

R.29 R.P.A2 70.0 29.0 A4 ~ 53 P.A® 

R.30 RePoA 03 80.0 36.0 Ad ~ 53 P.a* 

R.3l Rao sl 60.0 24.0 44 ~ 53 cm 

R.32 R-PeAcd 50.0 18.5 44 = 53 Pat 

R.33 ReA od 50.0 19.5 44 = 53 Pad 

Re34 ReP.Aed5 80.0 56.0. |-44 «55 es 

TABLE: 34. 
CHRONOLOGICAL SUMMARY OF EXPERIMENTS IN SEEDED CELIS - APPENDIX D 
  

ALL EXPERIMENTS AT 2000 R.P.M. UNLESS OTHERWISE STATED 

  

  

  

f 
EXPT. RUN SOLUTION SEED TABLE 

No. No. T, 0 ofn/v|SIEVE CUT()| BATCH) CELL COMMENT No, 

1 R.Bo1 |60.0] 24.0} 44 = 64 BY | A |NO GROWTH 43h. a 

2 R.Bo2 [60.0] 24.0) 44 - 64 BY | Cc |NO GROWTH 44h. 

5 R»Bod 60.0 2h 65 om B C 

4 R.BeA 160.0] 2563 + A Cc 
36 

5 RAG 60.0 24.0 ad A C 

6 ReBo5 60.0 24.0 -” B Cc                     
xx SPECIALLY PREPARED SEED 
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TABLE: 34 (CONT. ) 

  

  

  

                  

EXPT.} RUN SOLUTION SEED TABLE 
Noe Noe Gc offn/y| STEVE CUT(;s)| BATCH] CELL COMMENT No. 

7 Rise. 160 240 i a) % 

8 | R.C.3  |60.0) 24.0] 75 - 89 CF lc 38 

9 | R.C.4 {60.0} 24.0] 75 ~ 89 c= | c |NONIDET ADDN.| 39 

10 | R.C.5 160.0} 24.01 44 ~ 64 c™ | A | POOR IMAGE 40 

32 4 R.C.6 [60.0] 24.0] 44 ; 64 Guid 4l 

12° | R.C.7 450.0] 19.5] 44 - 64 ge 42 

13 | RC.8 440.0] 1765} 44 - 64 et % 43 

14 1R.C.9 [60.0] 24.01 44 - 64 c=] a |500 R.PsM. 44 

| 15 | ReC.10 60-0) 24.0) 44 - 64 c¥} c 1500 RPM. 45 

16 | R.C.11 [40.0] 14.0] 44 - 64 c™{ ¢ |500 R.P.M. 46 

17. -] R.C.12 {70.0} 30.0} 44 ~ 64 c*} a 1500 R.P.M. AT 

18 | R.C.13 70.0] 30.0] 44 = 64 c¥ | c |500 R.P.M. 48 

19 | R.C.14 [70.0] 30.0] 44 - 64 c* | c [2000 R.P.m. 49 

20 | R.C.15 |30.0] 12.51 44 ~ 64 c* 1 ¢ 12000 R.P.M. 50 

21 | R.C.16 |70.0] 30.0] 44 3 64 c™} ¢ 11000 R.P.M. 51 

22 | R.Co17 40.0] 1525] 44 - 64 c* |! ¢ |2000 R.P.M. 52 

23 | R.Del {70.0| 30.0] 44 - 64 rio 53 

24 | RD2 [70.0] 30.0] 44 - 64 Dot A 54 

25 |R.De3 |70.0| 30.0] 44 - 64 orn 55 

6 41R.Def |70.0) 30.0! 75 - 89 ols 56 

B7 | ReDe5 |70.0] 30.0] 75 ‘ 89 p* | 5s 57 

28 | R.D.6 {70.0} 30.0] 75 By, wee 58 

  

x SPECIALLY PREPARED SEED 
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TABLE: 34 (CONT. ) 

  

    

  
  

  

    
  

    

    
  

        

PEXP?.| RUN ; SOLUTION | SEED TABLE 
, No. No. [1 °Ciofm/v [STEVE cur(y4)! BancH comment | No. 

29 |R.De7 70.0! 30009:64 4.75. | P.t.™ 59 

30 |R.P.Ge1 | 70.0) 30.01) 64 = 95 |P.Ge NO GROW?H 5h. 

31 |R.P.G.2 170.0! 30.0] 64 : 15.4. | P.Oee NO GROWTH 5h. 

32 |R.P.G.3 | 70.0] 30.0} 89 : 105. }P.Gs 60 | 

35 RsBel 70201 30.0 | 89-106 |." 61 

34 R.E.2 70.0) 27.5 | 89 ~ 10. | & 62 

35 R.E.3 60.01 2745 | 89 - 105 ES 63: 

56%) RBA © 16000) 2445 | 09 165 | 64 

37 | R.E.5 60.01 26.0] 89 s 105 | =&* 65 

38 | R.E.6 50.0] 24.0] 89 : 1065 | = 66 

39 | RET 70.0) 30.2 | 89 - 105 rs 67 

40 | R.P.G.4 | 70.0] 30.0] 89 - 105 ,P.ce 68 

Al | R.Gel 70.0| 30.0 2 t [ QUALITATIVE | 37 

42 | R.G.2 a 30.0 - a3 QUALITATIVE 31 

43 | R.P.G.5 | 70.0] 30.0] 99 . 1065 |P.c.® 69 

4A: | ReP.G.6 rad 30.0} 9 = 105 |P.c% 10 

45 | ReP.Del 10.0) 30.0 | 89 ~ 105 ‘PGs 7 

46 | R.Fol 70.0! 30.0] 75-89 | F* No GRrowrH 2h. 

At st RP 70.0] 30.0 89 s 105 Fo QUALITATIVE a 

48 | R.E.8 70.0) 50.0 4 BO 16 | 2 72 

AQ | R.F.3 7040) 30.0 | 89 105 | 73 
: | : | 
  

SPECIALLY PREPARED SEED 

 



- 122 ~ 

TABLE: 34 (CONT. ) 
  

  

  

                  
  

EXPT.| RUN SOLUTION | . SEED TABLE 
No. No. Pac ofan/v | SIEVE cur(y) BATCH) CELL COMMENT Nos 

50 {B.Ps4° 170.01 30,0) 89 «16. |.¥" |'¢ 74 

51 |R.F.5 70.0} 30.0} 89 | 106 | F | C {QUALITATIVE 37 

52 |R.E.9 70.0} 30.0] 89 7 16 oR 4G 75 

5% 4h. P.C.7 {7Os0} “$0.01. BO. 105 Psa. 0 16 

54 |R.G.3 #O.0] 30.0] 89 : 16. jPee o 77 

55 |ReGod TOOL SOi0. 69 <1 We 78 

56 |RePeEel 170.0] 30.0| a9 | 105 [PG 6 79 

57 |R.P.G.T.1170.0] 30.0] 89 | 105: 1 PsGa7 1.0 80 

58 [ReP.B.2 170.0] 30.0] 89 | 106° |P.G.71.0 81 

59 |R.P.E.3 170.0] 27.5} 89 -105 |P.G.*| C 82 

60 {R.P.G.8 | 70.01 27.5} 89 - 105 |P.G."| C  |NO GROWTH Sh. 

61 |R.P.B.4 [70.01 27.5| 89-106 | FP’ 1 C laf. 59 seed 83 

62 IRePeGeKe1] 7000] 2765} 89-105 | E* | S |cELL ScourED | & 

65°. 4R.P-C, Bolt 7000} 2755, 89 - 1065 |e Fs 85 

64 R.P.De2 70.0 2725] 99 -105 | EB ic 86 

65 |ReP.GeMe11 70.0] 27.5] 89 3 16 dBi] 8 87 

66 [ReP.E.5 170,01 27.51 69-10 4 Be 88 

67 -ecP. 8.64 70.0 2755] 69+ 16.1 | 8 89 

6; NeRE.7. 17060 27,5) 69 = 165 Re 1-8 90 

69 {R.P.E.8 | 70.0 27.5} 989 | 1% | 2 4s 91 

70. IR.PDsd 170001 27.51. 69 = 15 | BES 92 

7a R.B.10 170.01 30.01 69+ 265 “| Et 0 93 

x SPECIALLY PREPARED SEED 
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TABLE: 34 (CONT. ) 

  

  

  

                    

EXPr.{ RUN | SOLUTION SEED TABLE 

No. Nos 7, o| oFen/v | STEVE CUR(y4)| BATCH) CELL COMMENT | No. 

72 {ReBsil 70101 30.0 89 105 ; Ris 94 

73 |RsP.E.M.1} 70.0) 27.5] 89 | 105 E* | 5s 95 

74 |ReP.De4 |70.0] 27.5) 89 : 105 os a 96 

75 |ReP.D.5 |79-0| 27.51 989 | 105 a 97 

76 |RePeD.6 [70-0] 2705| 89 - 105 E* | s 98 

77. (ReBiI2 170.0) $0.01 © 69 , 105 E's 99 

78 |R.B.13 | 70.0] 30.0} 89 = 105 4.0 , 100 

79 |ReEel4 | 7020] 30.0] 99 ~ 105 EY | C |CELL CLEANED | 101 

80 |R.Be15 |70.0] 30.0] 89 7 105 E* | ¢ |cCELL POLISHED | 102 

81 |R.E.16 [70.0] 30.0] 99 , 105 E*{/ ¢ |0.5g 2n ADDN. | 103 

82 |R.Ee17 | 70.0] 30.0] a9 | 105 E* |] co {05g Cu ADDN. | 104 

83 |R.E.18 |70.0] 30.0] 99 | 105 Eg 3 QUALITATIVE 

84 |R.E.19 70.0] 30.0] 89 ~ 105 E* | c {cub PoLrsH=p | 109 

85 ‘¢R.B.20 |7%20| 30.0] 89 | 105 E*| c |2500 R.P.M. | 106 

86 |R.E.21 | 70.0] 30.0] 89 , 105 E* | ¢ 107 

67 |R.n.22 | 70.0] 30.0] 99-105 | =*| ¢ |prssomwrror 

88 |ReH.23 | 70.0] 30.0] 89 , 105 E*| ¢ 108 

89 |R.E.24 |79.9] 30.0} 89 | 105 Fete 109 

90 |R.B.25 | 70.0] 32.0 69 « 105 Eeic 110 

QL |R.Ee26 | 70-0] 30.0] 89 | 105 ah 111 

B2 {R.B.27 | 70.0] 33.5} 89 - 105 Bote 112 

93 |ReE.28 160.0] 27.5} 989 . 105 E* | ¢ 113 

* SPECIALLY PREPARED SEED 
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TABLE: 34 (CONT. ) 

  

  

  

                

EXPT.| RUN SOLUTION SEED | TABLE 
P ii 

No. No. a 2G o%n/v| STEVE cur(y) BATCH! CELL COMMENT No. 

Gi-7n eo 160.0 2755 | 69-15 | ET] ce | 144 

95 |R.E.30 160.0127.5 | 89 ~ 10 |P.E."1 C fof. 94 seed 115 

96 | R.P.G.M.2170.0/27.5 | 89 = 105 |P.E."| c JNO GROWTH 24h. 

97 |R-P.GeM.3| 70-0] 27.5 | 89 ~ 105 |P.E. "| C | Zn+Cu ADDN. 
| ‘ NO GROWTH 6h. 

98 |RoPoEeQ | 70.0) 27.5 | 89 - 105 |P.E.| C 116 

99 |R»P.G.9 |70.0127.5 | 89-105 |P.E."| co {NONIDET ADDN. 
sey - NO GROWTH 

100 | R.P.G.10 179.0} 2765 | 89 - 105 |P.E."| c |0.5¢ BRASS ADDY. 
- NO GROWTH 2$h.] - 

101 | ReP.G.11 |70.0) 27.5 | 89 = 105 |P.E.™| G [HCI ADDN. 
NO GROWTH 

102 {R.Bs3]  176.0190.0 | 69. ~ 105 1 Bie 117 

103 JR.P.E.1LO | 30.0) 12,5 89 = 105 {P.B.™| ¢ | NUCLEATION? 118 

104 |R.B.32 163.0127.5 | 89 - 105 | BY | c 1|1,0g SEED 119 

105 |R.E.33,  160.0)/27.5 | 89-105 | EY | c |0.5¢ SEED 120 

106 |R.E.34 |60.01/26.0| 989-105 | EB | c 1{1.0g SEED 121 

107 |R-E.35 [60.0126.0 | 89-10 | E* 1c J0.5¢ SEED he 

108 |R-E.36 0 ©6|60.0124.5 | 89 -105 | EY | c 41,0g SEED 123 

109 |R.E.37  |69.0/24.5 | 89 -10 | E* | c |0.5¢ SED 124 

110 |R.C.Fe1 [60.0]27.5 | 89-1065 | BF [oc 125 

H11 |R.C.18 = |60.0/27.5 | 89-15 | EB Jc 126 

112 |R.P.E.11 [60.0]24.0 | 89 - 105 |P.E."| C |NUCLEATION? 127 

113 }ReP.E.12 |160.0}22.0 | 89 ~ 105 |P.E.™] ¢ 128 

114 |R.P.B.13 160.0120-.0 | 89 ~ 105 |P.E.“| ¢ [NO GROWTH 63h     

x SPECIALLY PREPARED SEED 
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TABLES 34 (CONT. ) 

  

  

EXPT.{ RUN | SOLUTICN | SEED TABLE 
No. No. T °C offn/'y | STEVE cUD():)! BAICH CELL COMMENT No. 
  

} ; t 

115 |R.P.E.14 [50.0}22.0} 89-106 {P.B."| ¢ [1,.0¢ SED 129 
; { 

116 |R«P.E.15 [6C.0]/20.c | 89 -105 jP.E.™ Cc 15.0g SEED 
- NO GROWTH 23h. 

117 | 2. P.DeMe1/60.0]20.0 | 89 - 105 |P.E."| c |NO GROWTH 5h. 
  

                

118 | 2.P.B.16 50.0/17275} 89 = 105 P.E.*| ¢ 130 

Lig }4.P.B.17 40.0]13675} 89 - 105 |P.E.™| ¢ 131 

120 |R»PoB.18 |75.0131.5 | 89 A 105 |P.E.*| ¢ 132 

121 |R.P.B.19 |40.0113.75| 89-106 |P.B.*| ¢ 133 

122 |R.P.H.20 170.0/28.5 |. 89 - 105 |PBe | c 134 

123 i. -BsF.1]70.0/26.5 | 89 - 10 |P.E.™| C |NO GROWTH 7h. 

124° |R.B.38 =150.0}19.5 | 99 106 Te ic 135 

125 |R.P.B.F.2)70.0/ 28.5 | 89 : 105 |P.B.™} ¢ 136 

126 |R.E.39 ]60.0/27.5 | 75 ~ 89 eae | 137 

127 |Rehe7 70.0 3340 99 - 105 |P.B.™ C 138 

128 |R.E.FeL |70.0]30.0 | 75 - 89 rat 139 

129 IR.E.F.2 |623.0/2765 | 89 : 6 12+ 140 

130 |R.E.F.3 |49.0/15.25] 75-89 | D™ | Cc [NO GROWTH 24h, 

131 |R.B.F.o4 |[60.0]/24.5 | 39 ‘ 165 1B Ie 1 

132 |R.E.P.5 150.0/19.5 | 75 : Se. 2) ite 142 

133 |R.P.E.F.3/40.0/13.75} 89 : 195 |P.E.™| ¢ {NO GROWTH 22h, 

134 |R.P.E.F.4]70.0127.5 | 99 - 105 |P.E.*] c U3       
x SPECIALLY PREPARED SEED
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TABLE: 34 (CONT. ) 

  

  

    

                  

EXPT.}| RUN | SOLUTION SEED TABLE 
No. No. tac ofyy {STEVE CUT jm)! BATCH |CELL COMMENT | No. 

135 |RoP.E.P.5|60.0]22.0 | 89 ~ 105 |P.G.*] c 144. 

136 |R.P.E.F.6]700012705 | 89-16 {P.E.*] 145 

137 |RoP-B.D.1]70.0/28.5 | 89 - 105 |P.E."} C 146 

138 [h.P.8.D.2150.0117.75| 89 ~105 {PGI C 147 

139 |R.E.40 |70.0/30.0 | 89 -105 | B* | c |o.5g_RAss 148 
FILINGS ADDN. 

  

% SPECIALLY PREPARED SEED 
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7. 2. Seeded Solutions in stirred cells 

7. 2. 1. Experimental Data. 
Cae Races 

An example experimental data sheet for a stirred cell run is shown 

in Table 35 , AppendixD , for R.P.E,16, The size analyses of the 

specially prepared seeds of the various materials and sieve fraction, 

after attrition in a saturated solution under the experimental 

conditions as done by the Coulter Counter size analyser are shown in 

Table 24 , Appendix B . ‘The computer data being presented as the 

number percentage of a particular mean diameter, D, cm. The refractometer 

readings are presented as scale S as would be obtained in-Cell C, Secale 

readin: obtained in other cells were converted to scale S, which was 

the calibration scale, by means of the Table 4 in AppendixA , ‘The 

computer data for this refractometer scale array ‘ncluded the equilibrium 

refractometer scale as the final reading as found for the particular 

equivalent P.E, concentration in the equilibrium experinents, Appendix 

A » ‘the equivalent time readings for the refractometer scales were 

recorded in minutes, The reading of the'apparent equilibrium' value 

after which no further concentration decrease was observed was rejected 

for computation purposes as the time to reach this value was indeterminate. 

The calibration coefficients for the concentration based on the 

refractometer scale, S, i.e. B,F and G where c = F + B.S. + G,S% were 

recorded for the particular solution material and temperature involved ! 

(from Tables 2 and 3 , Appendix A), The initial seed mass,Hg 

was also recorded, and although the seed dispenser was not reweighed
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after use until Experiment 25, the error involved anbuihe be very small, 

Finally the evaporation rate in om?/min. for the particular cell and 

temperature used was recorded from Table 29 Appendix C , As Cells A 

and G were only used for growth rate comparisons, and the evaporation 

rate only becomes effective as ¢ approaches Cop » Evaporation losses 

for these cells are assumed zero, 

411 temperatures are recorded as the observed temperatures To° C 

and can be converted to actual temperatures by means of Figure 5.1. ,; 

Appendix A , This has been done in Section 8 for the purpose of the 

Activation Energy calculations. 

T. 2. 2. Pentaerythritol materials, 

ihe chemical analyses of the materials used are shown in Table 1 ’ 

Appendix A, 

UT. 2. 2. 1. Batch A, (<O-1% Di - P.E and 4.73% Formal) 

This was the material used in the previous crystallisation work CU). 

The growth rate constants K were calculated then assuming a first order 

growth rate with respect to supersaturation and using the approximation 

Boe: Mo \ $ for the area calculations for each interval of growth. 
Aq “\E4/ 
A summary of the results is shown in Table 49 , Appendix E . This 

work has now been analysed using the more accurate method which allows 

for a crystal size distribution, detalles 2), and with the refractometer 

readings converted to refractometer scale S for use with the more 

accurate calibrations. ‘The runs at 80°C could not be analysed by this 

method as the calibrations in this work were not carried out at this 

temperature, The effects of the Coulter Counter size correction and
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the new equilibrium valves are also shown (Appendix EB ), 

1.2. 2. 2. Batch B (<0+1% Di - P.E,, 4°98% Formal) 

In order to compare this material with the essentially similar 

Batch A material of the previo us work (1), Experiment 1 was carried 

out in the old Cell A with the more accurate refractometer. This 

unexpectedly showed no growth for the 44 hours of the test, At first 

this was thought to be due to an impurity incorporated in the cell, 

but ween the experiment was repeated (R,B.2) in the new Cell C there 

was again no growth for 44 hours. The most probable cause was then 

thought to be an impurity picked up in the seed preparation or sieving 

process, Tests R.B.3 and 4 were carried out with 2g of unclassified 
L 

Batches B and & seed respectively and indicated growth rates similar 

to each other it seve slow in comparison with the previo us work (1). 

A check on this Batch A material containing <0-1% Di-P.E and 4.73% 

Formal, (R.A.6) with 2g unclassified Batch A seed indicated a growth 

rate very much faster than R.B.3 or 4. To check that this was not 

because the impurity had been washed out of the cell, R.B. 5 was carried 

out, a repeat of R.B,4, with a similar result. To check that this very 

slow growth rate could not be a Di-P.E, effect not shown in the chemical 

analysis R,C,2. was carried out with 2¢ unclassified Batch C seed 

(containing 1°0% Di-P.z, ava 4-3% Formal). This gave a growth rate 

even faster than R.A.6, This indicated an unknown additional impurity 

present in Batch B far more effective in slowing growth than either 

Di-P,E, or Formal, and no further tests were carried out with this 

material.
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7. 2. 2. 3. Batch C (1-0% Di-P.E,, 4°3% Formal) 

Experimental work was started on Batch C material for comparison 

with Batch A of the previous work (1) to find the effect of the Di-P.E, 

impurity, Using R,C,3. as a control an incidental test (R.C.4.) was 

carried out with the addition of 5 drops of a non-ionic 

detergent dispersing agent NONIDET P,40. As there was no apparent 

effect on the growth rate this additive was then tried, without success, 

in nucleation tests to attempt to restrict the product size distribution, 

thought to be due to agglomeration, 

It was realised at this stage that the stirrer speed was set at 

2000 r.p.m. for experiments 1 to 9, due to an error in the stroboscope 

reading, whereas the previous work (1) had been carried out at 500 YopPeoM. 

This was checked hereafter with a portable tachometer, R.C.5 was 

carried out at 2000 r.p.m. in Cell A for comparison with the previous 

work; the image however was poorly defined and R.C,6 in Céll C was found 

more accurate, 

To find the temporature effect R,C,7 and R.C.8 were carried out at 

50°C and 40°C in Cell C with the well-defined image, at 2000 r.p.m 

R.C,8. shows a very high growth rate compared with R.C.17 (which had a 

lower initial supersaturation). This phenomenon appeared completely 

anomalous until the detailed study on Batch E, (Section 7.2.2.5) was 

performed, 

Tests R.C.9 and R,C,10 were carried out at 500 r.p.m. in Cells A and 

C respectively for speed and cell comparison with R.C.5 and R,C.6, ‘he 

image of R,C.9 (CellA) was again poorly defined, but R.C,10 indicated a
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slower growth rate in the latter stages. Test R.C., 11. at 40°C was 

earried out at a low initial concentration and the growth was very 

slow. Test R.C.12 in Cell & at 70°C showed a better refractometer 

image and indicated a growth rate similar to R,C,13 in Cell C,fomThis ibmas 

concluded that cells A and C gave essentially the same results, 

The size analyses of B atch © seed material attrited under the 

different hydrodynamic conditions of Cells A and C toth stirred at 

500 r.p.m. and 2000 r.p.m. showed very similar degrees of attrition 

(Table 23. , Appendix B ). On this evidence R.C.16 at 1000 r.p.m, 

was calculated using the size analysis for 2000 r.p.m. which would be 

within the limits of experimental error, [Experiments 18, 21 and 19 

at 500, 1000 and 2000 r.p.m. respectively showed the effect of stirrer 

speed to be that of maintaining the larger crystals in suspension. 

(ag described in Section 7. 2. 4) and 2000 r.p.m. was considered 

necessary to achieve this, 

All further experiments were done at 2000 r.p.m. and experiments 

41, 12, 19. 20 and 22 show the effect of temperature on the crystal 

growth of Batch © maintained at this stirrer speed in Cell C, 

1. 2. 2, 4. Batch D (1-0% Di-P.E., 5+5% Formal) 

Experiments 23 to 29 were carried out with 40% m/v Batch D material, 

(which contained 28% more Formal than Batch C), at 70°C to compare the 

cells at 2000 r.p.m. and to find the effect of seed size and composition 

Two dm? batches of 22% m/v C, D and P.G. solutions were cooled and 

micleated at 40°c. The solutions were stirred for 2 hours and sieve 

fractions of the resulting crystals, after filtering with an acetone
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wash and drying, used as seed, A comparison of seed Batches C and D 

with approximately 4-3% and 5-5% Formal respectively should indicate 

the sensitivity of the growth rates to the impurity in the seed material 

or possibly preparation nucleation temperature, if the impurity partition 

coefficient varies significantly with temperature,’ 

In order to compare cells, test R.D,2 in Cell A was carried out 

but found difficult to follow because of the poorly defined image, 

However, R,D.3 (a repeat of R.D.2) showed an overall growth very 

similar to R.D,1 in Cell C, although individual readings were more 

erratic. Test R.D.4. in Cell 5 also showed a very similar growth rate 

to R.D.1. indicating that cell type is not critical in determining the 

crystal growth rate. 

R,.D.5. in Cell S with 75 - 894 Batch D seed showed a faster 

growth rate overall than R.D.4. Because of the good comparison between 

R.D.4. and R.D.1., this was attributed to an incorrect size analysis of 

the attrited seed, Size analyses of the attrited seed for the computation 

of results with Cell 5 were taken as those found for Cell C as both 

cells had similar internal dimensions, This was because sampling of 

attrited seed suspensions was very difficult ‘due to the Cell S 

construction, The high growth rate of R.D.5 could be due to additional 

attrition of this seed in Cell S, possibly because of a different stirrer 

position, 

Runs R.D,1. and R.D.6. with 44 - 644 Batch D seed and 75 - 89¢4 

Batch C seed respectively, in Cell C showed a very good agreement, 

indicating that small differences with impure seed composition are not
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critical to crystal growth rates, Therefore nucleation temperatures . 

with impure seed preparation need not be noted. Test R.D.7. with 

64 - 75p PAG, seed however showed a faster growth rate than R.D.4. 

particularly in the early stages. This could be due to an impurity 

diffusion into the seed to achieve an equilibrium partition with the 

mother liquor, enchancing the rate of growth, 

A comparison of Runs R,C,14. and RD,1. shows a favourable 

agreement between Batches C and D, with Batch D showing 4 slower 

growth rate as would be expected from the chemical analysis. 

7. 0.2, 5. %, 2 pe cenoms (0,9% Di - PLE. 5.2% Formal) 

A considerable amount of Batch E seed was prepared from Batch E 

mother liquor in a number of batch crystallisations by nucleating 22% 

n/v solutions, The collected sieve fraction 89 - op wes then size 

analysed, after attrition at 2000 r.p.m. in Cell C, for a more detailed 

study with Batch E mother liquor, ‘ 

R.E,1. at 70°C, Experiment 33, showed a very similar growth rate 

to R.C.14. but rather faster than R.D.1. This indicated complete 

suspension of the rather larger 89 - a Bae fraction crystals, 

The suspension characteristics were studied in more detail in later 

experiments (Section Teh). 

Using R.E.1. (30%) as control R.E.2 with 27.5% initial concentration 

was carried out to find the effect of starting the growth experiment at a 

different initial concentration. Although it indicated a slower growth 

than R.E.1. for equivalent supersaturations, the number of readings 

obtainable were too limited to obtain an accurate analysis.
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RE, 3, 4 and 5 were therefore carried out at 60°C to study this effect 

further. Equivalent supersaturations for these runs should give the 

same growth rate regardless of the initial supersaturation, The fact 

that these results do not concur must be due to one of the following 

reasons’= 

(a) The normal growth velocity of a crystal is dependent on the 

crystal size (i.e. contrary to McCabe's AL law) 

(b) The initial seed size distribution is incorrect. 

(c) The increase in crystal area throughout a run is not simply 

due to the increase in crystal size due to growth. 

Of these possibilities (c) seemed to be the most feasible. It was 

thought possible that a surface "roughness" effect might exist which 

would be proportional to the mass of solute deposited per unit crystal 

seed area, possibly caused by growth of numerous screw dislocations. 

This was therefore studied further in Experiments 104 to 109 with 

different initial seed masses at these different initial supersaturations 

in an attempt to obtain the quantitative effect. The runs at first 

seemed to further substantiate the "roughness" hypothesis, with smaller 

initial seed masses undergoing faster normal ‘growth velocities under 

equivalent conditions. However on examination of the crystal products 

(fable 28 , Appendix B ) for these rms it could be seen that in fact 

the increase in surface area throughout these runs, in addition to that 

calculated, was due to attrition occuring during growth. Although a 

quantitative attrition effect is not possible from the limited data 

obtained, it appears that there exists a critical time (i.e. diameter
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increase) for each growth velocity (which is dependent on supersaturation) 

which if exceeded will cause excessive brittleness of the growing crystal 

resulting in attrition under certain hydrodynamic conditions, Examination 

of R.E.15. product using 2g of seed grown in 30% n/v initial concentration 

solution at 70°C, where the high temperature will produce the fastest 

growth velocity and gieticgut crystals, showed a product size almost as 

predicted (Table 26 , Appendix B ) with some apparent agglomeration 

but no sign of any attrition. It was therefore considered safe to 

work with solution supersaturations up to about Ac = 4% with 2g of seed, 

Batch E was also used to establish the effect of heterogeneous 

particles on the growth velocity (Section 7.2.3.) and to study the 

effect of tie stirrer position on the suspension characteristics of 

a run (Section 7.2.4.). Having established that absolute cleanliness of 

a cell is essential, and found the optimum stirrer position, R.B,31, 

Experiment 102, was carried out in this position showing a good 

comparison with R.E,19. and ascertaining an efficient cleaning of Cell C 

after the previous particle additions. 

RE, 6 at 50°C was carried out at too high an initial concentration 

while establishing the attrition effect, resulting in erroneous high 

results, However tests R.E.19, R.E.4 and R,E,38 at 70°C, 60°C and 50°C 

respectively, compare favourably, although with somewhat faster growth 

rates, with R.C.14, R.C.6 and R.C.77 at the same temperatures, As it 

was possible that each batch of material might have contained some 

small amomt of contaminant as was found in Batches B, F and G, this 

suggested that Batch E was the batch which contains the least,
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7, 2, 2, 5.°2, Filtered Batch & 

As an enhanced growth rate was found with the presence of hetero- 

geneous particles (Section 7.2.3), the effect of filtering production 

material through a fine filter was studied. A 10% m/v solution of the 

material was prepared, filtered through a 0+ 45u membrane filter, and 

slowly evaporated to dryness, ‘The filtered material amounted to 

0.030 mass% of the P,E, As the stability of Formal in solution at high 

temperatures has been demonstrated in the previous work (1) the impurity 

content should remain constant. Experiments 110 and 111 were carried 

out on Batch C material to find the effect of filtration, However as 

the products of Experiments 104 to 109 had not been size analysed at this 

time it was anticipated that the effect would be more pronounced with the 

higher initial concentration of 27.5% m/v at 600C, Although this effect 

is masked therefore by attrition occuring during growth, it was surprising 

to note that R,C.F,1 with the filtered material showed a faster growth than 

R.C.18 . This was contrary to expectations, having established (Section 

7.2.3) that heterogeneous particles enhance crystal growth, 

It was considered that a study of filtered Batch E material would 

give more relevent growth rate and activation energy data for the impure 

material than the normal production material with an unknowm quantity of 

heterogeneous particles. Experiments 128 to 132 were therefore carried 

out with the filtered material, Test R.E.F, 2 with 27.5% initial 

concentration is again irrelevent as it was carried out for a comparison 

with R.E,F.4. to find the proposed"roughness" effect of using different 

initial supersaturations and simply illustrates the amount of attrition
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which occured during growth, os tests R.U.F,1. and R.E.F,4 showed 

growth rates ca. 75% faster than R,E,19 and R,E,4 (at 700C and 60°C 

respectively) whereas R.E.F,5 at 50°C showed a growth rate essentially 

the same as R,E,38 at the same temperature, Product examination of 

R.E.F.4.( Table 27~— , Appendix B ) showed this to be due to attrition 

occuring during the growth process and it is to be assumed therefore 

that heterogeneous particles are beneficial in establishing a less 

brittle crystal when grown at higher growth rates (i.e. in this case 

at higher temperatures). Test R.E,F.3 (at 40°C) exhibited no growth 

for the 24 hours of the experiment and this was at first thought to be 

completely anomalous. However test R.P.E.F.3 at ao°C; Experiment 133, 

also showed complete growth inhibition in contrast to R.P.E,19 under 

the same conditions. This appears a real effect at this temperature, 

therefore, and it is possible that heterogeneous particles are necessary 

for growth at a lower temperature, possibly to produce the required 

dislocations on the crystal surface, 

Tes Ze 25 b. Oe Purified Batch E. 

Tests R,P.E.1. to R.P.E.9 at 70°C were carried out for a comparison 

with purified Batch G material, and also to establish the enhancing effect 

of heterogeneous particles (Section 7.2.3. ) Test R,P.B,10. (at 30°C) 

showed a faster growth rate than R,P.E.9 (at 70°C) which must have been 

‘due to nucleation induced at the start of the run (although the initial 

Ac was only about 4.3%). Test R.P.E,11 at 60°C with an initial 

supersaturation at Ac = 5.4% indicated a growth velocity more than an 

order of magnitude faster than R,P,E,12 at the same temperature with an
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initial supersaturation of Ac=3.2% which again must have been due to © 

nucleation, Test R,P,E, 13 at 60°C however with an initial 

supersaturation of only 4ic=1.4% showed complete growth inhibition 

for the 8% hours of the test, There was therefore a very limited 

metastable region within which this system could be staged. Maa a 

comparison with different initial concentrations to observe the 

'pbrittleness' effect of the Pure P,E, crystals was impractical, 

Test R.P.E,14 however was done with 1g of seed withAc=3,2% and 

resulted in a growth rate slower by about half than R.P.E,12,. ‘This 

would either indicate agglomeration during growth or an impurity in the 

solution being absorbed on the crystal surface more slowly with the 

smaller amount of seed. This latter explanation would also account 

for the growth inhibition of test R.P.E.13,, since growth at this low 

supersaturation was observed (tests R.P,E.12. and R.P.E,14.) once 

started at a higher supersaturation, 

A seed mass of 5 g was therefore used for R.P,E,15, which would 

have approximately the same crystal surface area as R.P,E,12 when the 

supersaturation had fallen toAac=1.4%, However growth inhibition 

persisted. The possibility of contaminant could not be overuled as 

R,P.E.12 would have a depleted contaminant concentration in solution, 

assuming the contaminant built into the crystal lattice, after the 

growth to a solution supersaturation offac=1.4%. 

A comparison of tests R,P.E,7 and R,P.D.5 at 70°C Experiments 68 

and 75, show a similar growth rate but with R.P.D.5. apparently about 

20% slower until about Ac=1.2% when approximately 4g of solute had 

been deposited, This could be due to Batch D being slightly contaminated,



which would also accomt for the slow growth of R.D.1. compared with . 

R.E, 19. 

An extraction of purified Batch D was therefore carried out with 

Molecular Sieve Type 13X in the method described in Section 7.2.2.7.2. 

Experiment 117 with a 20% solution of this material (@c=1.4%) however 

still showed complete growth inhibition. It was considered possible 

that a much higher degree of purity was necessary to initiate growth at 

this very low supersaturation; not only would this be very difficult 

to obtain however, but a means of analysing very low impurity concentrations 

had not been established nor had the critical impurity been isolated, 

Experiments 118 to 122 inclusive were carried out, which together 

with Experiment 113 at 60°C show the effect of temperature on the growth 

rate forthis nominally pure material, purified Batch E, 

As anticipated the results show purification to improve the growth 

rate at all temperatures; for example at 60°C, R,P,.E,12 has a rate 

ca. x 5 faster than R.E.4 and of the same order as R.E,19 at 70°C, 

However it can be seen that the increase of growth tae wih temperature 

increases with supersaturation, with little difference below about 0.05 

supersaturation, R.P.E.17 at 40°C (Ac=3%) showed a low growth rate 

initially, but the rate then increased, This test was repeated (R.P.E, 19) 

to obtain intermediate valves with the same result. It can be seen that 

the growth ratesa maximum at a supersaturation, 8 , of about 0.1 where 

the value of approximately 1.8 x 10-5 is higher than that obtained with 

R.P.E.12 at 60°C, at an equivalent supersaturation, There seems to be 

no logical explanation for this other than it being the progressive 

depletion of some contaminant in the mother solution,
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Le. 20 22:5. 4. Filtered ee, asa E 

A 10% m/v solution of Batch P,E, was filtered through a 0.45p 

membrane filter and evaporated to dryness, Test R.P.E.F.1. at 7O00C 

showed no growth for the 7 hours of the test. ‘The filtration process 

was therefore repeated using a completely new set of apparatus washed 

with distilled water, Test R.P.E,F.2. (a repeat of R,P.E.F.1) now 

showed a similar growth rate to R.P.E.20 under the same conditions. 

The first filtered batch must have, therefore, picked up some 

contaminant in the filtering process, T est R.P.E,F,3 was carried out 

at 40°C and showed no growth for 22 hours, which, in view of the growth 

inhibition of R,E.F,3 at this temperature, appeared to be a real effect. 

A comparison of R,P.E.7. and R.P.E,20 (70°C) with initial , 

supersaturations of Ac=2.5% and Ac=3.8% respectively showed a faster 

growth rate with R,P,E,20, As no attrition is e:pected under these 

conditions, it is possible that the discrepancy is due to a ‘roughness! 

effect caused by heterogeneous particles, Test R,P.E.F.4. (Ac=2.7%) 

was therefore carried out and showed a similar growth rate to R.P.E.7 

indicating that filtration had no effect. It was therefore unlikely that 

this could be a roughness effect due to heterogeneous particles and 

appeared to indicate a contaminant being adsorbed at the beginning of 

the test with the higher supersaturation (R,P.E,20). 

R.P.E.F.5. was then carried out at 60°C and showed a growth rate 

much slower than R.P.E,12 at this temperature, suggesting that catalytic 

particles had been removed, 

Test R.P.E.F.4 was repeated, (R.P.E.F.6) to find the reproducibility 

and it was found that the growth rate was much slower initially but after
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about 0.7g of solute had been deposited the growth rate became faster 

than R.P.E.F,4. This is possibly due to the adsorption of contaminant, 

Reproducibility with filtered material proves to be very poor therefore, 

whereas with the "naturally occuring" heterogeneous particles present 

the reproducibility was good, This is possibly due to growth occuring 

by adsorption on dislocations in the crystal surface which are readily 

'poisoned' by traces of contaminant, whereas heterogeneous particles 

help recreate adsorption sites, 

7. 2. 2. 6, Batch F €0.1% Di-P.EB, 5.5% Formal) 

Test R.F.1. showed no growth for # hour. To check whether an 

impurity had been picked up in the seed preparation, unprepared Batch F 

was sieved and the same sieve fraction used for the qualitative experiment 

47. This still showed a very slow growth considering far more attrition 

would be expected with this unprepared seed which would provide a 

relatively large surface area available for growth. 

Control test R,E,.8. was therefore carried out which gave a similar 

growth rate to R.E.1, confirming that there was no impurity in the cell 

or glassware used for solution preparation, 

R.F.3. a repeat of R.F.1 was left overnight to see the extent of 

the growth inhibition and by morning a reasonable growth had been 

obtained, The more detailed study R.F.4. showed that in fact most of 

the inhibition was in the first #? hour, although growth after this was 

still slow in comparison with R,A,2. which could hardly be accounted for 

by the difference in Formal composition, 

fo check the possibility of sieve contamination as found for the
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finer sieves 200-350 mesh in the earlier experiments with P.G. material 

(Section 7.2.2.7) another qualitative experiment was carried out, 51, 

using a completely different set of sieves to those used in Experiment 

47, but the result was the same, 

To confirm that no impurity could have been picked up in the seed 

preparation, a small batch of Batch E seed was prepared in the same way 

as the Batch F seed using the same apparatus. The sieve fraction 

89 - 105p was used as seed, and in the computation of this test (R.E.9) 

the same size analysis was assumed as found for the bulk of the prepared 

seed of this Batch, This appears to be a reasonable approximation in 

view of the rate of concentration decrease found, This test R.E,9, 

gave growth rates an order of magnitude greater than test R.F.4 which 

confirmed that Batch F must contain some impurity more effective than 

that attributed to Di-P.E. or Formal, possibly the same impurity as that 

inhibiting growth in Batch B, 

7, 2,2, 7. 1. Purified Batch ¢ 
  

Batch G was purified by the HCl refluxing method described 

Section 43.2 and this material then investigated in order to obtain a 

more complete and accurate study than the previous work (1). Experiment 

30 (R.P.G.1) exhibited no growth over a period of five hours, This was 

repeated in Cell S with the same result it was realised that this 

anomalous phenomenon could possibly be due to an impurity contracted 

from the sieves. The 200, 240, 300, 350 mesh sieves had inadvertently 

been used to sieve a catalyst of vanadium pentoxide on a silica base , 

The material <350 mesh was remixed with the bulk material before use,
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and although the sieves had been washed with detergent they could still 

have contaminated the material, 

To check this R.P.G.3 was carried out with material collected in 

the larger sieves used for the solution and sieve cut 89 - 105} s i.e. 

>170 mesh, used for seed, This gave a growth rate of the expected order 

in comparison with previous work (1), and so these four contaminated sieves 

were discarded and a new set used, 

A further quantity of Batch G material was purified. Because of the 

hazards involved with chipping crystallised material from a glass vessel, 

a high density polyethylene bucket was now used for the recrystallisations 

involved, Experiment 40 with this new batch of purified material 

showed a slower growth than R.P.G.3. In case this could be an unevenly 

distributed impurity in Batch G, qualitative experiments were carried out, 

41 and 42, with Batch G@ solution and unclassified seed in Cells C and 5S, 

which being of the same order, confirmed that the cells were not causing 

the inhibition. Also as the wmclassified seed would be expected to have 

a larger specific surface than the sieve fractions usually used for 

seed, this growth appeared to be normal. A repeat experiment R.P.G,5 

again gave a similarly slow growth to R.P.G.4. To check Cell C again, 

this was repeated in Cell S and foun d to show an even slower growth 

rate. However, it was noted that some insoluble pieces of material 

were present in this experiment suspected to be chips from the 

polyethylene bucket. A small batch of purified Batch D was therefore 

purified using all glassware and Experiment 45 with this material 

showed a very fast growth, Although this confirmed that the polyethylene 

bucket had affected an inhibition of growth in Experiments 40, 43 and 44,
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this growth was far faster than R.P.G,3., which had not involved 

polyethyfene, Another batch of P,G, was therefore prepared using 

all glassware, R.P.G.7 with this material showed a growth rate of 

the same order as R,P.G.3. i.e., faster than Experiments 40, 43 and 

44 but still not as fast as R.P.D.1, The discrepancy between R.P.G,3 

and R,P.G.7 is possibly because of the higher initial supersaturation 

used in R,P.G.3. causing preferential adsorption of an impurity into 

the crystal lattice, 

Runs R.G.3 and R.G.4. were carried out with Batch G solution 

using 89 - 105 ps sieve fraction P.G, and E seed respectively, ‘These 

showed an inhibited growth of the same order as R.F,4. Both Batches F 

and G contained<0.1% Di-P.E. and a high Formal concentration and so 

although, (as with Batch B,) it seemed inconceivable that this growth 

inhibition could be an effect of Di-P.E. or Formal, the only conclusive 

proof of an unknown impurity lay with the comparison of the purified 

material with R.P.D.1. To confirm that this was not a freak run Batch E 

was carefully purified and test R.P,E,1 again showed a very fast growth. 

The rate of decrease in concentration was so great however that it 

appeared that nucleation had been induced. This theory was strengthened 

when R,P,.E,1. was repeated, Experiment 58 showing a very poor 

reproducibility. R.P.E.3, therefore, was done using a lower initial 

supersaturation and still showed a relatively fast growth rate. R.P,G,8 

however, with the same conditions and the same seed showed no growth at 

all for five hours. This confirmed that Batch G. contained some other 

impurity than Di-P.E, or Formal, which was a very effective crystal 

growth inhibitor, was not destroyed by refluxing with hydrochloric acid,
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and was not detected by the usual gas chromatographic analysis. 

7. 2. 2. 7. 2. Attempted Extractions of unknown impurity 

As any extraction of production material would be likely to 

change the concentrations of the known impurities Di-P.—=, and Formal 

and hence the growth rate, P.G. was used for the extractions where 

any increase of growth rate after an extraction would indicate the 

effectiveness of the extraction. As this impurity had seemingly not 

been obvious in the chromatographic analysis, and as previous work (1) 

had shown that a trace amount of oil could completely inhibite crystal 

growth, the nature of this impurity was suspected to be an oil or 

grease, A possible source is from silicone grease used in plug cocks 

and valves on the production plant. The recommended solvent (90 ) 

for silicone grease was Toluene, 

One litre of 30% m/v P,G.aqueous solution was made up and stirred 

in a flask, fitted with a water condenser, with one litre of toluene 

at 80°C for two hours, The aqueous layer was gipkratan cooled, 

filtered and the P.G,T, material dried in an oven, However, Experiment é 

/ 
57 with this material showed a slower growth rate than R.P.G.7. The A 

only explanation for this is that a further impurity was added from 

the toluene, As only G.P,R. toluene was available, and trace amounts 

of 'oil' are apparently very effective inhibitors this was quite 

possible, 

At this stage to make completely sure that no impurity was being 

presented by the cells, possibly as the result of previous impure 

experiments, Cell S was thoroughly cleared by scouring with a wire
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brush on an electric motor, The cell was then washed with a water 

hose and finally by filling with distilled water and stirring under 

experimental conditions for about an hour, 

One litre of 12 mass% P,G. aqueous solution was made up and held 

at 50°C in a one litre flask by means of an isomantle, 5.0g of acid 

washed Kiesulguhr were added and stirred for 3 hours. The solution 

was then filtered first through a No. 1. Whatman paper (approximately 

100m porosity) and then through a 0045p Millipore membrane filter, 

The P,G,K. material was carefully evaporated to dryness and Experiment 

62 in Cell S with this material under the same conditions as R.P.G.8. 

which had shown no growth for five hours, grew very slowly. However 

the growth rate was still much slower than R.P.E,3. 

One litre of 12% mass fraction P.G. aqueous solution was again 

made up and stirred in a 3 litre flask fitted witn a water condenser 

with one litre of analar benzene at 50°C, maintained by an isomantle, 

for two hours, The aqueous layer was then carefully separated off and 

the P.G.B. material carefully evaporated to dryness, This showed a 

growth rate, Experiment 63, faster but of the same order as R.P,E,3. 

after the initial stages. But these initial stages were very much slower 

than R.P.E.3, As these experiments, 62 and 63, were carried out with 

Batch E seed, a check test R.P.D.2. was done in Cell C with Batch E 

seed, This showed a growth rate of the same order as R,P.E,3, 

One litre of 10% yass fraction P.G. aqueous solution was stirred in 

a one litre flask, maintained at 40°C, with 10g Molecular Sieve (Type 

13X) for two hours. The solution. was then filtered first through a
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No. 1 Whatman paper and then a 0.45 Millipore membrane filter, ‘he: 

P.G.ii, material was carefully evaporated to dryness and Experiment 65 

at 700C showed a growth rate slower in the initial stages but 

subsequently faster than R.P.E.3. Test R.P.E.5 with Batch E seed in 

' Cell C again showed a growth rate of the same order as R,P,E.3 and 

R.P.D.2, Test R.P.E.6 was carried out under the same conditions in 

Cell S and showed a growth rate about an order of magnitude greater than 

R.P.E.5. This was eventually shown Section 7.2.3.1. to be due to an 

enhancing effect of extraneous particles in Cell S, Reproducibility, 

however, was shown to be very good (Experiments 67 and 69) under these 

enhanced conditions, So although Experiments 62, 63, 65 and 67 do not 

show realistic growth rates under normal conditions, they are comparable 

in themselves and Experiment 65 shows adsorption in aqueous solution 

with 10% molecular sieve type 13X to be the most effective method tried 

of extraction of the unknown impurity. However, comparison with 

Experiment 67 shows the extraction to be by no means complete. 

Experiment 73, with purified Batch E material after adsorption with 

molecular sieve, showed on comparison with Experiment 69 that molecular 

sieving had no effect on the purity of purified Batch E material, 

Therefore six successive extractions with 10% m/v molecular sieve 

type 13X were done on a 10 mass %. P.G, aqueous solutions as described 

above. 

In an attempt to obtain squanti tativeestimate of the amount of 

impurity present, a known weight of sieve was taken from each extract, 

dried in an oven at 100°C, reweighed and then calcined in an open 

muffle furnace at about 850°C for three days, The resulting sieve



tae 

was again weighed enabling the amount of impurity burnt off to be 

calculated. Blank tests showed a loss in weight due to the dry sieve 

only and also with adsorbed purified Batch E which could not be 

accounted for with the 10% m/m mother liquor allowance. This was 

attributed to molecular sieve composition and preferential adsorption 

of P.E, molecules respectively. Compensation for both was made in the 

impurity content estimates, The results of these extractions are shown 

Appendix F and although only the first two extractio ns showed a 

measurable decrease in impurity content, within the accuracy of this 

method, the theoretical impurity content after six extractions, based 

on a constant partition coefficient consideration has been calculated as 

0.0329ppm(AppondixF) . The original impurity concentration was estimated 

to be 0.26%, 

Run R,P.G.M.2, Experiment 96, after two molecular sieve extractions 

showed no growth for 24 hours, and R.P.G.M.3, Experiment 97, with 

purified Batch G material after six successive extractions and an 

estimated.O3ppm.impurity content showed no growth for six hours, 

Attempts at inducing growth by the addition of zine and copper particles 

failed, Although these were under conditions of low initial super - 

saturation (Ac=1.2%) Experiment 98 with purified Batch E material 

under the same conditions showed a reasonable growth. Complete 

extraction of the impurity was therefore considered unsuccessful, 

7. 2. 2. 7. 3. Attempted neutralisation of the unknown impurity 

On the assumption that the impurity might be grease or oil an 

attempt was made to neutralise the effect by adding detergent



-~ 9 - 

to separate the ‘grease’ molecules. This was done, Experiment 99, by 

adding successive 0.1 em? aliquots of 10% non-ionic detergent (Nonidet 

P.40) which had previously been shown (R.C.4.) to have no effect on the 

growth of Batch C material, in twenty minute intervals, For 0.3% 

contaminant present in 27.5% P.E. solution this would require about 

1.8 cm of the diluted detergent to give an equal mass. 2,5cem)> of 

0.4 em aliquots were added with no effect on the growth inhibition, 

tom? of undiluted 'Nonidet' was then added and finally when no growth 

was apparent after a further hour, 1.5 om? of ‘Teepol' detergent was 

added. This was stirred for a further 14 hours, but again complete 

growth inhibition persisted. 

As it had been found that heterogeneous particles enchanced the 

growth rate in Cell S, it was thought possible that this might be due to 

the effect of the particles adsorbing the impurity. Experiment 100 was 

therefore carried out in Cell C with the addition of 0.5 g brass filings 

cut from Cell 5, However there was still complete growth inhibition 

for 24 hours, 

McCartney and Alexander ( 63 ) found that the crystal growth of 

calcium sulphate was markedly retarded by the presence of polycarboxylic 

materials buf that the retarding action was largely destroyed in the 

presence of HCl. As the impurity was unidentified in this case, HCl 

added in an attempt to nullify the growth inhibition, ‘This experiment 

101 was carried out in the glass cell, G and as the required pH necessary 

was unknown 0.1 cm3 aliquots of 10@IClwere added in 20 minute intervals 

until a total of 1,0 cm? 10% HClhad been added. Five successive aliquots 

of 0.5 om? of 10%HC1 were then added every half hour, and finally tom,
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2 em3 and 5 cm? of concentrated HCl added at hourly intervals, however 

this had no effect on the growth inhibition. 

As complete removal or neutralisation of the contaminant seemed 

extremely difficult it was decided to work on Batches C, D and E only - 

these being comparable with each other and apparently not contaminated 

(as indicated by Experiment 73 where it was found that molecular sieving, 

the most effective extraction process found for the contaminant, had no 

effect with purified Batch E), 

7, 2. 2. 8. Purified Batch E+ 1,06 Di-P.E, (P.E,D) 

A ae tse mixture was prepared of purified Batch E with 1.00% 

Di - P,E, added in the form of commerciai DiPE chromatographically 

analysed as containing 4,0% Formal and no detectable quantity of 

Pentaerythritol, Tests R.P,E,D,1 and 2 were carried out, (Experiments 

137 and 138,) at 70°C and 50°C respectively. ‘he calibrations and 

equilibrium concentrations were taken to be the same as for Pure P.E, 

which seemed a reasonable approximation as only 1.0% impurity was added, 

In each case the growth rate was found to be slower than for Purified 

Batch E, R,P,E,20 and R,P.E,16, but of the same order as found for 

Batch E, R.E,19 and R,E.38. However, as the Di-P.& could also contain 

some contaminant as effective as that in batch G, this is not necessarily 

an inhibiting effect of Di - P,E, As no analytical method, other than 

an indication from the effect on growth rate was available for this 

unknown contaminant it could not be definitely ascertained that the 

reduced growth rates were due entirely to the Di - P.E, 

i
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7. 2. 3. Enhancing effect of heterogeneous particles. 

7. 2. 5. 1. Establishing the effect, 

As indicated above, it was found that heterogeneous particles 

present in Cell S after cleaning with a wire brush just prior to 

Experiment 62, caused a very effective growth rate enhancement. ‘The 

experiments leading to this conclusion are outlined below, 

Experiments 62, 63 and 65 all indicated a partial removal of the 

impurity causing growth inhibition of P.G, material, However Experiment 

67, R.P.E.6, in Cell S, gave a growth rate very much faster than R.P.E.5, | 

under the same conditions in Cell C, R.P.E.5 was therefore repeated, 

Experiment 68, with a similar result, R.P,E.6 was now also repeated, 

Experiment 69, as Cell S, again with the same result ami very much faster 

than R,P.E,5 and 7 in Cell C, R,P,D.3 in Cell S also showed a very much 

faster growth than R.P.D,2, in Cell C under the same conditions.), At 

this stage it was thought possible that Cell C had aquired some impurity 

which was inhibiting growth, possibly from the impure Batches G and F in 

the previous Experiments 40 to 60, 

Experiment 71, R.E,10, with 30% m/v Batch E solution at 70°C was 

carried out in Cell C to compare the result with R,E.1, Experiment 33 

under the same conditions in Cell C, R.E,10 showed a similar growth 

rate although it was faster in the final stages. This was also similar 

to R.E.7, Experiment 39, carried out in Cell S, The discrepancy in the 

final stages of growth with R,E,1 being slower than both R.E,7 and R,E,10, 

could possibly be explained by different hydrodynamic conditions,
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Experiment 72, R,E,11, in Cell S confirmed that either both cells C 

and S were previously inhibited and the inhibiting purity had been 

removed from Cell S when cleaned prior to Experiment 62, or Cell S 

now contained a crystal growth accelerater.s 

A comparison was made R,P.D.4 in Cell A which was first dismantled 

and thoroughly cleaned and polished, This then showed a growth rate 

at first slower, but of the same order as R.P.D.2, but nevertheless 

much slower than R.P.D.3. Although accurate reproducible results were 

difficult with Cell A because of a poorly defined image, this run showed 

a definite enhancing effect of Cell S, Cell C was now cleaned with a 

wire brush and then polished with water soaked paper, R,P,D.5 again 

showed a growth rate of the same order as R,P.,2. It was realised that 

although Cell S had been cleaned with a wire brush prior to Experiment 

62, and washed out with a jet of water under experimental conditions, 

the interior had not been polished, 

Cell S, therefore, was again cleaned with a wire brush attached 

to an electric motor and this time polished with paper soaked in distilled 

water, The cleaning operation was made difficult, Higa by the 

thermometer pocket projection into the cell interior. Efficient 

cleaning around this pocket was impractical, Experiment 76, R.P.D.6 

with this cell now showed a growth rate faster, but of the same order 

as R.P.D,5. although very much slower than R.P.D.3 in the same cell 

before polishing, Also R,E,12 in Cell S and R,E,13 in Cell C with the 

same conditions as R.E,1 and R,E.7 befare the cells were cleaned, showed 

very similar growth rates, This was conclusive proof that the hetero- 

geneous particles of swarf from Cell 5S, on the first cleaning had very
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effectively enhanced the subsequent crystal growth experiments. This 

could possibly be a catalytic effect of the metal ions from the brass, 

or creation of secondary nuclei or else adsorption of the heterogeneous 

particles into the crystal surface creating "growth sites" for crystal 

growth. : 

Cell C was now given the same treatment as Cell S prior to Experiment 

62 i.e. it was thoroughly cleaned with a wire brush on an electric motor, 

washed with a jet of water and stirred with distilled water, Experiment 

79, R.E.14 in Cell C after this treatment showed a growth rate enhanced 

by about 15%. To confirm that this was due to “he presence of copper 

particles, and obviate the possibility of it being due to the removal 

of trace amounts of impurity, Cell C was thoroughly polished with paper, 

soaked with distilled water, and R,H,15 carried out after this polishing 

showed a similar growth to R.E,13 before cleaning with the wire brush, 

0.5 g zine powder having an average particle size of about 3p was 

added to Cell C at the start of R.E.16 and resulted in growth of seed 

approximately 20% faster than R.E,15. 0.5 g copper powder having an 

average size of about 20 p but containing many particles <10p. was added 

to R.E,17 resulting in a growth of seed slower than R,.E,16 but still 

about 10% faster than R,E.15, 

Although this confirmed that heterogeneous particles enhanced crystal 

growth, the degree of phi ntonebteiae considerably more in Cell S (e.g. | 

R.E,11 about three times as fast as R,E,15), This could be either due 

to the larger number of heterogeneous particles in the swarf produced 

by the wire brush, or else an additional catalytic effect of some 

metallic ion, other than copper or zine present in the brass. To
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distinguish between these possibilities, 0.5 g of brass filings were 

taken from Cell S, consisting of flat jagged plates which when measured 

across an average dimension on a microscope slideand assumed spherical, 

gave a surface area of 215 a for 0.5 g which would be of the same order 

as the smooth internal surface of Cell S in contact with the mother 

liquor during a run, However due to the particle shape the actual 

surface area of filings would be well in excess of this figure. These 

filings were added in Experiment 139, R.E.40 in Cell C giving a growth 

rate of seed about 30% faster than R.E.15, On examination of products 

after these metallic particle additions it was cbserved that they were 

incorporated into the crystals, Also with each of these runs, the 

particle additions were made before the introduction of seed, and after 

stirring for about 15 minutes no decrease in concentration was observed. 

It was therefore concluded that heterogeneous particles present during 

crystal growth enhance the growth rates, possibly by adsorption onto 

the crystal surface causing dislocations in the crystal strucure and 

making val vabie more growth sites for deposition of solute molecules, 

7. 2. 3. 2. Absolute cleanliness of Cell C 

In view of this enhancing effect of extraneous particles it was 

essential to have a cell completely free of foreign particles, This was 

impractical with Cell S due to the thermometer pocket obstruction making 

absolute cleanliness around this pocket very difficult. At this stage it 

was considered necessary to check Cell C with a clean glass cell, Asa 

first approximation a jacketed beaker thoroughly cleaned with chromic 

acid, benzene and distilled water, of approximately 400 em) capacity was
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used. It was fitted with a large rubber bung, 4 thermometer, and a 

stirrer positioned centrally. 

Experiment 83 (R,E.18) was carried out with this beaker filled 

with 250 em? of 30.0% m/v Batch E solution and 2 g of Batch E 89-105 

geed and stirred for 3 hours at 70.000, ‘The resulting solution was 

poured into Cell C held at 70.0°C oud te refractive index read, The 

result was of the order expected from R.E.15. 

Cell C was again dismantled and thoroughly cleaned and polished, 

As the prism on this cell had a contact adhesive sealing the refractometer 

prism end the Cell 5S had an epoxy resin seal, to obviate the possibility 

of either effecting crystallisation, the contact adhesive was removed and 

replaced with epoxy resin, R.E,19 done with this cell showed a very 

similar growth to R,E,15 except in the final stages below 0.06 super - 

saturation where it was rather faster, but this is accounted for in the 

next section, 

A glass cell, with similar dimensions to Cell C, Cell G, was made 

with the light path through a suspension kept to a minimum for ease of 

use, An enclosed jacket proved difficult in construction so a constant 

volume type water circulator was used and the jacket left open, 

Experiment 87 with the first glass cell at first indicated a very fast 

growth rate with a rapid decrease in concentration. However this proved 

to be due to an interchange of suspension and circulating water around 

the lip of the glass refractometer socket, and eventual dissolution of 

crystals. Further investigation showed the height of this lip to be 

critical. A water-tight seal was difficult, involving a refractometer 

clamped to the glass cell, and undesirable. So the refractometer socket
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lip had to be of such a height to allow for solution expansion with 

temperature, the hydrodynamic fluctuations at 2000 r.p.m. stirrer speed 

but still to largely cover the prism face. Such a cell was constructed 

but difficulty was experienced (R.E.23) in obtaining a well defined 

image, so the accuracy of this run was suspect, although, overall of 

the same order as R,E.19. The optimum position of the light source 

was found 6 be beneath the cell and R,E,24 (a repeat of R,E.23) was 

more successful and showed a similar growth “3 R.E.19 in Cell C, A 

further comparison of Cells G and C, R.E,28 and R,E,29 respectively, 

at 60,00C again showed very similar growth rates. So as the Cell C was 

more robust and easier to use than Cell G, all further experiments were 

carried out in Cell C, Experiments enhanced by heterogeneous particles were: 

Experiment Nos 62, 63, 65, 67 695 70, 72) 735 76s 779 19s Bly. 82, 139, 

7.2.4. Hydrodynamic Considerations 

Experiment 18, 21 and 19 with Batch C at 500 r.pem, 1000 and 2000rpm, 

respectively, showed the effect of stirrer speed to be that of holding 

the particles in suspension, Hach showed a similar growth rate until 

0,09 supersaturation when the growth rate of R.C,13 at 500 r.p.m. (with 

a crystal mass at this point of about 6g) started to fall off in 

comparison with R.C.14 at 2000 r.p.m. However, R.C,16 at 1000 r.p.m. 

remained the same until a supersaturation of about 0.075 when (at a 

crystal mass of about 8g) it started to fall off in comparison with 

R.C.14, These critical crystal masses seemed to indicate the point at 

which settling of crystals began for a particular stirrer speed. It is 

of interest to note that although an increase of stirrer speed maintained 

the crystal suspension, the calculated growth rate constant K based on
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first order integration assumption, still decreased progressively with 

supersaturation. , 

On the basis of these results 2000 r.p.m. seemed quite adequate 

to maintain the crystal suspension and so all runs after Experiment 22 

were done at this stirrer specd. It was noted however on comparison of 

runs with Batch E material with different cells and particularly after 

reassembly after the various cleaning operations, that there was an 

unexpected variation in the final stages of the runs as the concentration 

approached equilibrium (e.g. R-E.19 was faster than R.E.13 below about 

0.06 supersaturation). This was attributed to different hydrodynamic 

conditions. Experiment 85, R.E.20 was therefore carried out at 

2500 r.p.m., the maximum speed attainable with the particular motor © 

used. However growth appeared much faster throughout the run, using 

the size analysis after attrition at 2000 r.p.m. for the basis of 

calculation, even in the initial stages. In view of the comparison 

_of Experiments 18, 19 and 21 this must have been due to additional 

attrition. The stirring was also quite violent at this speed, so 

2000 r.pem. was again used and a study of the stirrer position made. 
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case made to accomodate the stirrer shaft and thermometer. In position 1 

the shaft was placed vertical and central such that the impeller blades 

had about + inch clearance with the cone of the cell. This was about as 

low as vibrations of the stirrer would allow, without the blades touching 

the sides. R,E,21 in this position at 2000 r.p.»m. showed an increased 

swirling of solution than in previous experiments, which caused seepage 

in the mother liquor arround the rubber bung. Growth rates were 

calculated to be about 10% faster in this run down to a supersaturation 

of about 0,05, which was attributed to this seepage of mother liquor 

and hence a greater erystal/solution ratio than calculated. However 

below 0,05 supersaturation when the crystal mass had increased to about 

9 g the growth rates were much slower than in previous experiments 

(cof. ReE.19),. This was thought to be due to the crystals having 

grown large enough to fall past the stirrer blade settling in the 

*dead-pocket' below. 

Run R,E,24 in Cell G was carried out with the stirrer in an off-set 

position as in R.E,19 and previous experiments with Cell G, Growth rate 

results were show to be Similar with no settling observed in the glass 

cell, 

Although it had been noted that the stirrer had been off-set in the 

previdns experiments in Cell C, the exact position had not been noted, 

R,E,25 was carried out in Cell C with the stirrer in position 2 

i.e, the stirrer was off-set with the impeller/shaft union being on 

a level with the cone/cylinder jumction of the cell, and the impeller 

blade about + in from the cell wall. The growth rate results were. 

similar to.R.E.19 until 0.04% supersaturation but slower after this 

value when the seed mass was about 9.5g. The stirrer
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was again changed, with the impeller moved lower and off-set further, 

so the tip was on a level with and almost touching the cone/cylinder 

junction, as shown ~ position 3, R,Z,26 done at 2000 r.p.m. in this 

position showed a growth rate faster than R,E,25 and similar to R.6,19, 

To test the suspension of large crystals a 33.5% m/v Batch E 

solution was made up for test R,E,27 at 70°C. ‘The initial refractometer 

reading was off-scale but estimated at 110 which gave an initial 

concentration of 33.3% m/v. Growth rates for this test below 0.08 

supersaturation were of the same order as R.E, 19 indicating complete 

suspension even with 20 g of crystals of which about 20 No% 1104 

equivalent spherical diameter, 

R.E,28 with 27.5% m/v Batch E solution at 60°C in a glass cell 

was examined carefully for any settling towards the end of the run, But 

orystals remained in complete suspension, R.B.29 under the same ocnditions 

in Cell C showed a very similar growth vate. This stirrer position was 

thereford adopted as producing satisfactory hydrddynaniie: conditions for 

suspension’of orystals of the size to be examined at 2000 repeme 

Although the off-set stirrer position had not been noted 

accurately, in experiments prior to Experiment 85, a comparison of 

R,E.3 and R,=,29 shows some scatter in individual growth rate values 

due to the small time intervals involved but similar rates overall even 

for low supersaturations with a crystal mass of 20 g. ‘The earlier 

experiments in Cell C must have, therefore, been under similar 

hydrodynamic conditions.
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SECTION EIGHT 

DISCUSSION. 

  

8.1. Equilibrium in aqueous solution. 

Equilibrium of a solute in contact with a solvent may either 

be achieved by growth of the solute in a supersaturated solution of 

the solute in solvent (i.e. crystallisation) or dissolution of excess 

solute in the solvent. Crystallisation processes are thought to 

proceed by the two consecutive steps: diffusion of molecules to the 

crystal surface and then integration of the molecules into the crystal 

lattice. ‘This latter integration step is often so slow as to be 

rate controlling. Dissolution however is thought to proceed only by 

a diffusion process of molecules into solution. Equilibrium values 

for use with the growth exncriments were therefore obtained from 

dissolution in the absence of the possibly inhibiting surface 

integration step. It was observed in the growth experiments that 

growth usually ceased at a concentration greater than the equilibrium 

eoncentration found from the dissolution tests. Burton et al (42) 

also reported this phenomenon of a lack of crystal growth even when 

the solution in contact with the crystal had a supersaturation as high 

as s2f:0.1l. They attributed sa either to the absence of 

dislocations in the crystal surface, or else to the presence of so 

many of them that the mean distance between them is too smali for the 

particle integration. As this would require of the order of 0 

dislocations per cn”, they favoured the former explanation. In this
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vin gPicog was observed that this "apparent equilibrium" value, where 

the crystal growth ceased mlepended on therate of growth in the 

particular experiment. 

Although no account was taken of these final readings for use 

with the growth experiments, occasionally the experiment was 

continued to ascertain that there was no further decrease in solution 

concentration. These final readings representing an "apparent 

equilibriun obtained from crystal growth are recorded in the table 

on pe-162 , together with the time for which this particular 

concentration value was observed. The longer times sometimes 

include an increase in solution concentration due to evaporation.
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j Apparent Equilibrium. | Equilibrium 
Growth 7 °C Time observed obtained a 

Run. Scale 8 [0 % W/¥ee | We thaw conc: | dissolution 
Min. Coy % 0/Ve 

R.D. 5. | 70.0 | 87.3 26 .998 660 26.310 

R.E. 1. | 70.0 | 86.9 26 .886 1200 26.310 

RoE. 7 | 70.0 | 85.8 26.576 1460 26.310 

R.G. 1 | 70.0 | 88.2 27.251 BuO 26.310 

R.E.11. | 70.0 | 84.9 26 6323 2400 26 2310 

R.E.16. | 70.0 | 85.4 26 4644 760 26.310 

R-P.Ge3- | 70.0 | 81.6 25.597 720 24.771 

ReP.E.6. | 70.0 | 80.2 25.184 110 24.771 

R.P.E.7- | 70.0 | 81.4 25.538 720 24.771 

RE. 5. | 60.0 | 70.5 20.523 6000 20.067 

R.E.29. | 60.0 | 70.3 20.466 880 20-181 

R.P.E.14 | 60.0 | 65.0 19.011 720 18.634 

Bc. ¥ 50.C | 2.0 15.676 1500 15.106 

R.E. 6 | 50.0 | 59.0 15.676 2400 15.277 

R.P.E.16 | 50.0 | 53.7 14.729 600 14.116 

R.P.E.17 | 40.0 | 46.2 10.812 720 10.610   
  

It can be seen that R.G.l. with a relatively slower growth rate 

due to contamination of Batch G material indicated a higher "apparent 

equilibrium" value than experiments with Batches D and E at the same 

temperature. It can also be seen that R.E.11 carried out in the 

scoured cell S with the enhancing effect of the heterogeneous particles
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indicated a much lower equilibrium value than R.E.7. under the same 

conditions in the clean cell C. However when 0.5 g 4m dust was 

added to. the solution in cell C, R.E.16, the growth rate was enhanced 

7 and the apparent equilibrium attained was lower than R.E.7. although 

not as low as R.E.11. This effect was noted also with purified 

Batch E, being the "purest" material obtained. Growth still ceased 

at some value higher than the equilibrium value and the enhancing 

effect of the heterogeneous particles in cell S depressed the "apparent" 

equilibrium" value obtained (R.P.E.6.) compared with that in the clean 

cell C (R.P.E.7.). The actual equilibrium values obtained for 

Pure P.E. (section 5.) were obtained both by dissolution and. by growth 

of nucleated solutions where a large surface area is available for 

growth, and found to agree. It appears therefore that the cessation 

of growth depends on the srowth rate and is probably due to the lack 

of dislocation sites, Hcwserer heberogeneous particles enhance 

crystal. growth, possibly by increasing the number of growth sites, and 

permit growth at Lover supersaturations. 

As the presence of Formal enhances the P.E. solubility the 

exact concentration of impure P.E. solutions is required for the 

equilibrium (solubility) determination. Nucleation of the solutions 

of the required concentration would be difficult if an attempt was 

made to obtain equilibrium from growth, and so equilibrium was 

achieved from dissolution of the required solute concentration 

simulating a growth experiment. The results obtained were 

considered to be more reliable than any determination from growth. 

The results were well correlated by the conventional log x vs aHlot



- 164 - 

above 50°C, but below this temperature the solubility was enhanced 

(by about 1 mass % at 30°C) compared with that expected from the 

correlation. Although this might be due to a sudden change in the 

impurity partition coefficient the difference at 30°C could hardly be 

accounted for by the amount of impurity present unless the 

chromatograpiii:c chemical analwis (table 1) is considerably different 

from the actual mass concentrations. 

An unusual phenomenon was observed in the dissolution results 

of the impure materials. It was found that an enhanced solubility 

was obtained initially which then decreased gradually to a limit at 

which it remained constant. This was assumed to be the equilibrium 

value. The same value was attained whether the impure material 

contained Di-P.E. or not, but the degree of initial enhance solubility 

was severely restrained with the presence of Di-P.E. (figure Det). 

A possible cause of this temporarily enhanced solubility 

effect could be the non-hemogeneous distribution of the Formal within 

the crystal in the initial. batch of P.E. material used. If this 

contained more Formal in the outer extremes of the crystal than in the 

core (possibly as a result of the method of preparation) then since 

the diffusivity in the liquid would be expected to be greater than in 

the solid an initially high Formal concentration in the liquid would 

give an enhanced solubility. Equilibrium is then achieved by 

diffusion of the excess Formal into the remaining crystals from the 

solution thus resulting in a slightly lower solubility due to the 

purer mother liquor. This might also account for the enhanced values 

at J 50° where the solid diffusivity and mobility in the crystal
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lattice might be too low to attain impurity equilibriun, resulting in: 

mother liquor of relatively high Formal concentration. 

The effect of the Di-P.E. appears to be that of arresting the 

initial enhanced solubility which might be the effect of the Di-P.E. 

on the equilibrium system at this temperature, or possibly the effect 

on the original crystal preparation creating a more homogeneous 

impurity distribution, 

It would be interesting to note the effect of annealing the 

original solid P.E. at a high temperature. This might allow impurity 

aiffusion in the solid creating a homogeneous crystal and prevent the 

initial solubility enhancement on dissolution. 

8. 2. Results of Previous Work (1) on Crystal Growth. 

In the previous work (1) growth rates were calculated from 

measurements of solution refractive index change in seeded cells, 

assuming a first order depoudence cn supersaturation (- - So) such 

that dG = — KA (© - co) A In order to do this the area after 

at 
  

each concentration change had to be calculated and the approximation 

5 
‘> = aM was used. Results for K excluding the initial and 

ma ir 
final few readings were averaged and the activation energies found. 

A summary of the results found for Batch A and purified Batch A are 

shown in table 19 appendix E. The activation energies for growth 

of Batch A and purified Batch A were found to be 30.65 and 

18.4 K cal / g mole respectively. A number of improvements to this
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method have been used in this work: A more accurate refractometer 

has been used; the area determination has been made allowing for the 

crystal size distribution; the Coulter Counter size analysis has been 

corrected to obtain a true equivalent spherical volume diameter; the 

calibrations and equilibrium determinations have been redone for 

greater accuracy. 

The refractometer readings of the previous work were as 

accurate as the apparatus allowed. These were converted to the 

equivalent refractometer scale S readings of this work to enable the 

more accurate calibrations to be used and for use with the computer 

program 2 to allow for the size distribution of the attrited seed for 

the area determinations. This has been done, tables 150 and 151 

with R.P.A.1. and R.A.5. using the equilibrium refractometer readings 

of the previous work and the uncorrected Coulter Counter size analyses 

(i.e. Dd.) for a direct comparison. It can be seen that the effect 

of the average area approximation used in the previous work is 

accumulative throughent the calculation and R.P.A.1l. shows an error 

of about x 2 in the final K determination with a final area of 

9164 om” as opposed to 5030 previously calculated. However readings 

are too few and over too limited a supersaturation range in these two 

experiments to accurately show the dependence on supersaturation. 

Tables 152 and 153 show the same two experiments calculated using the 

corrected equilibrium values found from dissolution in this 

work (section 5). The growth velocities g are, of course, as 

calculated in the previous tables, but when plotted against the
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supersaturation s showed the sensitivity of the correlation on the 

equilibrium value. A comparison of the growth rate constants K also 

showed the sensitivity of these values on the equilibrium concentration 

which becomes more pronounced for the lower supersaturations. The 

correction was made for the Coulter Counter equivalent spherical 

diameters (i.e. D as opposed to D,) and all the results for Batch A 

and purified Batch A (P.A.) calculated using the new equilibrium values 

and computation for area determination. The results are shown 

tables 154 to 160 , appendix E. It can be seen from a comparison of 

R.P.Aol. and R.A.5. before and after correction that the Coulter 

Counter diameter correction makes only about 1% difference in the 

growth rates in this case. The most significant difference of these 

corrections is that of allowing for the crystal size distribution of 

the attrited seed as opposed to calculating the attrited seed area and 

assuming a monodisperse crystal system. 

The growth rate velocities, g (cm / min) have been plotted 

figures 8.1 and 8.2 as log g vs log s and the values of ky and b 

found for the correlation g = k 3? by the method of least mean 

squares. The values are shown below. ‘The results at 80°C could not 

be calculated by this method as the calibrations had not been done at 

this temperature. 

  

  

BATCH A. 

ee eee he » 
Aa Bede 60.0 60.1 0.000183 2-701 

Bid, es 70.0 70.2 0.000458 1.977 

Re Ase 55.0 5561 0.00116 4375: 

Reh Se 50.0 50.1 0.0000357 3.408              
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Purified BATCH A (P.A.). 

  

  

  

Run oO Corrected 

No. a Temp. °C. s ” 

R.P.Ael 60.0 60.1 0.000303 3.319 

RePohe2 70.0 70.2 0.000395 2.115 

R.P.Ac4 50.0 50.1 8.3.x 108] 25.97           
It should be possible to correlate the growth rate constants 

ky using the Arrhenius correlation of a 4x eas E 
te 9 R' ae 

and hence £n ky = £n A - = 
RT 

where T is degrees Kelvin; R’ the Universal Gas Constant; Aisa 

constant and E the activation energy for growth. This was done with 

apparent success in the previous work (1) for the averaged growth 

rate constants K based on a first order supersaturation dependence. 

However values of ky, are extremely sensitive to the slope 

(exponent of s) b. In the previous work as the growth rate was 

assumed to be first order with respect to supersaturation, not many 

readings were taken and the supersaturation range was often very 

limited. Very few readings were taken at low supersaturations as 

the results were known to be more sensitive to the equilibrium value 

which, for the impure material, was suspect. It is fortuitous that 

R.A.5. at 50°C with only three readings over a very limited 

supersaturation range gives an exponent b of the same order as the 
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other runs. Only four results were obtained with R.P.A.4 however 

and due to the very limited supersaturation range they gave an exponent 

b of 26 and consequently an extremely magnified k, of 8.3 x 108, 

The data for most of this previous work is therefore too limited to 

obtain overall correlations of the type g = k, s?, and the Arrhenius 

correlation cannot be applied to ky values determined. However over 

the range studied the actual growth velocities, g, are as accurate as 

the previous refractometer readings allowed, and can be compared with 

the present work. 

Although the stirrer speed was only 500 r.p.m. in the previous 

work as compared with 2000 r.p.m. used in this work, the seed used 

(especially after attrition) was smaller than that used for most of 

this work, and as it has been shown that the function of stirrer speed 

is merely that of maintaining the crystals in suspension the results 

should be comparable in this respect. A visual suspension test had 

also been carried out with this seed in the previous wofk, and 

500 r.pem. had appeared satisfactory. 

8. 3. Crystal Growth. 
  

8.3.1. Relative Velocity Effect. 
  

The effect of the relative crystal / solution velocity was 

investigated using a fluidised bed of crystals and also by varying the 

stirrer speed in a suspension. In the fluidised bed experiments 

growth rate determinations were made using direct measurements of seed 

and product crystals, and also by measuring the crystal mass increase.
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Attempts were also made to follow the concentration decrease of the 

circulating mother liquor of the fluidised bed experiments. However, 

because of the slow growth rate of P.E. and the difficulty of obtaining 

an air-tight seal using a submerged impeller pump, the evaporation 

rate tended to compensate for the solution concentration decay due to 

growth. This method might be developed to overcome this problem, 

possibly by using a magnetically operated pump to avoid grease from 

glands. Measurements of the crystal mass increase in situ in the 

fluidised bed cell proved to be the most reliable used, and it was 

found that results were in reasonable agreement with those of the 

stirred cell experiments. It was also found that the only effect of 

stirrer speed in the stirred cell experiments, apart from that of 

crystal attrition, was that of meciecbeded cis the crystals in suspension. 

It was therefore concluded that the crystal growth rate of P.E. was 

surface integration rate controlled for all conditions investigated 

up to 70°C. A'repetitive inversion sedimentometer" built to 

investigate the relative velocity effect of crystals under terminal 

velocity conditions, although constructed was therefore not used as no 

more useful information was thought to be obtainable by this method 

for P.E. 

8.3.2. Seeded Solutions in stirred cells. 

8.3.2.1. Experimental Testing of Mathematical Model. 

Figure 8.3. shows a selection of product crystals after 

growth in the stirred cells, obtained by filtering the suspension 

after an experiment through a No.l Whatman filter and washing with
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acetone to avoid agglomeration. 8.3a shows a typical seed (Batch BE 

89 - o> sieve fraction) after attrition in a saturated solution 

with a stirrer speed of 2000 r.p.m. As expected the attrited 

crystals were irregular with a wide size distribution. Figure 8.3b 

shows a typical Batch E product grown under the usual experimental 

conditions in the stirred cells of initial Ab c “4% with 2 g of 

seed. As this had been carried out at 70°C, growth was faster than 

at lower Cienetcte ae and crystals would be expected to be weaker 

than if grown at a lower temperature. However, although the product 

was irregular in shape, as might have been expected after the attempts 

to grow impure single crystals, there appears to have been very little 

attrition. Figure 8.4. shows graphically the analyses of attrited 

Batch E seed and R.E.15 product which was ahalysed by both the Image 

Shear and Coulter Counter techniques. The Coulter Counter analysis 

of the attrited seed only is shown as the Image Shear analysis 

(table 27) showed a marked deviation attributed to the irregular 

crystal shapes. The Coulter Counter analysis of the product was 

also considered more accurate than the Image Shear method because of 

the dependence of the Image Shear method on a characteristic dimension. 

The largest diameter visible on the microscope slide was normally 

taken with agglomerates which would account for the oversizing of the 

larger crystals. The dotted line indicates the calculated product 

size analysis with an overall diameter increase of oy (from R.E.15). 

Figures 8.3 ¢ and d show the product crystals of R.P.E.12 

using refracted and reflected light respectively. The crystals are 

more regular than with the impure material and are transparent.
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Some large agglomerates are formed which were also indicated in the 

size analyses (figure 8.5). As the analysis is on a number % oversize 

basis, agglomerates deplete the number % of the smaller sizes and might 

account for the deviation from the calculated product size analysis. 

Although agglomerates look well formed as though a result of growth, 

agglomeration might also occur in the filtration process. Heyes 

there was no method of distinguishing between these possibilities. 

For an absolute experimental proof of the method of 

computation of results runs were carried out at different initial 

supersaturations and with different amounts of seed, at 60°C. 

However, results did not concur at equivalent supersaturations: 

faster growth rates being indicated with higher initial supersaturations 

and also with smaller amounts of seed. At first this was attributed 

to a surface roughness effect proportional to the mass deposited per 

unit surface area, but examination of the products shows it in fact 

to be a result of attrition. It appears that there is a critical 

time or size increase (for a particular growth velocity) beyond which 

the crystals grown become too fragile for the particular hydrodynamic 

conditions, resulting in attrition. The products of some of these 

experiments with size analyses shown in table 28 are shown in 

figures 8.3 e to j. It was therefore concluded necessary to limit 

initial supersaturations to ca./\c =%&4% and use at least 2 g seed. 

R.E.16 was carried out with the addition of 0.5 g ye 

particles of about oy average size and resulted ina 20% increase in 

growth rate . Examination of the product, figure 8.3 g, showed 

these particles to be integrated into the crystals. It was thought
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that this growth rate enhancement was a result of an increased number 

of adsorption sites caused by the particles since the particles did not 

themselves create nucleation. The effect of filtering solutions 

through a oat } filter (the finest available) was therefore examined. 

Results were anomalous and showed a poor reproducibility. Examination 

of R.E.F.4 product, figure 8.31, table 27, showed this to be due to 

attrition. It was concluded that brittle crystals were caused by 

growth free of heterogeneous particles. 

8.3.2.2. Batches B, F and G. 
  

These three materials were all found to show crystal growth 

inhibition fer greater than that expected due to the known impurities 

indicated by the gas chromatographic analysis. The conclusive proof 

of an unknown contaminant was made by comparison of P.G. and P.E. 

materials (i.e. purified of known impurities) when P.G. was found to 

be greatly inhibited. Attempts to neutralise the contaminant were 

unsuccessful ana although benzene was found to extract a certain amount 

of the contaminant the most efficient extraction was made using 

Molecular Sieve Type iX. An estimation of the contaminant content 

made iby burning off th molecular sieve extract and finding the loss in 

weight with six successive extractions indicated an original 

contaminant concentration of O »26% in Batch P.G., and 0.0329 p.p.m. 

contaminant left in solution after the sixth successive extraction. 

However even after these 6 extractions, experiment 97 showed complete 

growth inhibition with /\c = 1.2% at 70°C whereas purified Batch E 

grew at a reasonable rate under these same conditions. A comparison
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of purified Batch A with purified Batch E, indicates that Batch A was | 

also contaminated, and it seems fortuitous that these materials 

(A, B, F and G) all contain Z 0.1% Di-P.E. It was thought possible 

that the contaminant might inhibit this side reaction for the formation 

of Di-P.E. and therefore be present early in the manufacturing processe 

The nature of this contaminant is still unknown. Although 

it was found in the previous work (1) that a trace of oil completely 

inhibited crystal growth, P.E. has since been found to be 

hypersensitive to other impurities. Further growth inhibition was 

found fa) when the material was sieved through a sieve which had been 

used for a si10,/40, catalyst, and (b) when a polythene bucket was 

used in the preparation of pure P.E. 

As the exact amount of contaminant was unknown for these 

materials, growth rates obtained were only relative and were not 

studied in detail. 

8.3.2.3. Batches C. D and E. 

These materials had reasonably comparable chemical analyses. 

The growth rates obtained were of the same order and the differences 

could possibly be attributed to the differences in the known 

impurity contents. The results were fitted to the correlation 

gee Ee 3” by the method of least mean squares, and the 

following results obtained:-
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BATCH D: 

Run ° Corrected 

No. os . Tempe “Si iy . 

RivDs uk 70.0 70.2 0.00161 2.386 

R.D.1+3+4+6! 70.0 7O02e 0.00126 2.266 

Ret De 7 70.0 WOve 0.0127 Dare 

BATCH CG: 

Run o Corrected 

No. To : Temp. °C. re. A 

a. 0, 0 60.0 60.1 0.000847 2.851 

Re Ce" 7 50.0 50 aL 0.0000325 1.814 

Re CoL4 70.0 W002 0.00193 2.261 

Re Csi 30,0 5020 0.00000267 1.438 

Rs Cea7., 4O.0 40.0 0.00000541 1.497 

BATCH E: 

Run , % Corrected 

No. ° Temp. C. ky, b 

R. BE. 4 60.0 60.1 0.000194 1.908 

Re. Bel? 70.0 Wee 0.000623 1.693 

R. E.38 50.0 50s. 0.0000403 1.696           
  

  

  

  
R.D.1. with Batch D 44 - 64 » seed at 70°C showed a 

comparable growth rate with R.D.3, 4 and 6 using different seed size 

and Batches, and carried out in different cells. The results are
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shown in figure 8.6. The ky values for R.D.1. and the combined Senki 

R.D.1, 3, 4 and 6 compare better than appears at first sight, e.g. 

g values calculated from the given correlations at s = 0.1 are 

6 and 6.8 x 107° respectively. The exaggerated k, 6.6 x 10° 

difference is due to its sensitivity to the exponent b. For better 

accuracy a wider supersaturation range should be used, but this is not 

possible for P.E. without causing attrition of seed crystals or creating 

nucleation. 

R.D.7? with P.G. seed is also shown for comparison but has a 

very much higher growth rate than with the impure seed materials. 

This phenomenon of enhanced growth using pure seed with impure 

solution was also found with Batch G solution (experiments 54 and 55). 

It could possibly be due to both depleted impurity content in the 

solution due to the impurity diffusion into the crystal to achieve 

equilibrium and this causing dislocations in the crystals. 

Growth results of Batch C over the temperature‘ range 30°C to 

70°C are shown in figure 8.7 together with the least mean squares 

correlations. With the exception of R.C.6 at 60°C the exponent b 

decreases progressively with temperature. This could possibly be 

due to a contaminant having a different equilibrium partition 

coefficient at different temperatures. Batch C however showed a 

similar growth rate to Batch E which was thought to be contaminant 

free, as extraction with molecular sieve had shown no effect on the 

growth rate. The growth results for Batch E are shown in figure Ope 

The sensitivity of the kz value on b is further demonstrated by a 

comparison of Batches C, D and E at 70°C. Although Batch E has the
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lowest ky value, growth rates over the supersaturation range measured 

were in fact faster than either Batch C or D. ‘4 values have been 

plotted vs = where T = degrees Kelvin, in figure 8.9. Batch E can 

be correlated for 50> t > 70°C by the equation: 

Se 5938 
1.0816 Kk, = 14.07 - ae. 

with an Activation Energy of 27.2 Kcal./g.mole., and an overall 

equation for Batches C. D and E for > T. 70° is: 

6892 Log ade, = 170 =e 

with an Activation Energy of 31.5 Kcal./g.mole. 

The deviation of the points from this latter correlation is 

large, but if a contaminant is present having a changing partition 

coefficient with temperature this would make the simple Arrhenius 

type correlation invalid. 

8.302. 4.  Punified Batch E. 

Batch E with the highest growth rate of the impure Batches 

was thought to have the least (if any) contaminant, and crystal 

growth rates for the purified material were determined. The results 

obtained were unexpected. Figure 8.10 shows the results of 

R.P.E.7 (Ac = 2.64% ) and R.P.E.20 (Ac = 3.88) poth at 70°C. 

Both show an apparent break point in the correlation with the growth 

rates obtained displaced from each other. R.P.E.18 at 25°C 

(figure 8.11) also suggests this apparent break point, but it is not 

present at the lower temperatures of 60°C and 50°C. R.P.E.17 and
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the repeat experiment R.P.E.19, at 40°C (figure 8.12) both show an 

increase in crystal growth rate with decreasing supersaturation to a 

maximum value (higher than that at 60°C for an equivalent supersaturation) | 

before decreasing. This growth rate after achieving the maximum value 

then remains higher than equivalent values at 60°C. 

The only explanation thought possible is that of a contaminant 

effect. Any roughness effect to explain the break point at the 

higher temperatures (i.e. by achieving a constant roughness) would be 

expected to be consistent at all temperatures. If it is assumed 

however that the system contains a contaminant which will achieve an 

equilibrium partition between the crystals in suspension and the 

solution, then: 

(@) At high temperatures the break point might be explained by 

the contaminant gradually being adsorbed on the crystal surface and 

rapidly decreasing the crystal growth rate by blocking adsorption 

sites until (at the break point) contaminant equilibrium is achieved 

when the growth will proceed at a slower rate than in the absence of 

contaminant. 

() At low temperatures (e.g. 40°C) the maximum value might be 

explained by assuming a different contaminant partition coefficient 

whereby all the contaminant was soon adsorbed on the crystal surface 

almost completely inhibiting growth initially and then as growth 

proceeded the inhibiting regions gradually became covered by layers 

of purer crystal. Eventually at the maximum value the solution was 

purified of contaminant and growth proceeded from pure solution onto 

pure crystal surface.
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It is thought that the reason this contaminant effect was not 

so peculiar for the impure solution (Batch E) was because of the 

greater relative number of adsorption sites. It can be seen from 

examination of the product crystals figure 8.3b and d that the surfaces 

of pure crystals are far smoother than those of impure crystals. 

It was therefore thought that although the same contaminant partition 

coefficient exists, there were many more adsorption sites with impure 

P.E. crystals and the percentage @ffected by contaminant was less and 

therefore did not have such a pronounced effect on the growth rate. 

The results of ky for 75 > 7, >, 50°C obtained from all the 

data points for each experiment are shown below: 

  

  

je i pee he » 

R.P.E. 7 70.0 102 1.066 4.528 

R.P.Bel2 60.C 60.1 0.000674 1.774 

R.P.E.16 50.0 50-1 0.0000195 0.449 

R.P.E.18 75.0 750d 0.300 3.530 

RoPeb.cO 70.0 70 02 0.0457 G16, 0/24               
Although the contaminant markedly effects the above 

correlations these overall Ky values have been plotted vs = 

(figure 8.13) to give an indication of the activation energy of the 

pure P.E. in the presence of this trace amount of contaminant. The 

results can be correlated by: 

- 19030 Logi Kk, = 54.0 - aot
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indicating an activation energy for growth of 87.0 Keal./g-mole. 

  

8.4. Suggestions for Future Work. 

Because of the overlap phenomenon observed with the 

dissolution experiments it would be interesting to investigate further 

the cause of this initially enhanced concentration. It has been 

suggested that it might be due to the method of preparation of the 

crystals used in the test, producing a non-homogeneous impurity 

distribution. The effect of isothermal batch preparations of 

crystals at different temperatures before dissolution could be 

investigated to find if there is a partition coefficient effect. 

It would also be interesting to check the effect after annealing the 

crystals to induce diffusion of the impurity within the crystal lattice 

and so create homogeneous composition. 

The effect of temperature on the partition coefficient of the 

known impurities Formal and Di-P.E. should be studied, particularly 

below 50°C, to see if this could explain the enhanced solubility of 

the impure material at the low temperatures above that suggested by 

the correlation (for above 50°C). Equilibrium should be approached 

from dissolution with only a small excess of solute present. 

In order to obtain further information on the growth rate of 

P.E. and to correlate the data obtained in this work which is at 

present only related to the particular Batches of material with 

suspected unknown quantities of an unknown contaminant, this unknown 

contaminant should be identified, analysed and removed in order that
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realistic growth rates might be obtained. Although extraction with 

molecular sieve type 13X was found effective for higher contaminant 

concentrations, it had no apparent effect with the extremely small 

concentrations thought to be influencing the crystal growth of the 

"purest" material (i.e. P.E.). Purification might possibly be 

achieved by repeated extraction with redistilled Analar benzene. 

The only method for the determination of the presence of the 

contaminant resulting from this work is by cbaiab tees of the crystal 

growth rates. As it appears that the effective contaminant 

concentration is &¥ Pepem. quantitative analysis might prove difficult. 

However as it has such a pronounced effect on crystal growth it is 

possible that the effect on the surface energy of the system would be 

large. It is therefore possible that a simple quick test might be 

devised studying the effect on the surface energy. by measuring the 

contact angle of the solution/crystal interface. : 

Although a preliminary investigation with Batch E at 60°C to 

find the safe working limits showed that one condition necessary to 

avoid attrition was an initial supersaturation of ( - So) < 4 with 

2 g of seed, this should be studied in more detail. Each material 

with associated impurities ought to be studied individually, as the 

impurities could be expected to effect the brittleness of the crystal. 

Each system could then be examined to find the effect of time, 

supersaturation and the amount of seed on the attrition occuring during 

the process. If carried out at near room temperature samples of 

suspension could be taken periodically and analysed with the Coulter
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Counter. Any deviations from the mathematical model used in this 

work, assuming simply growth of the seed according to the AL law could 

then be predicted under any growth rate conditions. Another parameter 

which appears to effect crystal strength is the amount of heterogeneous 

material present. It was 66k tk this work that crystals grown from 

a solution free of heterogeneous particles O45 y were abnormally 

brittle. Although the safe working limits to avoid attrition are 

known and were observed for these batch crystallisations, the strength 

or hardness characteristics of crystals grown under any conditions 

should be known before operating conditions of a crystalliser can be 

specified. 

It has also been shown that heterogeneous particles enhance 

crystal growth, possibly by creating dislocations in the crystal 

surface. The effect of the number and size of heterogeneous particles 

on the siaces of enhancement of the growth rate should be studied in 

more detail. 

If the contaminant can be removed the original problem may 

be approached, that is the effect of the two individual main impurities 

on the growth rate of P.E., the evaluation of the optimum crystalliser 

conditions and the testing of these conditions on a pilot plant 

crystalliser.
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CON-C LU. Gel ONS 

The immersion refractometer used with scale S was correlated 

for impure P.E. solution (concentration c % m/v) in the metastable 

zone by the equation: 

S = 2003%5 + 305622 ¢ + 0.0002313 c~ 

- 0.16974 T, ~ 0.0035888 as 

where qT is the observed temperature of a partially immersed 

thermometer oi 

The isothermal correlations for pure and impure solutions 

were well represented by the equation c = F + BS + Gs? with an 

average standard deviation of ca. + 0.04(% m/v) and are shown in 

tables 3 and 2 respectively, appendix A. 

The equilibrium of Pure P.E. in aqueous solution between 

30°C and 75°C is given by the equation: 

log, X = 4.980 - 122 

where x = P.E. mass %; T = degrees Kelvin. 

The equilibrium of impure P.E. (with ca. 5% Formal) in 

aqueous solution my 50° with solids present equivalent to a 

supersaturation of about (c ~o. ) ==4% is given by the equation: 

10839 xo S"-55073 = 1208
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os. ea hes . : 
Below 59°C the solubility of impure P.E. is gveator than that 

expected from the above correlation. 

The presence of the Formal impurity in. P.E. enhances the 

solubility. 

Di-P.E. does not appear to affect the equilibrium value at 

the concentrations used but with the materials used it 

accelerated the rate of attainment of equilibrium from dissolution. 

A correction was necessary to the Coulter Counter Theory to 

7 
allow fur particle shape and size of a P.E. crystal during size 

analysis. Tis correction amounted to about 5% of the 

equivalent spherical volume diameter at the recommended 40% 

particle/orifice diameter ratio limit with a 260 pp orifice tube. 

Computer program 1 may be used to predict the product size 

analysis of crystals of a known seed size distribution, by 

measuring the mass increase when grown at constant supersaturation 

and woen suface integration rate centrols. 

Computer program 2 may be used to calculate the crystal 

growth rate of seed crystals of known size distribution, grown 

in a batch crystalliser, by following the decrease in solution 

concentration with time. 

Tae surface integraticn rate was crystal growth rate 

controlling for the conditions studied (i.e. Ty 70°C).
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Heterogeneous particles enhanced crystal growth rate. 

The ahsence of heterogeneous particles for the crystallisation 

of P.E. results in brittle crystals. 

P.E. material Batches A, B, F and G were contaminated with ° 

an unknown impurity not analysed on the gas chromatograph, which 

inhibited crystal growth. 

This contaminant could be partially extracted using 

Molecular Sieve Type 13X. The total concentration of 

contaminant in Batch G was estimated to be 0.26%. 

Correlations of the type g = ky s° were fitted to the 

results of Batches C, D and E and the exponent b was found to 

vary according to material and temperature, with an average value 

of about 2. 

Kk, values for Batch E, 50°c > wee 70°C were correlated by: 

1 

  

on = qh. fhe eee S19 KR 44.07 ii 

with an activation energy of 27.2 Keal./g.mole. 

Tae overall correlation for Batches C, D and E 

° oO 
30 C>T, > 70 C was: 

' 6892 
1esi9 ky ee gO eb ee Eater. 

with an activation energy of 31.5 Kcal./g mole. 

Purified Batch E, thought to be the purest material used,



20. 

a 

showed unusual growth rates with respect to supersaturation. Atv 

high temperatures there is an apparent break in the log g vs log s 

correlation with two apparent straight lines of different slopes be 

At low temperatures the growth rate increased to a maximum 

for decreasing values of supersaturation before decreasing on 

further decrease of supersaturation with an enhanced growth rate 

to that anticipated. These phenomena were attributed to the 

presence of a trace amount of contaminant (< 0.01 pepem.) anda 

changing contaminant partition coefficient with temperature. 

An average overall correlation for purified Batch E of the 

type g =k, 3° was found at each temperature > 50° and the 

Kk) values obtained correlated by the equation 

19030 

indicating an activation energy of 87.0 Keal / g.mole.



APPENDIX A= CALIBRATION AND EQUILIBRIUM
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TABLE: 1 

MANUFACTURER'S CHROMATOGRAPHIC CHEMICAL ANALYSIS 

  

  

MATERIAL BATCH DI-PENTAERYTHRITOL % 

A 0.1 

B £0.1 

C 3.0 

D 1,0 

BE 0.9 

F € 0.1 

Gq NONE 

DEPE 

PURIFIED MATERIALS <On4     

FORMAL %* 

4.73 

4. 98 

43 

525 

542 

505 

52 

4.0 

CO1 

  

x COMPARATIVE ONLY (NOT MASS %) 

 



  

ee: ee 

TABLE: 2 

ISOTHERMAL REFRACTOMETER CALIBRATION CORRELATIONS 

  

  

    

| 

4 

BATCH D : 1 0% Di-P.E., 5.5% FORMAL 

pt [~~ LEAs? mean Sqanes Fit =~=——S~*«*~SSs sea 
: o = % n/v DEVIATION 

20.0 @ = -4.194 + 0.27828 t0.044 
20.0 © = =4.124 + 0.27548 + 0.00002478* to.oaa 
25.0 C= -3.727 + 0.27795 0.060 
25.0 c = 4.095 + 0.29175 - 0.00011868% to.048 
30.0 Q = ~3.346 + 0.28008 to.058 
30.0 © = =36743 + 0.29518 - 0.0001337S" to.042 
3540 0 = =2.876 + 0.28138 10.055 
35.0 © = =34208 + 0.29408 - 0.00010708" 0.037 
40.0 © = =2.330 + 0.28208 0.055 
40.0 0 = =2,635 + 0.29358 - 0.00009308" 19.032 
45.0 o = ~1.794 + 0.28368 %o.064 

45.0 ¢ = =2.116 + 0.29628 - 0.000106582 0.037 
50.0 a = =1,168 + 0.28448 0.069 
50.0 o = -1.479 + 0429668 - 0400009908 +5 .036 
55.0 c = =0.499 + 0.28585 %0.072 

55.0 © = -04918 + 0.30108 - 0.00012048" o.043 
60.0 0 = 0.234 + 0,2865S 20.093 

60.0 ¢ = -04299 + 0.30588 - 0.000148282 t0.036 
65.0 c= 0,983 + 0.28798 to.099 

65.0 c = 0.473 + 0430758 = 0.000157682 to .038 
7060 0 = 1.758 + 04328958 to.092 
70.0 c= 1.319 + 0.30758 = 0.00015298° to .030 
75 20 0 = 2.714 + 0.28898 to .089 

75.0 0 = 2,222 + 0.30688 - 0.00013878° to.041    
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TABLE: 3 

PURE PENTABRYTHRITOL 

  

  

    

  

    

: se gy a Se pe 

bia set: aed LEAST MEAN SQUARES FIT | DEVIATION 
Lees = = 4 

/ 40.0 ! O = -2.437 + 0.28528 $6,064 3 

40.0 {| o = =2.935 + 0.30725 - 0.00020888* to .864 

45.0 o = =1.930 + 0.28838 fo. 063 

45.0 © = =2.343 + 0.30768 ~ 0.00019188" to .017 

50.0 o = ~1.316 + 0.28958 ~0.045 

50.0 co = ~1.643 + 0.30588 - 0.0001699S" to. 004 

55.0 o = -0.549 + 0.28908 £o.001 

60.0 co = 0.116 + 0.29078 £0,001 

65.0 c= 0.777 + 0.29328 125 20.027 

65.0 o = 0.558 + 0.30198 - 0.00007568° to .016 

70.0 0 = 1.692 + 0.29278 to.028 

70.0 o = 1.820 + 0.28738 + 0.00005028 to.o1g9 

75.0 o = 2.342 + 0.29718 £o.030 
) : t 

75.0 o = 2.400 + 0.29445 + 0.00002628 | to.030 | 
j ' ; 
9 cen alfa eco areata acsearle oni Salgiicas aoe il eal S 
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TABLE4 ¢ EQUIVALENT. REPRACTOMBIDR SCALES 

SO ee] t ) SCALE | SCALE |CALIBRATTON | SCALE | SCALS Icazrpaacton 
ZaRcm | zurom | SCALE S ZEROED | ZEROKD | SCALE S 

UNZEROED 1B ! UNZSROB) 1B ng /1A PRISM}1B PRISM!( 1B+1.20) |} ng 1A PaISNi1B PaTsM!( 1341.20) 
thy i 

1.32548] =-5.00 | 4.65 =3.45  '11433633| 23.00 | 23.25 24.45 
1.32587] -4.00 j -3.65 -2.45  {|1.33672} 24.00 | 24.25 25.45 
1.32626} -3.00 ! -2.70 “1.50 111.33710! 25.00 | 25.25 26.45 
1.32665] «2.00 | <1.70 -0.50 1||1.33748, 26.00 | 26,25 27645 
1.327041 -1.00 | -0.70 0.50 {11.33786] 27.00 | 27.25 28.45 

| 1.32744} 0.00 | 0.30 1.50 1|1.33824] 28.00 | 28.25 29.45 
} 1.327831 1.00 | 1,30 2450 11.33862' 29.00 | 29.25 30.45 
11.32822| 2.00 | 2.30 3.50  $11.33900! 30.00 | 30.20 31.40 
4e3e0611 44,00 | 3.30 4.50 1.33937! 31.00 | 31.20 32.40 
1 1.32900] 4.00 | 4.30 5.50 111433975, 32.00 | 32.20 33.40 
WSpgs0 Ts 5a00 1: B38 6.50  ‘11.34013! 33.00 | 33.20 34.40 
1.32978| 6.00 | 6.30 7.50 111434051] 34.00 | 34.20 35.40 

11453026] 7.00 | 7.25 8.45 11234089} 35.00 | 35.20 36.40 
1.33055; 8.00 | 6.25 9.45  |11.34127} 36.00 | 36.20 37.40 
1.33094] 9.00 | 9.25 | 10.45 {l1.341641 37.00 | 37.20 38.40 
1.33133] 10.00 | 10.25 11.45  |11.342021 38.00 | 38.20 39.40 
1.33171| 11.00 | 11.25 12.45 1.34239; 39.00 | 39.15 40.35 
1.33210] 12.00 | 12.25 13.45 111.342771 40.00 | 40.15 41.35 
1.33249| 13.00 | 13.35 14.45 [1.34315] 41.00 | 42.15 42.35 
1.332871 14.00 | 14.25 15.45 [1.343521 42.00 | 42.15 43.35 
1.33326} 15.00 | 15.25 16.45 £5 9a 43.00 43.15 44.35 

1.33364 | 16.00 16425 1745 1.34427; 44.00 44.15 45 235 
1.33403] 17.00 | 17.25 18.45 {1.344651 45.00 | 45.25 46.35 
1.334411 18.00 } 18.25 19.45  !11.34502} 46.00 | 46.15 41635 
1.33480} 19.00 | 19.25 20.45  '1.34539! 47.00 | 47.25 48.635 

| 1433518 | 20.00 | 20.25 21.45 Ia. 3457 48.00 | 48.15 49.35 
1433556 | 21.00 | 21.25 22.45 '11.346141 49.00 | 49.15 50.35 
1.33595 | 22.00 | 22.25 23.45 134652, 50.00 | 50,15 51.35         
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TABLE: 4 (CONTINUED ) 

tor 

  

  

    

| SCALE | SCALE |CALIBRATION SCALE | SCALE | CALIBRATION 
| ZEROED | ZEROED | SCALE S | ZEROED | ZEROED SCALE S 

UNZZROED 1B UNZEROED 1B 
np | 1A PRISMI1B PRISM|( 1B+1.20) n, {1A PRISMI1B PRTsMl ( 1B+1.20) 

1.34688 51.00 | 51.15 52.35 111.35712! 79.00 | 79.05 80.25 
1.34725] 52.00 | 52.15 53.35 1.35748] 80.00 | 80.05 81.25 
1.34763] 53.00 | 53.15 54.35 1.35784} 81.00 | 81.05 82.25 
1.34800] 54.00 | 54.15 55.35 1.35820, 82.00 | 82.05 83.25 
1.34837} 55.00 | 55.15 56,35 1.35855} 83.00 | 83.05 84.25 
1.34874} 56.00 | 56.15 57.35 1.35892} 84.00 + 84.05 85.25 
1.34910} 57.00 | 57415 58.35 1.35928] 85.00 | 85.05 86 025 
1.34947] 58.00 | 58.15 59.35 1.35964} 86.00 | 86.05 87 625 
1.34984) 59.00 | 59.15 60.35 1.35999| 87.00 | 87.05 88.25 
1.35021) 60.00 | 60,15 61.35 1.36035} 88.00 | 88,05 89425 
1.35057] 61-00 | 61.15 62.35 1.36070! 89.00 | 89.05 90.25 
1.35094, 62.00 | 62.15 63.35 1.36106} 90.00 ! 90,05 91.25 
1.35131! 63.00 | 63.15 64435 1.36141} 91.00 | 91.05 92.25 
1.35167| 64.00 | 64.10 65430 1.36177{ 92.00 | 92.05 93,25 
1.35204] 65.00 | 65.10 66.30 1.362127 93.00 | 93.00 94.20 
1.35240} 66.00 | 66.10 67.30 1.36248} 94.00 | 94.00 95.20 
1.35277! 67.00 | 67.10 68.30 1.36283} 95:00 | 95.00 96 .20 
1.35313! $8.00 | 68.10 69.30 1.36318} 96.00 | 96.00 97.20 
1.35350] 69.00 | 69.10 70130 14363531 97.00 | 97.00 98.20 
1435386] 70.00 | 70.05 711425 1236389} 98.00 | 98.00 99-20 
14635422] 71.00 | 72.05 72.25 1236424} 99.00 | 99.00 100.20 
1.35459] 72.00 | 72.05 73025 1.36459] 100.00 100.00 101.20 
1.35495| 73.00 | 73.05 74.25 1.36494|101.00 {101.00 102.20 
1.35532| 74.00 | 74.05 15.25 1.36529}102.00 1102.00 103.20 
1.35568! 75.00 | 75.05 16025 1.36565} 103.00 {103.00 104.20 
1.35504] 76.00 | 76.05 77.25 1.36600]104.00 }104.00 105.20 
1.35640] 77.00 | 77.05 78025 1.36635] 105.00 {105.00 
1435676} 78.00 | 78.05 | 79425 

i {                  



  

TABLE: 5 

BATCHES D AND F DISSOLUTION TESTS 

  

  
  

  

  

  

  

  

  

  

  

                    

BATCH D BATCH F 

DISSOLUTION TEST No.s D.D.4. |D.D.5. |D-D.6, (D-Do7. |D.D.14 |[D-D.9. {D.D013/D.F 22, |D.Fa3. 

t (c) 60-0 | 60.0 | 60.0 | 60.0 | 55.0 : 50.0 | 40.0 | 60.0 | 60.0 

EQUIVALENT RUN ; 
INITIAL CONC .c, (Yan/v ) 27650 | 24.65 | 26.0 | 23.0 | 21.5 | 24.0 {15.25 | 24.0 | 2745 

P.E. = (co x 2.5 + SEED)g [70-75 |63025 | 6720 | 5965 [55675 | 62.0 [40.12 | 62.0 170.75 

H20 = 250 = 2.50c oo? ae hs 

1.396 201 | 206 [203.5 | 209 {211.5 ]207.5 | 223 | 207 | 201 

TOTAL MASS % (fraction) 26.05 | 23.5 {24675 122.15 | 20.9 | 23.0 | 15.3 | 23.0 {26.05 

MAXIMJM VALUE (SCALE S) 69.9 | 69.6 | 6907 | 6968 | 65.6 | 63.2 | 56.2 | 73.8 | 74.2 

EQUILIBRIUM VALUE (SCALE S) | 69.3 | 68.7 | 68.9 | 68.6 | 62.0 157.6 | 49.0 | 68.7 | 69.3 

MAXIMUM CONCH. ¢(%n/v) 20.352 |20.267 |20. 295 | 20.324 {18.309 |16 6871 }13.566 |21.462 21.575 

EQUILIBRIUM CONCN. c(%m/v) |20.181/20.010 30.067 119.981 17 6281 15.277 {11.602 |20.010}20.181   
  

e
e
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TABLE: 6 

BATCHES D AND F EQUILIBRIUM RESULTS 

(OBTAINED FROM DISSOLUTION) 

  

  

  

TOTAL P.E. CONCN. EQUILIBRIUM 

TEST |T °c (CORRECTED EQUIVALENT GROWTH x 

TemP.°c |RUN.INTTIAL CONCIMm/v]4SEED(g)]}o Faa/ | MASS % 

DeDele |30.0} 30.0 12.5 2 9.124) 8.911 

D.D.10 140.0] 40.0 14.0 2 11.552! 11.205 

D.D.13 [40.0] 40.0 15.25 2 11.602) 11.253 

D.D.12 }40.0} 40.0 1765 2 11.751] 11.393 

) Dell 50.01 50.1 1905 2 15.106} 14.512 

1D.De9. 150.0] 50.2 24.0 2 15 «277| 14.668 

DD 55.0] 55.1 21.5 2 17 281] 16.502 

xD Pd, 60.0} 60.1 24.0 2 20.010] 18.969 

+ 60.0] 60.1 26 00 1 20.039! 18.994 

D.D.6. 160.0] 60.2 26.0 2 |20.067/ 19.019] 

+ 60.0} 60.1 2765 0.5 |20.096} 19.045 

+ 60.0] 601 27.65 1 20.153} 19.095 

DDe4 |60.0] 60.1 2705 2 20,181) 19.122 

Pao 70.0| 70.2 2765 2 |26.211] 24.437 

st 10.0| 702 70.0 2 {26,3111 24.523             
      
+ INTERPOLATED VAIUES FROM FIGURE 5,5. 

LEAST MEAN SQUARES CORRELATION OF (2) RESULTS (FOR T> 50°C AND (o-q,)24%) 

log, x = 5.073 = 1265 
10 7
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TABLE: 7 

PURE P.E. EQUILIBRIUM RESULTS 

  

  

  

CORRECTED 
TU) 1 eae (°c) | cMm/v) | x(miss %) 

130.0 30.0 7.904, 76745 

40.0 40.0 10,610 10,319 

50.0 50.1 14.116 10.597 

60.0 60.1 18.634 17.716 

70.0 70.2 QA STIL 23.183 

7520 7503 286421 26 4345         

LEAST MEAN SQUARES CORRELATION: * 
fy 

1085 x = 4,980 ~ 1242 

where x = mass % T = degrees Kelvin 
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APPENDIX B .. COULTER COUNTER 

Bel. Operation 

It has been shown in section 6.2.1.2. that the response of the 

Couiter Counter is almost proportional to the particle volume. The 

deviation from proportionality and the dependence of particle shape on 

the responce inereases with the partiole/orifice ratio. For each sample 

analysis, therefore, a suitable orifice tube was chosen for the Coulter 

Counter, so that the size range of particles in the sample would be with- 

in about 13 to 40% of the aperture diumater. dn aqueous electrolyte vate 

used of 0.9¢g Nal1/100g 1,0 + 8.5g Pure P.E./100g H,0. This was such that 

the solution was saturated with P.E. at 25°C and the smll degrees of 

supersaturation involved during an analysis at room temperature would not 

effeot the particle size during the short time required for analysis, 

A small amount of sample (about 0-Olg) was placed in about 250 om? 

of eleotrolyte previously filtered with a 0445 porosity membrane filter. 

A few drops of non-ionic dispersant (NONIDET P40) were added and the 

suspension stirred at about 1000 r.p.m. for about one mimte. The 

suspension was then analysed by placing the beaker under the orifice tube 

and keeping it well stirred during an analysis to prevent settling. A 

controled external vacuum was applied indicating flow from the beaker 

through the orifioe and unbalancing a mercury syphone Releasing the 

external vacuum caused a syphoning action of the balancing mercury colum 

continuing the sample flow. The advancing mercury column contacted start 

and stop probes, at a fixed volume apart, activating the electronic 

counter. Equal-:volumes of suspension were passed through the orifice at
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preset threshold levels of the eleotronic counter, After each count 

the reset switch was depressed which zeroed the counting units and 

changed the polarity of the electrodes to prevent excess polarization. 

For each threshold level an aie of a number of counts was taken 

depending on the statistical variation. 

Bo2, Coinoicence 

The possibility that two or more particles are in the sensing zone 

at the same timc lea: tc what is called coinoidence error. This oan be 

of two fozms, primary and secondary ccineidence. Primary coincidence is 

the loss of ccunt which results from only one pulse being generated for 

the passage of two or more partioles. Secondary coincidence is the 

counting of a particle whose size is the sum of two or more partioles. 

For seconéary coinciience caused by a doublet a narrow size range of 

both partioles is required; i.e. two particles larger than 8 microns 

diameter are neeled to give a count equivalent of 10 miorons diameter. 

Also close proximity of the particles is required. So secondary 

coincidence is negligible for the low concentration used and primary 

coincidence correction only wac required. 

The primary coincidence correction is the addition of a number of 

1? t 

ny to the actual count Noe If the ooincidence level lies between 1% 

O% ji My Whey 1 

and 10% i.e. 0.01 Ro Si 0.1 noe 

1 3 “ee 
rt eG \ 

Then a, = Pan 4000 / 

Where the coincidence factor Po is obtained from the formula;



ie ANF: 

rc ! ‘\ 3 i \ ‘ < 

a Cae (500 | C Marge Sete 
Yoo RAF iced 

where D’ is the aperture dioneter in microns, and v is the netering 

manometer volume in nicrolitres. The factor 2.5 was obtained experimentally 

by Coulter Electronics Linited using a 100 micron aperture and a 500 

microlitre manometer volume at successive dilutions of counting on a mono- 

sized systen. In order to avoid exceeding the 10% coincidence level n, 

nust be less than 40? : 

    

  

        

D 
© 

fii hee berets asada 
: ORIFICE | MANOMETER j{ COINCIDENCE MAXIMUM COUNT 
| DIAMETER VOLUME | FACTOR FOR 10% 
| MICRONS MLS. | COINCIDENCE | 
t se ie re eee i cee wi 4 

560 2 109.76 910 | 
| 

280 2 13.72 7,288 | 
i 

: 3 i 

50 0.5 0.3125 320,000 

50 0.05 3.125 32,000 
{ 

§ = hen nme nee. - Dictate a non 4 meg em a nape rl 

Be3,. Calibration 

The calibration factor, Ke is used for conversion of threshold 

settings to particle volumes, or their cube roots to equivalent spherical 

dianeters. The calibration factor is constant for a given aperture 

dianeter and electrolyte resistivity. 

A quantity of nonosized particles, between 5% and 20% of the orifice 

diameter, such that the count obtained did not give more thon 2% coincidence 

was dispersed in the electrolyte, The suspension was dravm through the 

orifice with the threshold dial set on zero and the omplifier gain index
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on 3. The aperture current switch was adjusted to a value = where the 

pulses on the oscilloscope occupied about one quarter of the soreen ; 

height. The threshold dial ‘. was varied until the shadow line coincided 

with the height of the majority of pulses, and a count taken. Counts were 

taken at it, and 1s t and averaged. The threshold value to was found 

by trial an& error which corresponded to the average of at and 15 the 

The aperture resistance was measured by measuring the voltage, he 

between the outer electrode and earth, and calculating the aperture 

ri x My 

400 - V 
‘ : Q eae 

aperture current switch in the position used. Values of ry areim 

resistance from R ohms where ry is the resistance of the 

Aperture Current Setting a (ohne ) 

10 65,000 

9 115,000 

8 215,000 

7 415 ,000 

6 815 ,000 

From the Scale Expansion Factor, Fy tables supplied by Coulter 

Electronics, Bo was found for this aperture resistance at current 

setting i and on Gain 3. 

The Calibration factor K, was then found from K\ = D/ (+. Fe 

where D was the diamter of the monosized particles. The diameter 

corresponding to any threshold level ts can then be calculated from 

dD = KOvtsF,)- The appropriate interpolated Fy values for particular 

current settings on Gain 3 are shown in the following pages, Tables 11, 

12 and 13. For each consecutive lower gain index the Bo factor was
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multiplied by v2. Sinilarly for each consecutive higher gain index the 

a factor was divided by \2. 

As the electrolyte resistivity choanged with tenperature the Re 

factors are shown for the aperture resistances encountered and the 

calibrations were done over the temperature range expected. 

B.A. Size Analysis 

For each size analysis thereafter the temperature of the electrolyte 

was taken and so the calibration known. The chart showing the Coulter 

Counter Data representation is shovm on Tablel4. The first three 

colurms show the threshold settings. Column four shows the Scale 

Expansion Factors FP, for the particular gain index and aperture current. 

The product of this and the threshold setting fe gives the relative 

particle volune to column 12. Then using the calibration factor Ky the 

dianeter for this threshold is found fron D, = KV, (colum 13) The 

average of a nunber of counts, it is taken above this diameter, and is 

shown for three different sanples (colurms 5,6 ond 7) The average of these 

reading a, is taken, (column 8) and the coincidence error a calculated, 

The size analysis of particles present in the electrolyte as background 

count is shown (colurn 10) and the count a then corrected by 

wt { t 

re a sof (colunn 11} Finally the nunber percentage greater than 

Dd, is calculated (Column 14).
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TATIE: 8 = CALIBRATION 50 TUEE 

ELECTROLYTEs 0.9g NaC1/100g HO + 8.5g Pure P.E./100g H0 

MONOSIZED FARTICLES s: PUFF BALL SPORES d = J 062 

    

    

  

  

          

a5 t = 54 at 15°C to 25% 

ee i ee ae ce oe rae an | rea: eri 
Temp. °C } 1d “he os | 16. bE eee eee) 0 cee Be oh Ome YY 2A 25 

+ ! : } 

| 2 | | | 
Voltage $ 53 4 52 51 $ 50 50 49 5 48 ar; 46 (| 46 4 45 § 44 
Tem 8 | | | | ] | 

| lc ee 
nisiatglee 46.1} 4501 | 44.1} A3e2-| 430k}? 42.0} 40.9:| 40.0 | © 39.0 | 39.0} 38.0; 36.9 
Kru | | | | | 

'e 0.06616 apiece: 0.06598} C.06592 0.06585] 0. a 06574) 0.06574 /2.06568 5.06562 Bem apes oe 
e | DBT Ge D537 | 2.37 Fy BeBT | Pat} 2637 | O57 4 Bet 2.37 . 2.37 | 2037 | 2.37 

| ‘ j ! i 

tt ee L ‘ ye ee f i : a |     

  

  
ea a ta 

me 
OO
 
Ga
ce



MABLE: 9 CALIBRATION 28Q« TUBE 

6 = 8.5g Pure P.E./100g H,0 ELECTROLYTE: 0.9g NaCl/100g H 5 
2 

MONOSIZED PARTICLES: LYCOPODIUM POWDER d = 28.0v4 

              

ee t = 52 at 14°C to 25° 

= sa Toe Mi eee ar oe eee Bese ee BN ee te ee ek ee 3 

iTemp. °C 14 | 15 16 Ah SE ee 19 20 21 ee et 3 24 255 | : | | . “art . 
| Voltage 1207 | 72.6 12048 ) Wage 4 Tees 12.0 11.8 14.7 S165 gt T1584 114.3 14 T.= 8 | | : | | Ce oe 
Resistance! 9,53 | 9.43 9-28 | 9.20: 9.04 8.96 8.78 8.71 8.56 | 8.48 8.41 8.26 
ae: eee | 
Rs jO+06376 0.06375 0.06374. 0506373 30.06372|0.06371 | 0.06370) 0. 063690. 06368)0. 063680. wall 06365) 

{ i 1 i i 

iK. 18.8 | 18.8 18.8. +:-18.8 ». 9658 4 98.8 18.8 18.8; 18.8: 188: 18.8! 18.8 | 
! | | i | | | | | ! Le | ee fo AS oe ee hk ne : { i     

  camere: he eran eee ee tee F 

©:
 W
e
:
*



earn cae tes 
. 

Temp %¢ 

Voltage 

ITp= 8 

Resis tance 

Kin 

% 
Ke   

  

' 
1 
| 

| 
| 
i 

i 

' 

: 

' 
{ 
; i 

T* 9 t = 36 at 14% to 25° 

—— ae a . | ae i : : ~ 

Mae | 16 oF eee 2) 720). ee wee 25 1 On a5 8 
} { i : i } ‘ 

ee re be | | 
8.8 | 86 ,; 84 , 85 | Sel BD fl VO lat feoe 1 1A | Ted ta 

Peer | A | | | 
6.50 | 6.35 | 6420 | GIS | 5.97 | 5.90 | 507A | 5065 | 5.50 | 5044 | 5.36 | 5028 | 

| ; 
| : oe i 

0200507) 0.C0505' 0.00504; 0.00503) 0.00502; ae eee 0.00498) 0.00497! 0.00496) 0.00496} 0.00495: 

ee. | | 
A904 | 495 ' 49.5 | 49.5 | 49.5 | 4905 | 49-6 | 49.6 | 49.6 | 49.6 1 49-6 | 49.7 | 

; | ‘ 
Pe ee oe ee ee 

ELECTROLYTE: 0.9¢ NaC1/100g H,0 + 85g Pure P.E./100g 

MONCSIZED PARTICLES ; 

  

TABIE: 10 CALIBRATION 560. TUBE 

HC 

LYCOPCDIUM POWER d = 28.0 

  

    

  

 



TABLE: 11 

COULTSR COUNTER 'F' SCALE EXPANSION FACTORS - FOR USE WITH 50: TUBE 

  

  

    

  

                        

INTERPOLATED FROM COULTER ELECTRONICS LTD. DATA. 

{Resist | 
-ance 37 38 39 40.5%) oe 42 43 44 45 AB Nay 

Kn j Qo. ‘s - n 

B 1.00000 ! 1.00000 1.00000 1.00000 : 1.00000 ; 1.00000 ; 1.00000 { 1.00000 | 1.00000 {| 1.00000 | 1.00000 

} Fy 0.50200 | 0.502)0 | 0.50200} 0.50200 + 0.50200 } 0.50200 | 0.50200 i 0.50200 | 0.50200 ; 0.50200 {| 0.50200 

+ 0.25240 | 0.25260 | 0.25280! 0.25300 ' 0.25300 | 0.25300 | 0.25300 | 0.25300 0.25300 | 0.25300 } 0.25300 

A 0.12782 | 0.12788 | 0.12794 0.12800 | 0.12806 | 0.12812 | 0.12818 0.12824 0.12830 | 0.12836 | 0.12842 

es 0.06562 | 0.06568 | 0.06574 0.06580 ; 0.06586 |! 0.06592 | 0.06598 | 0.06604 | 0.06610 0.06616 | 0.06622 

Be 0.03452 | 0.03458 0.03464 | 0.03470 | 0.03476 | 0.03482 | 0.03488 0. 03494 0.03500 | 0.03506 | 0.03512 

By 0.01899 0.01906 0.01913 0.01920 | 0.01927 0.01934 0.01941 | 0.01948 0.01954 0.01960 0.01966 

Poo 0.01139 | 0.01146 0.01154 ; 0.01161 | 0.01169 | 0.01176 0.01183 | 0.01191 | 0.01198 0.01205 | 0.01212 

Bo 0.00782 | 0.00791 | 0.00800 | 0.00809 | 0.00818 +} 0.00827 | 0.00836 0.00845 ; 0.00854 | 0.00863 | 0.00872 

Flo 0.00655 0.00667 | 0.00679 } 0.00691 | 0.00703 ; 0.00715 0.00727 | 0.00739 | 0.00751 ; 0.00763 | 0.00775 

ag se j ib . ie 4. 

= 
£0
2 

~
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p
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Re
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TA
) 
a
h
h
 ea

d 
Oo 
o
m
   

t
o
n
e
 oO 

" ‘ 

Resis 

tance | 9.5 
age 

“pet 

} 
i 

! 1.00000 

0.50090 
0.25100 

0.12617 
0.06376 
0.03256 
0.01695 
0.00916 
0.00530 
0.00345   

> 

  

9.4 

TABLE: 12 

COULTER C( UNTER 'Ft SCALE EXPANSION FACTORS - FOR USE WITH 280,+ TUBE 

ce rm etn ermmen nemmn me = Be 

| 9-3 9.2 

o
e
 
+
p
 

  

1.00000 

0.50088 

0.25100 

0.12616 

0.06375 

0.03255 

0.01694 

0.00915 

0.00529 

0.00344 

0.50086 

0.25100 

0.12615 

0.06374 

0.03254 

0.01593 

0.00914 

0.00528 

0.00343   

1.00000; 1. 000:00 

(650084 

0.25100 

0.12615 

0.06373 

0.03253 

0.01563 

0.00913 

0.00528   

1.00000 

0.50082 

0.25100 

0.12614 

0.06372 

0.03253 

0.01692 

0.00912   .00322!0.00341 

$-
-~
   

on 

1.00100 

0.50080 

0.25100 

0.12614 

0.06372 

0.03252 

0.01691 

0.00912   
0.00340! 

L 

89 

RN api aint 

8.8 

1.00000} 1.00000 
0.50076) 0.50076 
0.25100} 0.25100 
0, 12613 

0.06371 

0.03251 

0.01690 

0.00911 

40052770 ..0052640.00525 

0.00339   

0.12612 

0.06370 

0.03251 

0.01689 

0.00910 

0.00524 

0.00338   
+ 

8e7 

2 ee 

1.00000 

0.50074; 

0.25100 

0.12612 

0.06369 

0.03250 

0.01688 

0.00910 

0.00524 

0.00337 

1.00000 
0.50072 
0.25100 
0.12611 
0.06368 

0.03249 

0.01687 
0.00909 
0.00523 
0.00336   

| 
0.5 | 

| 
Ds ccnaniensinttiewionn od 

8.4 

' 

1.00000! 1, 00000 

0.25100 
0.12611 
0.06368 
0.03248 
0.01687 

0.00522 

0.00335   
0.50070} 

0.00908! 

0.50068 

0.25100 

0.12610 

0. 06367 

0.3247 

0.01686 

0.00907 

0.00521 

0.00334   
se 

8.3 

Rs cb pa 

0.50066 

0.25100 

0.12610 

0.(6366 

0.03246 

0.01685 

0.00906 

0.00520 

0.00333   

eh
 
Le
 
a 

¢ 

i 
; L-00000!1.00000 

8e2 

| 

0.50064 

0.25100 

0.12609 

0.06365 

0.03245 

0.01684 
0. 00905 

0.00520 
0.00332   Y 

  

INTERPOLATED FROM COULTER ELECTRONICS LTD. DATA. 
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  wad 
oe
 oO 

Fesist| 

-ance 
Rr 

Lope 

| 
K 

i 1.00000 

|0.50004 
10.25100 

wee 

'9 06342 

1 0.03222 
!0.01661 
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TABLE: 13 

COULTER COUNTER 'F' SCALE EXPANSION FACTORS - FOR USE WITH 560, TUBE 

2 
  

5-4 

w
i
s
e
r
 

ae
d 

a
e
r
a
 

2 

505 

$e — 

| 
56 507 

  

1.03000 

0.5008 

0.251200 

0.12592 

0.06344 

0.03224 

0.01663 

0.50006 

0.25100 

0.12591 

0.06343 

0.03223 

0.01662   0.00882 {0.00883 | 0.00884 
1000494   10 .00302 
i 

00049540. 00456 

(0.00303 | 0.00304 
j } 

* 
Ss   

1.00C€00 

0.50€10 

0.425100 

0.12592 

0.06345 

0.05225 

0.01664 

0.00885 

9.00497 
0.00305 

1.00000 

0.50012 

0.25100 

0.12593 

0.06346 

0.03226 

0.01665 

0.00886 

0.00498 

0.08385   

1.00000 

0.50014 

0.25100 

Q.12593 

0.06347 

0.03227 

0.01666 

0.00887 

Q.00499 

PU 507   } 
a 

PDE ES oars 2 

58 509 

  

r 

6el 

Hp 

6 2 6 03 

cf ene ee 

665 

se tf   

1.00000 

0.50016 

0.25100 

0.12594 

0.06348 

0.03228 

0.01667 

0.00868 

0.00500 
0.00308     ’ é 

1.00000! 1.00000 

0.50018 

0.25100 

0.12594 

0.06349 

0.03229 

0.01668 

0.00889 

0.00501 
0.00309 

0.50020 

0.25100 

0.12595 

0.06350 

0.03230 

0.01669 
0.00890 

0.00502 
0.00310   

anole.   

1.00000 

0.50022 

0.25100 

0.12595 

0.06351 

0.03231 

0.01670 

9.00891 

0.00503 

0.00311   

1.00000 

0.50024 

0.25100! 

0.12596 

0. 06352 

0.03232 

1.00000 

0.50026 

0.12596 
0.06353 
0.03233 

0.01671} 0.01672 
0. 00892! 0.90893 
0.00504] 0.00505 
0.00312! 0.00313 

  
1.00000 

0.50028 

0425100} 0.25100 

0.12597 

0.06354 

0.03234 

0.01673 

0.00894 

0.00506 

0.00314   

1.00000 

0.50030 

0.25100 

0.12597 

0.06355 

0.03235 

0.01674 

0.00895 

0.00507 

0.00315} 
    4 

  

INTERPOLATED FROM COULTER ELECTRONICS LID. DATA 
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14 COULTER COUNTER DATA TABLE   

ATTRITION s SOURCHs SAMPLE:   

oR(x): a7, 
aa 
CALIBRATION FAC COINCIDENCE FACTOR(P) VETER VOLUME: ih MANO. APERTURE DIAMETER s 

APERTURE RESISTANCE: ELECTROLYTE: TEMEERATUREs DISPERSANT's 
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TABLE: 15 

COULTER COUNTER DIAMETER CORRECTION FOR 280). TUBE’. ORIENTATION | Bs 

Dep; Lu Djs i Dep Lp ; ie | Dep! “ba, 
heme me er ee mm na nec ato at eg rd Tee haa | alata one a meee! 
ee aly 13h 2 she 5 18 ‘101 °101,20: gee 

02 | 53.490 #102 102,14 
ee Oe ee as 103507 seer, 
ee Det 2413 | 55 432 11 104,00; 100.41 
51 2 7 566 i 15 fol. B 101.31 
2 i22° hs | 25369 5369, 106 oe 102,21 
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27 | 27.900 x er 1B B: 272 | (ote 123 |121.32] 117.13- 
23 | 28.928 | 27.930 || 76 Paty 5 | 12) |122.21] 11 92 

: 29 114 123 e 11 
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92 | 33«035 oe 895 0 181, Be | 185352 3 128 |125. 2 121.41 
33 | 34.060 oT 81 Be, fe 2 2290 |129 1126. 3 122 526 
3h | 35 /08h | 33-8 ; 82 0.226 |: 130 oe 123 10 
35 | 36.108 2 83 ef aa 161 |! 131 ; 125-9) 
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| 
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0} 41.216 3 93 |} 88 | 88,889 | 8.821 |} 136 ee 14 

i 4d | We 235 B 1 89 189.846 | & 16 13 139-98 128.97 
ke | 432253 81-704 | 90 190.802 | 87.669 | 138 4134.43 12969 
ee oh 42.743 1 91 IsDT | 290. eg aye 130.62 

22 (25 ; 6. = 
ds 16-30 4 de | 5 | ea pe ien Mt 136299 Be. 27 
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                46s 47331 | 9 609: 91 an | 142 ere 133s 09 
47 | 48.332 )46.664 |) 95 5 55] | 924259 1) 133590 
4S | 49.345 i s642 |; 96 1% | ie 1 153 33 ‘(2 
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COULTER COUNTER DIAMETER CORRECTION FOR 50, TUBE 5 ORIENTATION Be 
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COULTER ‘COUNTER DIAMETER CORRECTION FOR 560) TUBE. ORIENTATION Bs 
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COULTER COUNTER DIAMETER CORRECTION FOR oe TUBE. ORIENTATION Bs 

[ee te 1 Or | ‘| Depa: Oe » Dp | Doe Lp Dy | 
~ 89 $81,591 98.430 | 138 10.73 1135-88 1187 | 188.27 181.77 

40 92.607 | 89.411 | 1139 1 T1672 ca oan 18 | | 189. 4 e269 
' 91 193.622 | 90.391 1 140 ees D 189 1190.17) 1 

  

  
| 92 946636 | 91.370 a 44 Ps 190 191611: 
3D 5.651 926 | Hqy2 | He BY 32: oo 191 '192,.6' 1 ee 
94:96, 66 935328 (3 4 (1 4192 | 193.00! 1 3 
2 12 678 | 9 307 | ech i 9119 1193.95 18726 

! 96 {98.690 | 95.284 Lee 142 ae 1194 119 | 1 
| a ee 193 | aes 262 146 A eS at 1195 | 195.84’ 189,08 | 

, 100.71 | 976239 1 119560 1 . 1196 ' 19678} 189.99 | 
| 101. C 98.215 |! 148 | 150.58 Mp 4 123 197-32 190,89 | 

a. 102.74 | 99.191 |, 149 | 151 56 , 146 oe 1198 1198.66! 191.80 
; 101 (103.75 | 100.17 1150 | 152, 5 i | ney.28 | 199 | 199.60! ee 7 
| 102 1082 76 | 101, if 1151 1153.52 |148,22 200 1200.54! 1 
| 103 1195. Oe 12 | 152 | 15 59 0149.17 } 201 (201.47) 1 eis 

1 104 | afb tek 09 Re 155 8 150,11 #202 | 20241 | 1 2 
105 | 107.78; 1 15 es a 15166 !203 | 203434] i 233 
S : 10 “P| 19 { 138 Pays ' 152,00 2 ' 201,281 197.23 

1109. 16, 3 156 1150.41 1152.94 [205 (20.21! 19 ia 
| . 110,80 0| 106. 8 5 ‘Be. 38 153.88 |2G  |206.15, 199.03 
' 109 $111.81} «H {'158 ; 160,36 ; 154.82 |20 ee 199% 23 
110 | 112.82 | 108.92 159 | 161433 1155.76 i208 |208,00' 200.82     111 § 113.82 ; ee 89 !'160 ' 162.30 | 156.70 1209 |208,9)| Ase 3 
112 1 83 | 110.86 161 Ee 28 By. 4 210 | 209.87) 2 eae 
113, $195 683 | 111.83.) 162 | 1158.58 1211 1210.80! 2 
114 116.8 — 80 | 16 es: 2 | 159.52 O12 | 211% “ES 25. "ie 

1115 11176 ae ‘TT || 16 | 166% 19 | 160,45 a 1212.65 205.31 
116 1118;84 1165 | 167.16 | 161.39 i21 51: 20 «20 

1117 $119.04 5. 1166 | 168.12 | 162.32 215 1274. “30 Aue 10 
118 1120.84! 116.67 16 169.09 1163.26 jl216 [215 2 i so. 

119 1121584 | "7, 64 | 170.06 164,19 | 21 eae 35 | E 
| 120 aera .O4 | 118.60 16 | 171,02 tee | 121 ear: oe 

121 }i2 119.57 |'170/171 "92 1166.05 1219 | Sr 319. on 
| 122 Psa 120.53 rt it 2 eee: ie ay | 1BOD8 ie ;220 1219311! Pegs? 

2 2 21. 42 | er «91 !/221 1220503! 212. 
i Hes 84} 122.46 | 1 ne 3 3             

| 

88 | 168.0} | 222 220,94 213.32 
| 125] 127683 123.42 1175.84 | 169.77 |l22 ioe a 214,20 
| 126 1128. 837) 12.38 R80 1170570 | 22 ee 215.09 
| 127 1129.82 | 125.34 12 isp 1171.62 225 09: 215 1 
' 128 1130.82 631 }177 117 ff: (28 226 eye 216. 
| 129 1131.81 67] TF Pee 4 22 2255 a 2b 
' 130 1132. 81 12 222 {179 | 180.63 ; 174.40 | 22 206, 2 | 
| 131 1133480! 129.18 || 180 | 181.59 | 175.32 || 229 me 219.49 
: 132 I 579 | 130.14 |) 181 | 182.55 117625 1230 |22 220. 32 
| 13 Hage 79 | 131.10 +! 182 | 13690 | 1 ht 41231 1229, 5. 221.24 
| 13 136. 78 132,06 11183 | 184, 5 | 170609 1232 1230; 222.11 

135 377 | 133401 || 184 | 183.47 | 179+01 | 233 |230.96| 222,99 
1136 | 13.76 | 13 ee 11105 : 186436 | 119 +93 || 234 1231.06! 223 06 
137 (139.5 , 134492 11186 | 187.32 | 180.8 235 jeaee Tl; 224.74



COMPARISON OF DISPERSING TECHNIQUES WITH BATCH D SEED 

- 210 - 

TABLE: 18 
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TABLE: 19 COULTER COUNTER DATA 

SAMPLEs 1 SOURCE: BATCH E PREPARED SEED 89-1054 ATTRITION: 20 MINS. AT 2000 R.P.M. NEW CELL 

    sNCMOVER VOL UMEs 2mls. COINCIDENCE FACTOR(P): 13.72 CALIBRATION FACTOR(K): 18.8 

DISPERSANTsNONIDET P40+STIRRINS TEMPERATURE: 21°C APERTURE RESISTANCE:8. 71K ELECTROLYTE: AQUEOUS 0.9% NaC1+8.5%PE 

  

  

a eee eee or: “ + me 
n" = n= t= = | CUM 

GAIN . : ee s a! No% 
[rspEx | t* jl F n? n! n! Beet yy | genta | tt (FD Kt | OVERSIZE 
i io 4 wL00G] { 

4 300 ; 1 | 1.00000 teed 2 1 0 1 0 300 Ae n 
e3 210 | 1 | 1.00000 4 5 5 5 0 . 3 210 118 088 ae 
= 3 150 |} 1 | 1.00000 22 23 23 23 0 2 21 150 L008 |: 2.96 [4 

5 90 11 } 1.00000, | 44 1: 4404 pes, a7 0 2 45 90°F 6a,os ale 
3 60 | 1 | 1,00000 80 72 76 16 0 2 ee 60 75 | 6.66 
3 60 | 2 !0.56074 | 149 | 126 | 130 | 135 0 2 133 30 56.4 i 12.40 

3 60 | 3 | 0.25100 | 241 | 198 | 210 | 216 2 2 215 1551 1:46.4° 1. 20.00 
3 601 4°91: Osa 2630: | - 362 | SOR Bie eee 1 5 323 7657 | 36.9 ; 30.00 
5 60 5 0.05369 496 406 444 449 3 6 446 3.82 29.4 | 41.50 
3 60 |6 | 0.03250 } 684 | 552 | 598 | 611 5 10 606 1.95 | 23.5 | 56.40 
3 60 |7 | 0.01688 ; 826 | 706 | 772 | 768 8 14 762 1.012 | 18.9 | 70.90 
3 60 |8 {0.00910 | 959 | 817 | 864 | 880 11 21 870 0.546 | 15.4 81.10 
3 60 |9 | 0.00524 | 1039 ; 971 | 988 | 999 14 48 965 0.315 | 12.8 89.80 
3 60 110 | 0.00337 {1130 | 1@1 | 1165 { 1105 17 67 | 1055 !0.202 | 21.0 | 98.40 
3 30 {10 | 0.00337 | 1160 } 1119 | 1176 | 1252 18 97 | 1073 0.101 | 8.78 | 100.00 
4 30 | 10 ! 0.00238 j} 1005 | 1064 | 1104 | 1058 15 109 964 0.071 | 7479 |                           
 



TABIE:20 COULTER COUNTER DATA 

SAMPLE: 2 SOURCE: BATCH B PREPARED SEED 89-10}. ATTRITION::20 MINS. AT 2000 R.P.M. NEW CELL 

APERTURE DIAMETER: 280. MANOMBTER VOLUME: 2mls. COINCIDENCE FACTOR(P): 13.72 CALIBRATION FACTOR(K):18.8 

DISPERSANT: NONIDET P40+STIRRING TRMPTRATURE: 23°C APERTURE RESISTANCE:8.48Kn- ELECTROLYTE: AQUEOUS 0.9% NaCl+8.5%P.E. 
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: — he ny, —— — = “4 
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5 | 210°) 2. Paeeeest, 5 7 642 5 0 2 1.210 1 12 0.30 

5 | aol 1 -|2.00000:]° 90 1 27 9 10g ee 0 2 20 | 150 | 100 2.01 

3 90 | 2] 1.000000} 43 | 61} 42) 49 0 2 AT 90 | 84.2 4.72 

3 Zo | “3. | 1.000001 63. | 98 fe 77 a 0 Ohne FA 60 | 73.5 7.47 

3 60 | 2 | 0.50070 | 103 | 155 | 103 | 120 0 o:| Vas $95) 58u4 4 19 

3 60 | 3 | 0.25100 | 172 | 253 | 192 | 205 1 ge oe | 15,1. | 46.4 | . 20.5 

5 60 | 4 | 0.12611 | 265 | 338 | 298} 300 i 7|. 294 | 757 | 36.9 | 29.5 

3 60 5 | 0.06368 | 341 473 413 : 409 2. 4 397 382 29 4 29.09 

5 60 | 6 | 0.03248 | 424 | 636 | 528 | 529 4 $4500) 1.95. | 2365 |. 5062 

3 60 |. 7 | 0.01687 | 533 | 777 | 657 1 656 6 38} 624 | 1.012 | 18.9 | 62.7 

3 60 | 8 | 0.00908 | 643 | 862 | 858} 788 8 67 | 729 | 0.545 | 1504 | 7363 

3 60 | 9 | 0.00522 | 768 | 1038} 910; 90 11 66 | 830 | 0.324] 12.8] 83.4 
3 60 | 10 | 0.00335 | 868 | 1076 | 1007; 984 13 92} 905 | 0.201} 11.0] 90.0 
3 30 | 10 | 0.00335 | 884 | 1195 | 1178 } 1086 16 «| 1069-955 ~«=« | (0.10. | 8.78 | 100.0 
4 30 | 10} 0.00237 | 918 | 1227 | 1262 | 1069 16 iy 1 os6 | (010711 7.79 

~_ é. 
oe wey    



TABLE:21 COULTER COUNTER DATA 

SAMPLE: 2 SQURCH: 3ATCH E PASPARED SEED 89-105 ATURITIONs 20 MINS. AT 2000 R.P.M. NEW CELL 

APERTURE: 260 MANOMBTER VOLUMM: Qmls. COINCIDENCE FACTOR(P):13.72 CALIBRATION FACTOR(K): 18.8 

DISPERSANTsHONIDET P4O0+STIRRING TSMPERATUREs 22 “C APERTURE RESISTANCE: 8.48Kn. ELECTROLYTE: AQUEOUS 0.9% NaC1+8.5% P.E. 
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3 24 ee 1 | 1.0000) | 64 15 66 | 68 0 2 66 90 84.2 6.65 

-3 | 60 1s & P2.0000 SOF 1 a 99 99 0 2 97 60 1325 9.79 

3 60 |. 2 | 0.80070. 1-126 | 277-1 15871. ae 0 4 151: «30 58.4 15.2 
3 60 } 3 1°0.25100 | 233 | 253 | 260 | 249 : 4 246 15.1 | 46.4 24.8 
3 60 4 | 0.12611 | 321 388 355 354 2 4 352. 7-57 | 36.9 3505 
3 60 | 5 ; 0.06368 | 401 | 470 | 486 | 452 3 9 1- 446 | 3.62 | 29.4 45.0 
3, 60, 6 } 0.03248 | 516 | 662 | 673 } 617 5 17 605 bP.) °2559. | 61.2 
5 | 60% 7} OgOIGO7. 1.639 4 7455). Ti ee 7 19 706 5.012 16.9.) 71.1 
3 | 60 {+ 8 , 0.00908 ; 714 ; 89 } 909 | 831 9 26 814 0.545 | 15.4 82.2 
3 | 60 | 9 ! 0.00522 | 833 | 1039 | 1069 | 980; 13 33 960 0.314 | 12.8 96 9 
3 60 | 10 | 0.00335 $898 | 1097 11075 |} 19°77 | 46 991 0.201 ; 121.0 100 
3 | 30 | 10 | 0.00335 | 874 ; 1085 | 1073 | 1@11 4 55 | ote 0.101 | 8.78       
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TABLE: 22 

BATCH E PREPARED SEED SIEVE FRACTION 0-10, 
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112 0528 | 0.30 | O71 | 0.43 | 10765 faoa.2.| 1673 
100 1696/4 2,08 | 3 2452 2.16 96 68 89.6 3,02 

8402 4.18 | 4.72 | 6.65 ; 5.16 | Seed 773 4, 2,90 
73.05 6688 | 7047 | 9679 | 8495 | 7202 | peig | 5 yas 
58.4 12.4 11.9 1502 1302 | 5748 51.9 8.6 
46 oA 20,0 20:5 1 24.8 4 etn 4661 far | 9.9 
36 9 5080 "2905 350934 okel, 3608 33.1 | 10.4 
294 41s5 3909 4520 | 42.1 RF ep 26.4 | 1308 
23,45 50.2 61.1 55 09 23.05 21.2 | 12.3 
18.9 79.9 | 6207 Jil | 68.2 189 1702 | 10.7 
1504 | Blel | 7303 | 8202 | 7869 | U4 fay id | aaa 
12.8 8908 | 8364 | 96.9 | 90.0 128 1.9 Gis 
1140 | 9864 | 9068 {100 | 96.4 | 11.0 9.89; 346 
8.78 +100 100 |100 8.78 

Ziof 10040 _ {100.0 [100.0 _|100.0 | 
Alico D 3,295 [34155 [34580 [35553 _| 
ZNof xD~ 154,789] 151,273 | 162 830 ak pal 
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TABLE: 23 

SIZE ANALYSIS COMPARISON OF BATCH C SEED SIEVE FRACTION 44-64,.AF TER 
7 

ATTRITION IN CELLS A AND C_AT DIFFERENT STIRRER SPEEDS 

  

  

    

  

              

aR i 

CELL: A pale c 4 

STIRRER SPEED 500 R.P.M. 2000 R.P.M. at |. 500 R.P.M. 2000 RaP.Me | 
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DJA! Du | MEAN Dul No% OVER. No% | en OVER | No% iNo%OVER? Now No% OVER! No% 
cereale : i i 
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Rpplieeaetrs eC ce. Lali bealaalis “Q~— a ° t T ~ lie = 

6208 4 0 | 0 Ph gad 0 
| 77.3 1.18 ' 0,26 0.41 1.48 

712.02 1.18 0.26 | 0.41 1.48 
65.0 2343 | 8.08 10.24 9.52, 

57.8 24.65 8.34 10.65: 13,0 
51.9 23.8 11.65 113.45 14.4 

46 ol 48.3 19.9 os 4. ‘A? -Q5 eh 
A165 11.3 845 ai5% 11.5 

3668 59.6 2.44 35 02 36.9 
33.1 9.4 113.8 9.8 9.5 

29.3 69.0 4202 | 45.0 46.4 
26 4 ASS 111.0 is 10.5 

23465 71305 Bee 56.3 56.9 
21.¢ 112.5 | 8.9 1165 10.8 

18.9 8509 62.1 | 67.8 6767 
17.2 24! 18.9 14.4 15.2 

15.4 97.0 ey ee 82.2 829 
14.1 730 111.8 114.3 11.6 

12.8 98.0 92.8 | 96.5 | 94.5 
nal oe 2.0 | 6.3 365 5.5 

11.0 | 100 99.1 | 100 100 
: 9,89 i 0.9 

| 8675 100,05) 
| 

gees Ls Poet tae Rpt tee ctenbetnesi tee Shs lies eS oe be we ce eh aligaainics ae oon Gow ° 
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TABLE: 24 

COLLECTED SIZE ANALYSES OF SEED MATERIALS 

ATTRITED AT 2000R.P.M. IN STIRRED CELL C 

  

SEED BATCH: ! 
SIEVE reise A4~ aoe 

C 
3 
' 

D* 
C 
B89 Ww) 

  

; 

  

‘D of 

a renee b- « 

/ 126 

141 

112 |108   100 96.8 

4.21 
73451 
586415738 

46.4] 4661; 

36.9 

2964 

2305 

18.9 

15.4 

12.8 

82 3 

7202 

36.8 

2963 

12365 
189 

15.4 

12.8   11,0! 11.0 

8.78. 8.78 

7619' 1679 

6495 6.95 

MEAN. 

2 pm wane - - 

141.65! 

{14.1! 

Dye | OVER] 
Pye eee + = 

126 

114 

102 | 

89.6 

1103: 

65. 0} 
jit. 20 

51. 7 

  0 

j Le rae 

125.64 

| 36 04 

146 04 
Beh 

569 
21.2! 

\6767 

172: 

> 2      

194.65 
11.9) 

:100 
9.89! 

| 
8029 

757     6.20'6. 20, 
teleost chioeatbics 

6458 

¢neeQ - m0 ce ene 

Si 

No «fi Now No. i 
OVER 

  

aes 

No.%; 

  

    

suncmmmetnan. Teds 

{66.0 

| 
fale 

) 

{ 

. 

Phe ee) 15-09p 89-105 ya 

- eee 

ny 

E 

  

No.9 % 

| ovER 
ion: 

| 

0.05 
0.05 

10.88 
0.93 

3266 
20735 

6.84 
£035 

10.0 

14.7 

15.7 

15 sk 

2045 

3542 
50.9   144 
80.4: 

j11.2 

100 |     

tO 

0.50; 

6685 

39.6 

58.0 

6165 

68.5 

7502 

82.3 

95 +0 

100 

6} No.%, 5 Nol No Zi No 3} No. 

OR 
Deiat 

i 

i 

  

x 
791 

| OVER: 

0.50 QAP 

1.73. 
3202 

2490 

5415 
8.6 

0.43 

2.16 
6035 

32.8 
5 +18 

18.4 

305 

720 

607 

Tel 

12.7 

8.05 

Lee 

21.8 

31.7 

42.1 

559 

68.2 

78 9 

90.0 

909 

10.4 

13.8 

5.0 12.3 

10.7 

11.2 

6.4 
96 04 

100 
3 6   

i     
ie ag
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TABLE: 24 (CONTINUED ) 

COLLECTED SIZE ANALYSES OF SEED MATERIALS 

ATTRITED AT 2000 R.P.M. IN STIRRED CELL C 

  

    
  

  
x LOWER LIMIT OF SIZE DISTRIBUTION NOT ATTAINED. 

                  
      

  

SEED BATCH: I Pie et Pee eae 
SIEVE FRACTION 09-105 89~105 0 64=75 pa 89-105 

Dipl Dy | ty IRAN [No cae of Prono ie NoZOVER |No% jNo%OVER|No% 
: Dis ' ! 

141 {132 0 oo 
126 4.24 / 0.39 

1126 j120 4.24 0 0.39 
114 8.46 0.39 1.83 

112 }108 0 22.67 0.39 7122 
102 : 0.22 13.9 1.57 2.04 

89.6 “2 tOE SA 4.4 3564 1.26 
8442 182.3 0356 1 31.0 3734 5.52 

7703 0.35! 504 32.6 . 0.19 
730517202 0.91 34.4 70.0 5-71 

65.0 0,22 5.1 14.2 0.78 
5824 (5728 1.143 39.5 | 84.2 649 

51.9 0.23 13.4 2.3 1.07 
464 46.1 1,36 5209 8.5 Me 7256 ‘ 

41.5 0.62 9.2 1:7 0.86 
36.9 136.8 1.98 62.1 ' 88.2 | 8.42 

33.1 0.73 4.6% 361] 1.07 
29 4 (29 3 yy A 66.7 9143 949 

26.4 } 2:.84 5.4 469 2e0L 

23 05 (23.5 | 5455 725. 96.2 11.5 
35,0 Laete 1.7 1.4 3.5 

18.9 |18.9 7208 73.8 97.6 15.0 
1702 8.22 847 Zot 4.9 

1504 11564 153 82.5 100 1929 
4.1 78 13.5 at 

1268 12.8 2301 96.0 | 32.0 
11.9 <7 2a 5.6 | 

11.0{11.0 30.8 98.1 i 376 
9.89 15 08 1.9 | Lok 

8.78 8.738 466 100 t 54.7 i 

8.29 ‘1702 | } ‘Bel 

7679 |T679 638 ol eaae 
7237 16.4 | 19.4 

6 295 16.95 80.2 ; | 82.8 

6 .2016,20 100 Peo 2 
ae 4 2. Bee J 

x x
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TABLEs 25 

COLLECTED SIZE ANALYSES Of SEED MATERIALS 

USED IN FLUIDISED BED EXPERIMENTS 

ou 
t   

  

    

        

: SEED BATCH: c B rea 
SIEVE FRACTION: 124-150. 124-150» | = 12401501 

pi ee i Se ee a ae ae epee eee ae eee te die 
Do | Dia | MEAN Du.lege OVER} No |No% OVER| No% [Nog OVER New 

Pinetop ionpaoenen sien nen . 

222 | 213 0 
201 1.30 

194 | 188 0 Fea) 1.30 
170 13.6 6.90 27 03 

154 | 151 13.6 6.90 28.6 | 
136 61.4 15.4 21.5 

ao et 75.0 22.3 50.1 
109 10.9 15.3 17.2 

- 9703 | 96.6 859 37 06 6723 
86 69 4.6 13.0 | 1967 

7705 | 771 90.5 506 87.0 
6904 “ 905 18 67 863 

6168 | 61,6 100 6903 9503 
556 cp te Ad 

49 06 | 4905 84.04 100° 
4429 Pao y 

! 40.2 | 40.2 100 
{ | hid 
ek ees ce 4 5 .             
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TABLE: 26 

COULTER COUNTER PRODUCT SIZE ANALYSES 
  

  

  

  

  

SIZE CUMULATIVE No. % OVERSIZE 

= Ly D pe R.E.15 PRODUCT R.P.E.12 PRODUCT 

332 315 304 0 

295 285 275 0.4 

264 258 250 1.3 

222 221 213 0 3e7 

194 195 188 0.6 8.0 

154 156 151 4.0 16 .6 

122 125 121 6.2 192 

9703 100 96 5 14.5 37-1 

1705 71909 Tlet 28.8 . 62.7 

61.6 4.68.8 1. 616 51.5 95.0 

A9 6 51.2 49.5 88.3 100 

40.2 41.6 40.2 9102 

33.1 | 342 3301 96 «7 

28.1 29.1 28.1 100 

19.9 20.6 1969         
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TABLE: 27 

IMAGE SHEAR SIZE ANALYSES 

  

CUMULATIVE No. % OVERSIZE 
  

  

  

  

ATTRITED 
BATCH 

SIZE RoE.15 | ReP.B.12 | R.E.F.4 | E SEED 
PRODUCT | PRODUCT | PRCDUCT | 89 ~ 105m 

; FRACTION 

16154Lr| Dan | Dy 

5 4.33 | 4.18 99.5 100 

10 8.65 | 8.37 100 94.0 99.0 

15 13.0 | 12.5 89.5 97.5 

20 11 e4. 1G. 7 100 99.5 83.0 95.5 

25 21.61 .20.9 76.0 91.0 

30 26.0 | 25.0 98 98.0 69.0 86.5 

35 30.4 | 29.4 59.0 80.5 

40 3407 | 33.5 96 96.0 54.5 76.0 

45 3809 | 3765 94 49.0 66.0 

50 43.4 | 41.9 90 92.0 43.0 63.5 

55 47-6 | 46.0 82 54.5 

60 52.0 | 50.2 72 86 05 41.5 48.5 

65 5603 | 54.4 69 44.5 

70 60.5 | 582 62 75.0 35.0 36.5 

15 64.9 { 62.6 56 30.0 

80 69.2 | 66.8 52 61.5 29.5 23.0 

85 Mac0 1) Ted 16.0 

90 78201 .7565 49 46.0 27,0 13.0 

95 8204 | 7946 865 

100 8606 | 8326 40 35.5 21.5 8.0 

120 104 100 36 22.0 16.0 205 

140 192 +1 219 22 0 

150 130 | 126 12 18.0 8.5 

160 159 1 250 5 

200 173 167 0 705 3.5 

250 216 | 209 1.5 0: 

300 20 | 251 0               
 



toro 

‘ 

ul
i 
i
 

tia
ti 

mi
g 

htb
oan

y 
na

nc
y 

‘RUN Now RoE. 26; R.E.32:R. B.33:R.B.34(R.B.35 |ReBe 36 Re E.3 
He ¢ % m/v Belt 27s 2765 26.0 | 26.0 : 2465 | 24.5 
'SEED MASS BO hee BER 1s Oa ONS 1.0 | 005 | 
iCALCULATED ADM 66°) } +98 | 124 75: 2h 208 5 | 6}, 4:60 

‘a, 154 es a | | 

iS (4s 28) 99.0 | i | 9545 | 99.0 | 
10 18. 65 (8. +37; 9365 | 100 { 100 | 83.0 | 87.0 ; 99.0 | 98.0 

15 113.0112.5| 76.0 95.0 | 64.5 | 7105 | 90.5 | 

20 |17.3/16.7} 69.0 ! 89.0 | 92.0 | 55.0 | 62.0 | 86.5 |:91.5 

25 121.6 120.9 | 88.0 | 43.0 | 52.5 | 72.5 

30 26.0 25.0 56.0 ; 80.0 } 86.0 | 39.5 | 4905 | 62.0 | 83.0 

35 {30.4 29.4 | 53.0 | 7520 
40 34471335] 51.0 | 72.0 | 83.5 | 31.0 | 39.0 | 47.5 | 66.5 

45 |38.9 137.5 | 62.5 
50 143.4/41.9] 43.5 | 68.5 | 82.5 | 26.0 | 32.5 | 43.5 | 54.0 

55 14720 !46.0 76.0 

60. 152.0150.21) 33.5.1 6265 |°7305- | 22<0°'} 29.0 |} 40.5 1 49.5 

65 156.3 154-4 68.5 

70 6065 |58.2| 26.5 | 56.0 | 64.5 | 16.5 | 26.5 | 35.5 | 40.5 

75 164.9'62.6 57.0 | 36.5 

80 69.2166.8| 20.0 | 50.0 | 48.5 | 11.0 | 25.0 | 27.0 | 27.5 

85 7306 |71.2 4365 20.0 

90 178.0175-3| 16.5 | 38.0 | 36.0 | 8.5 | 20.0 | 22.5 | 15.0 

100 {86.6 83.6; 14.0 | 33.5 | 24.5 5.0 | 4.0 | 19.5 | 10.0 

110 195.3 '92.0 25.0 | 16.0 

120 j104 }100 | 22.0 | 15.0 9.5 4-33.0 1}. 750 

130 |113 /109 | 20.0 | 10.0 
150. 13s0 26} 6.5 | HO) AS eo HS THO 35 
200 AT3. (267°1 21.0) 6.0 | 204 OO | ds 15 
250 1216 1209 0 1.5 0.5 0 0 0 

300 |260 !251 £065 0   

  

TABLE: 28 
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IMAGE SHEAR PRODUCT SIZE ANALYSES 
  

BATCH E SEEDED GROWTH EXPERIMENTS AT 60.0°C 
  

Sie es a ten Oe ne 

{   

CUMJLATIVE No. % OVERSIZE _ 
  

  

                  
     



APPENDIX C — REFERRING TO SECTION SIX
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CONVERSION OF K TO Ky AND Ky ASSUMING FIRST ORDER GROWTH RATES 

  

do = - KA (c ~ q) 
at 

puto = 100m #100 g/om 
een 

+V 250 

I
S
 

c's (G0 = 100V dm 

ay) 
(e+ v) 

~ »L00V aM 
= KA (o - g,) 

at @ + Vy2 

4 

But dr = K, (o - a) 
at 

Soa wae BOY)Pt oa 
Vv K, x 100 

But aM = Ps Affe” 

az 

pst =K  4fx°(250)" 
By eae) tae cy 

2 
= K 250 

“t (250p, =m) LOO 

Similarly, where a = -KA (o = o,) 

nD os eae 
" 250 =m) 100 

8
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PROGRAM 16 ELLIOTT 803 VERSION OF ALGOL 60; - q 
    

GRYSTALLISATION RATE OF PENTAERYTHRITOL IN A FLUIDISED BED! 

BEGIN INTEGER J,P! READ P3 
ae a ARRAY, F PERCENTNO »NO,VOL,SIGMAT gS IGMAZ ,S 1GMA3(1 3P) , 
1:2,1sP) »M(1 ia 

REAL SUM-FACTOR 9U,R YQ 3FUNCT ION ,D IFFUNCT | ON DELTAD SA 
SWITCH S t=RETURN CONTINUE? 
REAL PROCEDURE AREA(Z) * 
VALUE Z! [NTEGER 2° 
BEGIN REAL At A:=0! 
FOR i STEP 1 UNTIL P DO 
A sA-H( 22/7) *16181*NO( J) *D(Z, vat 
AREA =A? END! 
FOR Js=1 STEP 1 UNTIL P DO READ PERCENTNO( J) 
FOR Js=1 STEP 1 UNTIL P DO READ D(1,J 
READ M1) yM(2) ,DELTAT?® 
SUM :=:03 
FOR Ji STEP 1 ce BEG ” 
VOL( J) s:PERCENTNO( J) *( 11/27) *D (1 9d)! #431 
SUM =SUMEVOL( u) ! mee 
FACTOR s=M( 1) /( tae 8 
FOR Jssl STEP 1 UNTIL P DO 
No( J} s=FACTOR*PERCENTNO! J) # 
Used 

FOR Js=1 STEP 1 UNTIL P DO BEGIN 
S1GMA1(J) s=NO(u) ° 
Ur=S1GMA1(J)+U! END! 
Rs=0? 
FOR Jt=1 STEP 1 UNTIL P DO BEGIN 
SIGMA2( J) ¢ att J)*D(1,J) * 
Rs=R45 [GMA2(u) # 
eal Yt=0! 
FOR Ji=1 STEP 1 UNTIL P DO BEGIN 
SIGMA3(J) ¢ aur J) *D(1,J) *##2! 
i ey a END! 
:=(M( 2) -M( 1) [(1s :396*(11/21))! 

ain 0, 0001! 
RETURN FUNCT [ON s=U*{DELTAD) **34R*(DELTAD) #*24Y*DELTAD-Q! 
D IFFUNCT ION s=( 3*U*(DELTAD) **2;2*R*DELTAD-+Y) * 

IF ABS(FUNCTION/DIFFUNCTION) LESS ~0000001 THEN GOTO CONTINUE 
ELSE BEGIN DELTAD s=DELTAD= ~( (FUNCTION) ) /(DIFFUNCT ION) ) § 

GOTO RETURN! END! 
CONTINUE :FOR Js=1 STEP 1 UNTIL P DO 
D(2,J) =D( 1,J)4DELTAD! 
MEANA s==( AREA( 1)-+AREA( (2)) /2* 
VEL s=DELTAD/( 2*DELTAT) # 
PRINT FREEPOINT( 7) ,DELTAD ,SAMELINE ,££552? ,FREEPOINT(5) sMEANA ,££522 , 
SCALED(4) ,VEL! 
END END END!
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PROGRAM 2. ELLIOTT 803 VERSION OF ALGOL 60, 

CRYSTALLISATION RATE OF PENTAERYTHRITOL IN A SEEDED CELLt 

BEGIN INTEGER I,J,P,N! 
READ P,N! 
BEGIN REAL ARRAY PERCENTNO »NO,VOL ,S IGMA1 ,S IGMA2 ,SIGMA3(15P) , 
TIME ,M,V(13N), 
sci ae :N+1) , 
; Pe ae aN ION,D IFFUNCT ION ,DELTAD ,MEANA ,DELTAT ,K VEL SUPERSATURAT ION(1:N=J) , 

3 

REAL BF ;G,H,SUM,FACTOR ,U,EVAPN! 
SWITCH S s=RETURN, CONTINUE! 
REAL PROCEDURE AREA(Z) # 
VALUE Z' INTEGER Z! 
BEGIN REAL A! 
As0! 

FOR Js=1 STEP 1 UNTIL P DO 
A s=Mt-( 22/7) *1.181*NO( u) *D(Z J) #*2! 
AREA =A! 
END! 
FOR Ji=1 STEP 1 UNTIL P DO READ PERCENTNO( J)! 
FOR [2]. DO 
FOR Jt=1 STEP 1 UNTIL P DO READ D(1 yu) # 
FOR |:=1 STEP 1 UNTIL NtI DO READ SCALE( 1)" 
FOR |:=1 STEP 1 UNTIL N DO READ TIME(1) ! 
READ B,F yG,jH,EVAPN! 
SUM:=0! 

FOR It=1 DO 
FOR Ji=1 STEP 1 UNTIL P DO BEGIN 
VOL( J) s=PERCENTNO( J) *( 11/21) *D( 1 ,u) #*3? 
SUM :=SUM¢VOL( J)! 
END! 
M(1) s=H! 
FACTOR s=M( 1) /( 1396*SUM) ! 
FOR J:=1 STEP 1 UNTIL P DO 
NO( J) s=-FACTOR*PERCENTNO( J) ¢ 
FOR Is=1 STEP 1 UNTIL N+¥1 DO 
C(1) s=F4B*SCALE( 1)4+G*SCALE( 1)**2? 
FOR |:=1 STEP 1 UNTIL N DO 
V(1) 325 0-1.7908"C( 1) -T IME( 1) *EVAPN! 
PRINT £ 

TABLE : RUN NO. $ 

TEMP: Cc CELL: STIRRER SPEED s RePoMs 
<2 0 op ome ven es Se one 9 oe P28 ee nh DO Coed SE ED OF ony ST OR ED OD 

SEED: BATCH SIEVE FRACTION:
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PROGRAM 2. (CONT) 
Ce ee 0 ae OO om 8 AO Ok mg 

CONCN. TOTAL CRYSTAL INCREASE OF MEAN GROWTH RATE MEAN GROWTH 
iN TIME MASS CRYSTAL EQUIV. AREA CONSTANT SUPER= RATE 

MINS. (GRAMS) DIAMETER(CM) CM K(MIN CM) SATN. CM/MIN. 

FOR |s=1 STEP 1 UNTIL N-1 DO BEGIN 
M( i) smM(1)4+((C( 1) -C( 141) ) /( 100*V( 141) ))*((C( 1) #265 -M( 1) 4H) /1..3964+V( 14-1) )**2! 
Ur=0! 
FOR Js=1 STEP 1 UNTIL P DO BEGIN 
SIGMA1( J) s=NO(u) § 
Us=S1GMA1( J)-+U! 
END! 
R( 1) s=0! 
FOR Jt=1 STEP 1 UNTIL P DO BEGIN 
SIGMA2( J) 2=3*NO(u) *D( 1 yd) # 
R( 1) s=R(1)+4S51GMA2(u) ! 
END! 
¥(1) g=:0! 

FOR Jt=1 STEP 1 UNTIL P DO BEGIN 
SIGMA3( J) :=3*NO( J) *D( 1 ,u) **2! 
¥(1) ¢ =Y(1)+S1GMA3(u) ! 
END! 
(1) s=( MC 1-41) -M(1)) /(1.396*( 11/21) ) 
DELTAD( 1) s=0. en 
RETURN? rN 1) s-U*(DELTAD( 1) ) *#34R( 1) *(DELTAD( 1) ) #*24Y( 1) *DELTAD( | a(t)! 
DIFFUNCT 1ON( 1) = som oro 1) )**242*R( 1) *DELTAD( 1)+4Y(1)) # 
IF ABS(FUNCTION( /OIFFUNCTION( 1)) LESS 0000001 
THEN GOTO CONTINUE 
ELSE BEGIN DELTAD( 1) ssDELTAD( 1) -((FUNCTION( 1)) /(DIFFUNCTION(1))) * 
GOTO RETURN! 
END! 
CONTINUE :FOR Ji=1 STEP 1 UNTIL P DO 
D( l+1,J) 2=0( Footed U ' 
MEANA( 1) s==( AREA( [4+-1) 4AREA( 1)) /2! 
DELTAT( 1) Dee ere" 
K( 1) s==( 1/(MEANA( 1) *DELTAT( 1 Ae ((c( 1) -c( N#1)) /(C( 14-1) -C(Ne1)))! 
VEL( 1) s=DELTAD( | te 2*DELTAT(1)) ! 
SUPERSATURAT LON( {cl 1+1)40(1)) /2=c( N+1) ) /c( ve 
PRINT FREEPOINT(5) CC 1) ,SAMELINE , ements 8 STIME( 1) ,££52? ,FREEPOINT(4) yM( 1) 
££LS2622 eet bper TABC} SiveLide epee raeeroint 3} SEAL) £E592:, 
SCALED(5) , K(1) ) £25222 -FREEPOINT( 1) SSUPERSATURAT I ON( 1) ,££527? ,SCALED( y VEL(T) ! 
Eno! 
PRINT FREEPOINT(5) ,C(N) ,SAMELINE ,££52? ,FREEPOINT(5) ,TIME(N) ,££52? ,FREEPOINT( 44) ,M(N) 
PRINT £ 

PRINTE£ELPEQUILIBRIUM CONCENTRATION = @ ,SAMELINE ,FREEPOINT(5 ) sc Net) # 
END'END!END! 
END'END!
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PROGRAM 3: ELLIOTT 803 VERSION OF ALGOL 60, 

COULTER COUNTER DIAMETER CORRECTION FOR 280. TUBE ORIENTATION A? 
BEGIN INTEGER D} 
REAL V,F ,ByL,Y ,FUNCTION,DIFFUNCTION,E yTRUED! 
SWITCH Ss=RETURN,CONTINUE! 
FOR Di=5 STEP 1 UNTIL 150 DO BEGIN 
V s=( 11/21) *(D**3) # 
F s=V/10809400! 
Bi=87102 10809400! 
Les 
RETURNSY :=F-+(B*L) ! 
FUNCTION :=( 14-/248.2) i 1-L/248,2) -1-Y=( y**2) /2=(y**3) /6 
~(y*#4) /24~(y**5) /120~(¥**6) /720~( Y*#7) ores 0320! 
DIFFUNCT ION s=( 2/248, 2) /( (1-( 1/248, 2) *L) **2) -B-(Y*B) -( Y**2) *( ae 
~(¥**3) *(B/6) ~-(y**4)*(B/24) =( y#*5) *(B/120) -(Y*#6)*(B/720) -( Y*#*#) *(B/5 040) ! 
IF ABS(FUNCTION/DIFFUNCTION) LESS 01 
THEN GOTO CONTINUE 

ELSE BEGIN Ls=L-(FUNCTION/DIFFUNCTION) ! 
GOTO RETURN! 
END! 
CONT INUE :E s=:0,900%( L*#3) ! 
TRUED =(E)**( 1/3)! 
PRINT FREEPOINT(3) 2D ,SAMELINE ,££572 3FRBEPOINT(5) ,L,££52?, 
FREEPOINT(5) ,TRUED 
END ,END END! 

PROGRAM 4: ELLIOTT 803 VERSION OF ALGOL 60, 
28 ER OD ANS Se RD OD OH OR HAD DO LN ED MS ONE AEE OOD ND MO CaN AD OD NG oD MED MS SHH HR GH GS MEG OED OE GTR ay GAD UA GED GED GaN eD-AED BaD 

COULTER COUNTER DIAMETER CORRECTION FOR 2804 TUBE ORIENTATION B! 
BEGIN INTEGER D! 
REAL V4G gL ,FUNCTION,D IFFUNCTIQNJE 9A sTRUED! 
SWITCH S s=RETURN,CONTINUE! m3 | 
FOR Des} STEP 1 UNTIL 150 DO BEGIN 
V s=( 11/21) *(D¥*3) ! 
As=(22/7) *( 140%#2) ! 
Loept , 
RETURN 3G =SQRT((A/( 0. 707*L**2) ) =1) ! 
FUNCT IONs=( eae /A**#24{ ((L**2)*0,707%G) i “ARCTAN( 1/6) ! 
DIFFUNCT ION s=(G/A)*( (0. 707*V) /A¢-16414*L) =(V/(A*L)+2) /(L*G) 
IF ABS(FUNCTION/DIFFUNCTION). LESS 01 
THEN GOTO CONTINUE 
ELSE BEGIN Le=L- (FUNCTION/DIFFUNCTION) ! 
GOTO RETURN? — 
a 
CONT I NUE 2£ s=0,900*( L*#3) ! 
TRUED-=(E)**(1/3) 1 
PRINT FREEPOINT(3) ,Dy 
SAMELINE, ££872, 

-FREEPOINT(5) jl y££52?, 
FREEPOINT(5) ,TRUED . 
END END END!
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APPENDIX: ¢ 

Evaporation in Stirred Cells 

Procedure 

Evaporation rates for Cells C and S under experimental conditions 

were obtained as follows. 4 solution of a known approximate 

concentration of Batch C, chosen to be undersaturated under experimental 

3 conditions, was accurately made up in a 2500m~ pyrex graduated flask and 

dissolved by heating. The cell was heated to the temperature to be 

studied ané the solution poured in. When the temperature was stable 

the refractometer scale was read and the concentration obtained from the 

isothermal calibration correlation. The mass of solute, m, in this 

2500m? of solution was therefore found. The solution was stirred at 

2000 repeme and the time taken for suitable increases of. the solution 

concentration. The total solution volume, v, for this particular 

concentration, o, was obtained from v = m x 100 where m remains constant 

throughout. From the decrease in tot volun over a period of time 

the evaporation rate is calculated in om’/min. This is checked at 

different intervals to guard against errors of scale reading, but the 

greatest concentration difference should be the most accurate, It was 

usually found to take many days to obtain an appreciable concentration 

increase.
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Example 

Cell ¢ Tm 70.0°C Stirrer Speed = 2000r.p.m. 

Time (mins ) Scale Reading S 0 % m/v 

0 63675 25.301 

130 64.25 20.445 

900 66.80 21.178 

1020 67225 21.307 

1260 68.40 21.637 

m= 2.50 x 204302 

= 506753 

Reis Vy = 250 

Vy = 24802 

v5" 239.6 

vy = 238.1 

Ws 23405 

Evaporation Rates om? /min 
  

vx/Vp = 0.01384 

of 3 vi/¥ = 0.0123 
v3/¥, = 0.01250 

W4/Vq, = 9401500     
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Experimental Results 

  

  

  

Evaporation on? /min. 

TC Cell C Cell S 

45.0 0.0930 0.000238 

50.0 0.0063 

55.0 9.0083 

60.0 0.0101 

65.0 0.0123 0,000. KM 

7.0 0.0123 0.000595 

715.0 0.0173         
  

Discussion 

On the assumption that the loss of solvent is proportional to the 

difference in vapour pressure between the cell solution and the ambient, 

the experimental values were plotted figure 644, ,as log (evaporation) vs 

) where T is absolute temperature (°K), as is suggested for vapour 

pressure for pure substances by the Clausius~Clapeyron equation. 

It can be seen that the rate of evaporation in the Cell S is far less 

than that of Cell C under the same conditions. This would be expected 

as the teflon bush was less worn with Cell S, being high on the stirrer 

shaft near the motor, whereas the motor was less rigid with Cell C and 

the bush lower on the shaft which was inclined to whip.
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TABLE: 29 

Evaporation values interpolated from figure 6.4. 

  

  

  

Evaporation om? /min 

wc Cell S .| CellC 

20 ).C0009 0.0018 

25 0.90010 0.0022 

30 9.00013 21,0028 

35 0.00016 0.0035 

“40 0.00019 0.0043 

45 0.00024 020053 

50 0.00029 0.0064 

55 0.00035 0.0078 

60 0.00042 0.0094 

65 0.00050 0.0112 

70 ~ 0.00060 |» 0.0135 

5 0.00080 0.0160          



APPENDIX D_ -— CRYSTAL GROWTH RATE RESULTS



PRELIMINARY FLUIDISED BED RESULTS 

= DRE « 

TABLE: 31. 

  

  

  

  

GROWTH VELOCITY 

as ome me s Op Oi MIN 8 et ee 
; MEASUREMENT} BASIS 4 

F.C.7 | 5905 | 0.180 | 94 | 111 112 | 0,124 760 

#06811 5607 1 001751. 94° |.22 313 0.113 4.47 

F.C.9 46.9 | 0.215 | 111 137 302 | 0,220 4,04 

F.Co10 | 4304 | 0.203 | 111 | 129 292 | 0.231 3,08 

FeColl | 3969 | 06165 | 94 | 1065 296 | 0.302 1.06 

P.C.12 | 3709 | 06167 | 112 | 121 273 | 0.430 1.83 

F.C.13 | 3566 | 06268 | 132 | 157 | 226 | 00545 | = 5050 | 2045 

P.ce14 | 5266 | 00149 | 79 | 97 | 50 | 033%] 18.0 

F.Co15 | 5107 | Ool6L | 82 | 102 132 | 0.262 7.60 

FeCol6 | 3207 | 00163 | 121 | 139 | 1800 | 0.558 0.78 

F.eCol7 | 6505 | Oc241 | 132 | 150 V0 | 0.066. 6642 

F.C,18 | 68.9 | 0.210 } 121 172 1324 0.132 2301 

FeCol19 | 71.1 | 0.600 | 163 217 136 | 0.101 19.8 19.8 

F.C.20 | 67.0 | 0.208 | 110 | 152 208 | 0.082 10k 514 

F.C.21 | 63.0 | 0.195 | 144 | YO 254 | 0.138 Pp 5-10 6.11 

F.C.22 | 54.4] 0.211 | 112 | 144 383 | 0.184 4.31 2675 

F.C.23 | 70.2] 0.318 | 159 | Te UT | 0.076 4.42 7094 

F.Co24 | 5804 | 0.210] 132 | 151 122 | 0.200 7680° | 7486 

P.Co25 | 2925 | 0.210 | 160 161 LU4 | 0.485 1.12 

F.C 026 | 34200 | 0.210 | 122 135 1212 | 0,326 0.57 

F.C.27 | 3766 | 0.090} 94 | 125 1284 | 0.372 1.13 2.34                   
  

tt tihhintinnnths Ai alone



TABLE232 EXAMPLE FLUIDISED BED DATA WITH MODIFIED APPARATUS 

  

    
2 LITRES SOLUTION 30.00% m/v 

  

    

  

  

        

              
  

      

RUN: F.Bel. TEME70.0°C BATCH E 

SEED: 7¢96g BATCH EB PREPARED SIEVE FRACTION 124-150, 

MAGNETIC STIRRER POSN. 2 HEATER POSN, 35 * T.Ui9 cl = 86°C 770.3% 2 ~73°C 

TIME | ROTAMETER CELL RESERVOIR REFRACTOMETER HEATING TAPE MAKE UP 
MINS |METRIC NO.7K |TEMP. “Cc TEMP. °c SCALE TEMP. ~C CONTROL VOLTS WATER 

1.2 70.4 80 92.0 72.8 70 a 

5 1.2 69.0 80 T1s2 80 + 

8 21 -=: 6965 ° 80 7402 70 i 

10 dat 70.0 80 90.7 7306 60 de 

13 333 70.4 80 90.8 75,7 50 S 

15 Lea 70.2 80 9203 72.0 50 ie 

19 I.2 70.0 80 92.6 71.5 60 oi 

24 2.4 104 80 40 ie 

32 302 69.4 80 91.9 7208 50 

36 302 1062 80 91.9 72.8 50 < 

41 2.8 70.0 80 723 50 a, 

45 2.8 70.0 80 92.3 72.0 50 es 

55 2.8 70.0 50 a 

60 RUN COMPLETED 

WEIGHT OF DRY EMPTY CELL = 286.88¢ 
WEIGHT OF CELL + PRODUCT CRYSTALS (WET) = 309.26g 

WEIGHT OF CELL + PRODUCT CRYSTALS (DRY) = 303.13g   
  

-.
 o

oo
 
>
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TABLES 35 

EYL.MPLE EXPERIMENTAL DATA FOR STIRRED CELLS 

  

EXPT. No. 118 RUN No. : R.P.E.16 

  

CELL ¢ TEMP. 50.0°C 
    

STIRRER SPEED: 2000 R.P.M. 

  

SOLUTION: 17075%m/v PB.   oe 

SEED 3 89-105 px PoE, PREPARED 

  

  

DATA DESCRIPTION 

15 P = No. of Mean Diameters 
of size analysis 

20 N= No. ef readings of time 

  

he2h, 80465 15095 4o4y 3044 Sely 1304, 

Qe2y 406, Sehy 167, Be7y 1305, 201, 1.9 

Array of % No. of Mean 

Diameters of size analysis. 

  

0.0126 ,0-0114 ,0.0102 0.00896 ,0.00773, 

0.0065 , 0.00519 ,0.00415 0.00331, 0.00264, 

0.00212 ,0-00172,0.00141,0. 00119 0.000989 

Array of Mean diameters of 

size analysis (om.). 

  

65.1, 6405, 64, 63, 62.5, 62, 61.5, 60.5, 

60, 5925, 59, 5805, 58, 57659 57, 56055 

565 55055 5D, 5403, S3eh 

Array of readings of 

refractometer scale 5, + 

equilibrium scale reading 

  

OS Sy hoy aes 180, 198, 240, 258, 270, 

282, 295, 310, 326, 344, 360, 374, 393, 
408, 465 

Array of readings of time,t. 

  

  

  

0.3058 B\) Calibration coefficients 

~1.643 Py og = F + BS) 4 Cede: 
-0 0001699 G) 

1.969 H Initial seed mass (g). 

0.0064 Evaporation rate om? / min.     
h. 
| 

  coast] userine|



~ 234 - 

TABLE? 26 

QUALITATIVE RESULTS OF SEEDED BATCH B SOIWTIONS 

STIRRED AT 2000. R.P.M. IN CELL C AT 60.0°C 

  

  

    
  

                  
  

  

  

    
  

RUN NOs ReBed R.B.4 R,A6 

SEED : 2g UNCLASSIFIED 2¢ UNCLASSIFIED 2¢ UNCLASSIFIED 
BATCH B BATCH & BATCH A 

SCALE] TIME |SCALE} tum! scare] o TIME 
S Snfy | MIN. | S Sm/y | MIN.| S Senfy | MIN. 

83.8 | 24.28] O {8764 | 25.296] O | 62.9 4 24.033} 0 
83.0 | 24.061| 60 |86.0 | 24.904] 32 | 82.0 | 23.780} 16 
82.5 | 23.921] 160 {85.0 | 24.623] 63 | 81.0 | 23.498] 51 

80.0 | 23.217 | 110 
79.0 | 22.934 | 155 
71802 | 226708 | 190. 
77.0 | 22.369 | 265 
7508 | 22.029} 320 
75.0 | 21.802 | 370 

RUN NOs} R.B.5 '.C.2 

SEED : 2g UNCLASSIFIED 2¢ UNCLASSIFIED 
BATCH B BATCH C- 

Tscats|] o TIME| SCALE| TIME 
Ps Snfv | MIN.| 8S Sanfy | MIN. 

82.8 | 24,005¢ O | 82.9 | 24.033] 0 
82.0 | 23.780} 145 | 82.0 | 23.78 7 
81.0 | 23.498 330 | 81.0 | 23.498} 35 

79.0 | 22.934] 110 
78.0 | 22.651! 145                 
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TABLES 37 

QUALITATIVE RESULTS OF SEEDED SOLUTIONS STIRRED AT 

2000 R.P.M. AT 70.0°C 

  

  

  

    

RUN NOs Bats R.G.2 

SEED: 2g UNCLASSIFIED 2¢ UNCLASSIFIED 
BATCH G BATCH G 

CELL C S 

SCALE Q TIME | SCALE a TIME 
S Sn/v | MIN. s Son/y | MIN. 
  

98.4 30.097 Oo OFi6 29.875 0 

98.0 | 29.986 7 9667 29 624 30 

9705 29 0847 35 962 29 2485 50 

97.0 29.6708 oe T. Ooe] 29346 70 

9665 29 0569 65 93,2 28.650 | 150 

96.0 | 29.430 85 

95.0 | 29.152 } 120               
  

  

  

  

  
  

RUN NOs R.F.2 R.F.5 

| SHED = 2g 89-105 pas 2g 89-105. 

CELL C C 

SCALE 3 TIME | SCALE 0 TIME 
Ss Ynfv | MIN. Ss San/y | MIN. 
  

97.0 | 29.708 OF eT 29.791 0 

96 5 29.2569 40 97.0 29.708 14 

96.0 | 29.430; 68 96 05 29.569 | 42 

95.1 | 29.179 | 120 | 96.0 |} 29.430} 65 

95.5 29.291 | 90 

95-0 | 29.152 | 120               
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TABLE: 38 RUN NOs? R.C.3 
0 ta Ve ans SR SOO we OE oe Be 25 G8 HO BE ae Cony UTD ED S09 ARE OTA CUD ay COA BOG OO HD 

TEMP:60,0° CELL: c = STIRRER SPEED 2000 RePsMs 
2 7 Ok oog BD 80809 MAD Bd OF MD AO DP eam OS GUD GD HOD CD OD ED HD 

SEED: BATCH © PREPARED  SJEVE FRACTION: 75-89» 
  
  

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
W/V TIME MASS INCREASE AREA CONSTANT, - SUPER RATE 

MINS. (GRAMS) — (CM) CM™  K(MINCM)  SATNs = CM/MIN« 
8D A OF Gr OY DHE ORY ED Exp SMLLITD Rey AM EA LD OO yn DAO EF OL TID OD 

=a om ae 
    

70005001 260550 652387@-07 31947 6.2520-0 

50001060 353251 3.6637@-07 «1814  35381@-06 

50003215 Yyhe7s4 25928'@-07 «1673  26473@-06 

50002691 525438 2.9223@-07 +1532 2s242@-06 

fe 50002330 6028.6 2410688-07 +1391 1«456@-06 

225652 305.00 6,112. | 
ROA GN we OF Ey Thee O94 Od oe ew OTD 

e200 Ma0 Gt gee OI HR 8 09 Guy GD ay SS VD 
  

EQUILIBRIUM CONCENTRATION = 20,010 INITIAL SEED AREA = 2145
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85S A OU Ogg HO ON 2 SO OO MT ee 9 Ou cred we TO gray BD HEF UND ERD OM OY Cv A Gs ema 

TEMP:60.0°C CELL: C  STIRRER SPEED:2000 RsP.Ms 
Sw an 20 ow OB 20 ene O89 Od Ad 9D OO EBD OR OR OHH OS ony a RAD OD 

SEED: BATCH C PREPARED § SIEVE FRACTION: 75-69)« 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
iM/V TIME MASS INCREASE AREA CONSTANT SUPER= RATE 

MINSs (RAMS) (cm) CM* K(MIN“CM") = SATNs = CM/MINe 
Dae BHP AIT ed OO ED Da o 

  

    

24.5033 ~<00000 2,000 
40005003 2606.1 8.3179@-07 «1947  85338@-6 

236780 30,000 2,764 
e000 353253 3<1401@-07 ~1814  2,59000-06 

23<498 100,00 3.608 
; 0003215 4427.6 2.9283@-07 <1673 2.473@~06 

236217 165500 4448 7 
50002690 525550 2.6974@-07 +1532 25070@-06 

225934 230,00 5,282 
0002330 602858 2:5929@-07 «1391 14793@-6 

  RA Les ON ON ae ROD SAD aed OME EON ED ce CED AD ey LOR OE CD Red cay 9 RE ed os Sd OM ROD Ae es 2 acy OF A OD OOD CD OD oxy HE OS AA vo CAD AE SAB OOD cay AS 

EQUILIBRIUM CONCENTRATION = 20,010 INITIAL SEED AREA = 2145
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TABLE 40 RUN NOs: R.C.5 
0 cog OD SO HA OOD ED BaD MH BO GM CO CS OY OP OD Ce) OM AEN Ee HD rag ON OKT HD OD UID 

TEMP%0.0°C CELL: A  STIRRER SPEED:2000 RePsMs 
ean 739 C9 a8 oe od Ode OD OD ena 9 HO Amy Ww WE and me TE OM WS OH EI 

SEED: BATCH C PREPARED SIEVE FRACTION: 44-64, 
  

CONCN. TOTAL CRYSTAL SIAMETER MEAN GROWTH RATE MEAN GROWTH 
iM/V TIME MASS [INCREASE AREA CONSTANT SUPER= RATE 

MINS« (GRAMS) (cM) CM™ = K(MIN"CM#) = SATNs_ = CM/MINe 
    

“2rs216 400000 2,000 | > 
60005036 2291.9 364256@-07 «2016  3.597@-06 

235991 70,000 2,680 
50002652 270.2 2.65870-07 «194  246520-06 

23.050 120,00 3.10% 

236710 145500 3.527 

236569 170;00 3.949 

236428 205500 4.371 

40002383 3005.0 4.9700@~-07 +1804 4, 766@-06 

«0002171 3291.6 457150@-07 «1814 4.3420-06 

20001999 356765 362352@-07 «1743 2.056@-6 

  eo 83 8 2 oe on oo ae ea ome @R ec 

EQUILIBRIUM CONCENTRATION = 205010 INITIAL SEED AREA = 2030
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TABLE: 41 "++ RUN NOs 3 R.C.6 

TEMP:60.0°C CELL: c STIRRER SPEED :2000 RsPsMe 
‘emt on een ta 8 cam os (Cm Om aw Boag OR 1 NO Et OS BOON ERO 

SEED: BATCH C PREPARED SIEVE FRACTION: 44~64y2 
Chae Oe pg WH OAD yy HE OD ES OG one ED SO ory OR EE ED ong MD ERD HDA OE O08 OH aoe WEE OD Ved gay STOP OW TD OU HY ey OD OE Ot Og OA OUD OND Ons OA ORE IED 

CONCNs TOTAL. CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
WM/N TIME MASS INCREASE AREA sea SUPER= RATE 

MINSs (GRAMS) (cM) cM> K(MINCM?) SATNs = CM/MINs 
229 oa OD A Horn AER eke GY ew HE eu TAL pag OAD TY FED OL EY OS ER ORT MER fey ous NY OTD TN ee RAE PON SH FOG gn SN Dem a or hot | = 

24-2146 00000 2,000 

  
  

«0002025 213141 6.4459@-0 «2016 65751@-6 
245061 145000 25255 

40003004 239252 8.4393@-07 «1990 8.5820-06 
23.921 19.000 2.679 

; “0001096 26145 5.5438@-07 «1940 5,480@-06 
23865 29,000 2,849 

0001552 276659 6.6707@-07 «1905 6465-06 
233780 41,000 34102 

40002379 3003.4 4,69320-07 +1849 4s4He-06 
23639 685000 3.524 

: 0002166 328932 6.689@-07 «1779 6+018@-06 
23498 86.000 36945 

0001215 351059 4.3678@-07 «1722  35798@-06 
235414 102500 45197 

40000779 364650 5.0901@-07 1687 4330-06 

s000180 3830.0 4.6816@-07 «1638 3605O-06 

30001729 4087.2 444036@-07 +1567 3059@-6 

50001625 433638 450259@-07 «1497 369108-0 

40001535 45795 346030007 1426 2556-06 

0001454 481569 252541@-07 +1356 1.515@-0 

235358 111400 4.365 

23217 135600 45784 

23507 160,00 5.6201 

225934 187500 5.618 

225793 217s00 65033 

225652 265600 6447 

225369 320500 7s272 

224227 34C,00 7.683 

0002708 515851 3.9915@-07 «1250 24461@+06 

0001265 549258 5.6321@-07 «1144  3.1620-6 

50001214 570857 360419@-07 61073 = 1.597@-4 
22.; 086 8<00 85 2 

31 - s0001167 592054 2;8429@-07 1002 16389@-06 
215944 420,00 8500 

: 2 <0001123 6128;0 257601@-07 0931 1s248@-06 
21.802 465,00 8.90 

; a 0001504 6371.4 1675528-07 «0816 + 7.164@-07 
21.604 570,00 95473 

0 te 200 tap Gb 59 S00 OR BY OS MO HD an EAD LE OD DG ODES TO OPO CRED BO OP eet MAD OT EM END SO gay OT AD wee HD OS DAD OM ane Mod Me MBLeND ms NA OS ND OGG A WI iy OP HD 29 09 OY By Gay Ow EL et EAD OD 

EQUILIBRIUM CONCENTRATION = 205010 INITIAL SEED AREA = 2030
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RUN NOs 2R.C.7 
FO sa ang OS OAD Oe Ge AD OED Re On BU OG OD 

TABLE: 4o2 

CELEs¢ 
A ee Od a DO BM Oe 

SEED: BATCH C PREPARED 
oa pe OAs OD wang END Le A OG AD HOR BD Ey Ged MAW HT He Oe 

Pt 8 ent OS NG ND ORD ed SO OED OE hg 2D 

SIEVE FRACTION: 44-64» 
  

  

CONCNs TOTAL CRYSTAL CIAMETER MEAN GROWTH RATE MEAN GROWTH 
Gi/V TIME MASS iNCREASE AREA — CONSTANT SUPER™ RATE 

MINSs (GRAMS) (CM) ca*  K(MINTGT*) = SATNe = CM/MIN 

193462 -;00000 2,000 
50002266 2143.5 %452815@-07 +281 4.532@-06 

198363 25.000 2,287 
0002872 241056 2.5438@-07 «2772 2:611@-6 

195222 80;000 2,696 
0002545 271165 3+2193@-07 «2678 3,181@-06 

193081 120,00 35108 
: -;0002294 299838 2:4139@-07 +258  2.29%@-06 

185939 170.00 3.510 
40002095 3274.4 3.2779@-07 «2491  2.993@-06 

185798 206.00 3.915 
0001932 3539s8 3.1516@-07 «2398  2.760@-6 

18.657 240;00 4.319 
«0001796 379% «3 2:67680-07 230)  2.246@-06 

183515 280,00 4,722 
0001681 4057 2:6198@-07 42210 25101@-4 

185374 320;00 53124 
~0003079 Y40z;0 2,2874@-07 «2070 14711@-06 

18;090 410;00 5<924 
0001479 71958 2;0171@-07 +1929 16419@~06 

17649 460500 65323 : : 
g009650 524954 250936@-07 +1713 16278@-0 

175438 640,00 7.748 eae 
50003554 643952 16504@-07 +1149 56 786@-07 

16245 1380.0 11500 ; 
900003 /!| 733053 161370@-07 +0707 «2673 10-07 

165103 154050 11438 
0000848 7504.9 150798@-07 «0613 24232@-07 

15301 173060 1165 

  

    

EQUILIBRIUM CONCENTRATION = 15+106 

Cores ore BOM ony Oey BEd OFS ERD 

INITIAL SEED AREA = 2030



TABLE: 43 . RUN NOs? R.C.8 TAREE 
ned cm tet Kreg Mey Mee Stee OE Here O Teng UM gen MAD HEE CoD 4 CADE MET STD AD oO 

TEMP:40-0% CELL: © — STIRRER SPEED! 2000 RsP.M~ 
ne ene eam 29 3 BS Dam es OD <reey OA DOE oats OH OD 

: SEED: BATCH C PREPARED SIEVE FRACTION: 44-64. 

CONCNs TOTAL CRYSTAL. DIAMETER MEAN GROWTH RATE MEAN GROWTH 
gu/V TIME MASS — [NCREASE AREA CONSTANT. SUPER~ RATE 

MINSs (GRAMS) (cM) cM* —K(MIN“CM") = SATNe = CM/MIN« 

17s'54 00000 2,000 

  

  

60008259 2478.9 6.1&4@-07 «4675  852590-06 
17«033 505000 3,202 

20002199 3063.8 6.7632@-07 4436 815 8@~06 
16893 635000 3.600 

16373 T[<000 3.997 

16612 90;000 4,393 

50002018 333166 5.9371@-07 4316 75206@-06 

6000188 359051 6510/16@~07 «4197 7.1%6@-06 

sti Fkbo “Mes 0001743 3840.3 5s4564@-07 4077 6s22he-06 

0001635 408351 5s6957@-07 «398  6.2900-6 

40001543 431943 5.5540@-07 43838 5.933@-06 

20001462 A5494 6.54346@-07 3718 6.6%3@~-06 

0001390 477329 25906 08-07 43599 25895@~06 

#0001326 4199363 5335 72-07 3479 —5«0980-06 
«0002487 531233 3.698)@-07 3299 3.43600-6 

40001169 5625.0 2,7343@-07 33119  2.43380-06 

165331 117.00 5,183 

165190 130,00 5.577 

16,060 141,00 5.970 

153909 165500 6,362 

15<768 178.00 6.753 

156486 215.00 7.534 

154345 20.00 7.922 
«0001126 5827.4 452903@-07 +2999 3%519@-06 

15620 256.00 8310 : 
6000108 602641 3.1441@-07 2879 2:4690- 

154 278600 8.697 6 \ esha 
: 0001050 6221. 2s Qa 62 1 Qe 14,922 306.00 94083 G 5 IT(e-O7 D9 t 

14,640 364500 9.82 

1446273 460500 10585 

«0002002 650765 2.4693@-07  <2579 14 7250-06 

s0002429 6934.2 2.0117@-07 62303 15265@-0 

60009646 8200.9 1.5763@-07 1400 5.2420-07 

0000659 9305.5 346651@-08 <=092 5.495@-08 

0000891 948357 4.48'5@-08 <O47 4.949@-08 

12.517 138050 15.51 

125376 198050 15.87 

12,177 288050 16537 
8 om 1 Awe ODD ad wo LYE my Oi EMD LOD CD RED LOM RED LORD HE KY OS ADD OM BREED Ld Bd ID MB Da On AE fe Dery BA EM ROG ME Ord OW WaPo ERD FO MOO MTR A MAD Pg HO COpoy BM LARD GAD ied MD EDT Cy AO OH OOD ROOD Oy 

EQUILIBRIUM CONCENTRATION = 116751 INITIAL SEED AREA = 2030
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TABLE $s b4 RUN NOss R.C.9 
OT Ree 9 8 Od SEO TS Oe 

TEMP:60.0t CELL: A  STIRRER SPEED: 500 RsPsMs 
leg oon cee OD eetemes ee 8 =— en C568 Greg aren OF OED RO Un DO 

SEED: BATCHG PREPARED § SIEVE FRACTION: 44-64p 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
gu/V TIME MASS INCREASE AREA CONSTANT. = SUPER= RATE 

MINS« (GRAMS) —— (CM) cM= = K(MIN'CM")  SATNs = CM/MIN« 
Roi eay Ot PD GA OA 25> wD ORD OD CD ek A A BY OS AM Soy We ED May Dery HA MD ARS CHa Tay a SS SIG Sen ond a on ae nse ae 1a 8 RD Page ap CAA CI Quay BO OS TTD 

245188 00000 2,000 
  

0001371 209769 962251@-07 «2074  95796@-06 

#0003091 232757 8:2035@-07 «2025 85586@-C6 

40002715 264452 5.4k20@-07 «1954 5s429e-06 

50002432 2945.8 3.6214@-07 «1684 3s471@-06 

50002210 32346 3599908-07 +1814  3.683@-06 

0002031 351255 2.8751@-07 1743 2539@-06 

245132 7.0000 25170 

235991 256000 255% 

236650 505000 35019 

235710 8.000 3.42 

235569 115.00 35864 

7 0 Wo ea OOD OD OD cay WL HD CO Bd (OO SY KD Ed ON ID OD APODEME HD ERD SHAD wu SO cay Cia EB Oey WS OD OS Cae Dae Moy Eons AM Ma eat aD CR LTD SD A Earn TVS HS AT Ting COON aD ay CATT KOEN oe Sat OP 

EQUILIBRIUM CONCENTRATION = 20,010 INITIAL SEED AREA = 2030



= 243 = 

068 08 a ey Ke ER GAAS OY OM OD 68 OD 09 M8 OD ey RAD OE ey Ce Gre OD a IE 

TEMP:60.0°C CELL: C  STIRRER SPEED: 500 RePsMe 
oe on 8 On wD O23 DED TS Ow er or 

SEED? BATCH C PREPARED SIEVE FRACTION: 44-64». 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
fuN TIME MASS INCREASE AREA CONSTANT SUPER= RATE 

MINSs (GRAMS) = (cM) CM K(MIN"CM4) = SATNe ~—-CM/MINs 

  

  

0002025 213141 1.49338@-0 <2016 25025@-0) 

40003003 239251 7s3845@-07 31990 7.5080-06 

0002648 270560 66157#@-07 41919 6,0190-6 

0002378 300353 5.06870-07 «1849 4B 70-06 

40002166 3289.2 6<017'@~07 61779 Se 150-6 

50001994 356452 5<0305@-07 +1708 45334@~6 

50001849 382957 2.8093@-07 +1638 263120~06 

40001728 40857 361458@-07 «1567 25468@- 

50001623 4336.0 251744@-07 «1497 1:623@~06 

50001532 578.3 257030@-07 «1426 1.4915@- 

50001452 4814.3 261647@-07 +1356 1645 20-06 
22.652 330600 65444 

0001380 504454 1.6775@-07 «128 140620-06 

225793 280,00 6.031 

22.5510 «00 65 6 
at ee “5 40000534 5202.7 1646630-07 +1235 8.895@-07 - 

2S 8 SO NS ON SG EM OW Cay KZ TD OH OD on DA a OD @2 Ones   

EQUILIBRIUM CONCENTRATION = + 20,010 _ INITIAL SEED AREA = 2030



~ 244 = 

aoe 3 46 

TEMP: ‘40. ot 
9 ae pn nD re a ae tae OY 

SEED: BATCH C 1RHPARED 
SO paeg OD AN Cd Ga AD OS PE OO OD OH ND AOD OR) i Sa 

CeLles C 

RUN NOs? R.C.11 
(etaneg ORO Mat ON 2 es LOD NED Uns ERD ORD OPA HDona OD 

STIRRER SPEED s a RePoMe 
FO OD ok 8 ag One SOE HE CD 3 eG SE ID 

STEVE et LON: Die 
OA eee 19 Ores 10 One at Oe OW Ce OD Suh as OHM DED SO 

  

    

CONCNs TOTAL CRYSTAL DIAMETER MEAN = @ROvWiH RATE MEAN = GROWTH 
mi/V TIME MASS INCREASE AREA CONSTANT SUPER= RATE 

MINSs (GRAMS) (CM) cM? —K(MIN“CM?) SATNs = CM/MINs 

13s877 ~*00000 2,000 
«0000539 206145 1,0993@-08 +2001 5.4918@-08 

13849 540,00 2,078 
0001208 2153.1 142880-08 +194  6.5709@-08 

135792 1440.0 2.231 
60002183 2328.2 1.6131@-08 +181  7.909@~08 

M3s 679 282050 2.532 
  1d SP OD Cony Oh BED MED Cad GED AO AD HD Wd A Ie OS OD SBOE OD eae Duss Cec ORO 

EQUILIBRIUM CONCENTRATION = 11.552 
pres 

INITIAL SEED AREA = 2030 
oan Ome
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TABLE: 47 
ae OD Wan COME Es Es CE 

TEMP370.0C CELL: A 
Sen 88k OD 

SEED: BATCH C PREPARED 
      

CONCNs TOTAL CRYSTAL DIAMETER MEAN 
aM/V TIME MASS INCREASE AREA 

MINSs (GRAMS) — (CM) cm* 

29398 ~0000C 2,000 
0002102 2135.0 

295902 350000 25265 ; 
50003107 2406.2 

296763 635000 2.707 
0002731 2730.9 

29:624 135000 34147 
0002448 3040,3 

2948 21,000 3.587 
40002226 333045 

29.346 298500 4.026 | 
; 40002047 362145 

295207 365000 4,463 
60001898 3896.6 

29«068 475000 4,901 
ee 0001601 415051 

20% «000 5.2 
Ss - oe 30001676 439681 

26 5000 5 

- oe 0001582 4648.4 
28,664 110500 65163 

0001500 4894.2 
28.524 137500 66597 

0001427 513461 
28538 167600 7030 

: 0001362 5368.6 
285245 198;00 7462 © | 

0001303 559831 
285105 245.00 7.893 : 

: 40001251 5823.1 
27595 310500 84323 

3 ‘ 40001203 604337 
27. 370500 8.753 
Coa a 0001159 6260.3 

RUN NOs: R.C.12 

28 Eee Pace OY MS SD OD 

7 0 ay 6D ak HD OOD FAD GY HB yas HD Sd WY oy OD 

STIRRER SPEED3500 R«sPoMe 

Oo cot Orie BRED SN HD MRIs ty SAL OD OUD Ob eRd OD ag OH HH Od CD ey Oy AO Om OW 

  

GROWTH RATE MEAN — GROWTH 

KUMIN-GM)SATNs M/MIN 

3570-06 1381 35 018-G 

468010-06 +1339 44439@-05 

2531280-06 5128 25101@-G5 

1576120- = 41234 145308-G 

145 789@-0 «1181 14309@-05 

159926@-6 51128 1.5 74@-6 

1s1488@-0 5107  8,628@-06 

Te0H3@-07 51025 «= 5 002@~06 

58911@-07 50974 359918-06 

457615@-07 50921 360420-06 

46235@-07 «0868 2. (77@-6 

452273@-07 50815 233 788-06. 

4-18720-07 40762 25196@-06 

2s8486@-07 40709 143860=06 

2514200-07 0656 94626@-07 

Z4345@-07 30603 15003@~06 

169346@-07 «0550 7«243@-07 

  

EQUILIBRIUM CONCENTRATION =. 26, #310 

Cok ead AME GY MAES Om) CD OPonD SE SAS TD A ony SODAS eng Hed Ong bes Ch OPE GSD MO Ls AeheaD 

INITIAL SEED AREA = 2030



TEMP: 70.0€ 

= 246 - 

TABLE: 48 

CELE oc 
men smen@ HS am Oe eS 

SEED s BATCH es PREPARED 

RUN NOs R.C.13 
9 ow Coy OKO CHT SAY hy Ray OO TE TE On ED 29 MEA MO 

0 ee 8 ereng Ma 5H Ow 

SIEVE FRACTION: aT 
  Oy 88 Chae   

  

CONCNs TOTAL CRYSTAL “DIAMETER MEAN 
aM/V TIME MASS — INCREASE AREA 

MINSs (GRAMS) — (CM) cM 

29«930 «00000 2,000 
‘ «0002101 21350 

29847 265000 25265 
«0003105 240650 

295708 945000 2.706 
60002729 2730.5 

295569 155000 35146 ; 
s0002446 303986 

29430 215000 3.58 ; 
0002224 33355 

294291 285000 4,02} 
oe 0002044 3620.1 

295152 336000 43461 
0001895 3894.8 

295012 42,000 4.897 
$0001770 416057 

28,873 51,000 5.332 
0001663 4418.7 

285734 615000 5.766 
0001569 466957 

28.59} 735000 6,200 
0001487 49141 

285454 925000 64621 
0001414 515245 

28.315 121,00 7<062 
40001348 538.2 

285175 155.00 7491 
0001289 561267 

285085 195500 75919 
60001235 5835+2 

278895 250,00 85344 
y Ra 30001186 60531 

el¢ 297500 . 

Soe : 50001140 626645 
278615 370500 96190 — 

: 60001519 65157 
27419 560500 7H 

OB 0 coy HO Gxt Beng EDEN Eh PA RS OO BH DDD Os GG VLG OE OO GE SDand nd Bary WD OS HE MBE Wet OO Cad AE Md OH Sed BFP TP CBO HY Ew Wiens MD DID WE OM Erde, KIDD OM Oe OOD Minny EAD HD GT MHROKy ap Od ED Any HD om ca 

EQUILIBRIUM CONCENTRATION = 264310 

oO Ben 

GROWTH RATE MEAN 

K(MIN M*) 

4,36 06@~06 

2537820-06 

257800806 

2339030-06 

159533@-6 

2:64160-06 

164333@~06 

164135@=06 

162656006 

150 77@-6 

6375 182-07 

4.5 G4@-07 

369145@-07 
304695@-07 

2633 7e-O7 

3624 748-07 
252266@-07 

163148@~07 

SUPER= 
SATN« 

+1360 

#1318 

#1265 

31212 

31160 

31107 

614 

«1001 

50948 

6923 

6059 

GROWTH 
RATE 

FO ID OD Aye OY CEP UE HR OLD aE EEA SRS oD My OR ary PHS PRON <9 TED DLAC ang 8 ET OT om ED OD ETD 

45203@-05 

25218@- 

264810-G 

25 0380-05 

155880-G 

25 O4@-05 

1530-6 

9:58340-6 

853 13@=06 

6:539@-0 

36914@~6 

254360-6 

15983@-06 

15611@=06 

15123@=06 

152620-06 

7s8G@-07 

36997@-07 

INITIAL SEED AREA = 2030°5
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(0 ke OM BAD ON CD DO Em EAI. 9 OE, 

TEMP: 70.0€ 

SEED: BATCH C PREPARED 
RS ea AD nd HD MON SE On CAE ew OD aD MTD OO od OR HG EY A OD EM OED EP MS OY Ring ONS Mak ean OAR OS OE eh OP? EOD ry WD Orne bud wg Oy HD O00 Gey OOD HHO MCD 

RUN NOst R.C.14 
OR Oh BH ND AE Ed OD EE y ON RD AAD ORO A OD OD 

GROWTH 

    

CONCNs TOTAL CRYSTAL DIANETER MEAN GROWTH RATE MEAN 
@ijN TIME MASS INCREASE AREA — CONSTANT SUPER= RATE 

MINSs (GRAMS) — (CM) CM™ —K(MIN“CM") SATNz —CM/MIN« 

30,097 00000 2,000 
; 50005789 233453 3<6541@-06 £1392 346180- 

29847 850000 257% ~ ; 
‘ 0002668 2794.7 2s8664@-0 ~1318  2.668@-05 

29«708 135000 3.236 ; 
; 0002399 3101<2 2.6925@-6 +1265 25399@-05 

293569 18;000 33676 3 
: : 4000218 3395«0 2:1401@-G 31212 158220-6 

295430 24,000 45114 ee 
; : «0002013 3677«8 2.0668@-06 41160 1456700-6 

295291 30,000 4,552 © : : 
| 50001870 3950.8 167289@-06 51107 14336@-05 

295152 375000 4,988 © 
50001748 421553 150836@-6 «16%  7.9%6@~-06 

293012 48;000 5.424 
50001644 447251 151836@-06 51001 8,219@-06 

285873 58.000 5.88 
: 40001553 472169 1,0766@-6 <0948 7509e-06 

28.734 695000 64291 
40001473 4965.3 15081@-0 4089  6.697@-6 

28:594 80,000 65724 2 
0001403 520259 141015@-6 0812 6.43 75@-06 

285454 915000 76155 
4 65 50001339 5435.2 8:84720-07 5078 4.783@-06 

205315. 10.00 7. 
ee - 0001282 5662.4 85033@-07 +0736 4<274@-06 

285175 120;00 85014 | 
: 20002416 599362 8521220-07 «0656  3.6600-06 

276895 153.00 8870 
; : 50001140 631756 8.6021@-07 «G76 36354@-06 

27% 170500 952 : | 
we Lene 50001100 652769 7«0925@-07 +623 2.5010-06 

275615 192500 95720 
° oe ms , 50001063 6734«4 6.01&@-07 «0470 14898006 

2764 220500° 1061 
io “ae 50001028 6937863 5«27620-07 <O#16 14469@-06 

als «00 106 : : 
tere re Ss 4000099 713658 %412102-07 50363 9+956@-07 

27«1 400 10, ; . 
wr) os : 50000965 733350 5<8834@-07 40310 152070- 
2765 345500 11.40 a 

OLN WO PS GUN OO 89 ORE Tae Gad GIO TY SAE tom OUD Eva APD MOD Ga HED NOH ae TMD DY EN ONDA GP) AD TH OR ew KTM we TD eho 

EQUILIBRIUM CONCENTRATION = 265310 INITIAL SEED AREA = 2030 

mn BY Tag BD



OP cae OUR me Ot yy OD EE Oy SD 

womepmre jj = (j§= Seana ap ee 

a0 en O78 AE BS OA GL SD CD SND HN wa KAD ED HU Gd DAD ys HD. BD OND MD OD Gag TH OE a HY A UG SND EP COT A Say Ged HO MRD OR Goes EM AW Sms Oe A A oS OOD OR 

CONCNs TOTAL CRYSTAL CIAMETER MEAN 
i/V TIME MASS — {NCREASE AREA 

MINSs (GRAMS) — (CM) CM*> 

122531 «00000 2,000 
0000631 2061.2 

12s503 10,000} 2.077 © 
0002901 2240.6 

125363 170.00 2461 
000035 24182 

126335 390500 25537 
30007164 287342 

11.887 138050 3.748 
0001131 33736 

11.803 1515.0 3.974 —~ 
0001947 3580.0 

11648 174050 4.5385 
50000838 3770s8 

114578 180.0 4.572 
0005870 4269.1 

116016 279050 6860 
0001034 479165 

10,903 29850 6.343 © 
-<00009% 4955.34 

105790 316550 64635 
000018 50766 

103734 3240.0 6.780 — 
0000476 515654 

10.678 342050 6.5925 

105114 462050 84359 Ped atts 
: -<0002862 6216.4 

96901 60000 94410 
, 40001569 663050 

‘ «0 10,02 
ae aire : 0000334 6812.2 

é 0) 0650 1061 

ae u% <00002%5 6868.4 
953365 10080 10.26 © 

0000318 692342 

en wd eo O98 any Hath sate Cun oem Ae Os wi his Ch He SMB Cet aN 

EQUILIBRIUM CONCENTRATION = 961242 

RUN NOs? R.C.15 
Rees AG SU pas tas me OO OD DD Miers Shey ONG 

STIRRER SPEED :2000 R«sP.M. 
ee eet er 

SIEVE FRACTION: 44-64. 

  

GROWTH RATE MEAN GROWTH 

nets Ske” SM 
450033@-07 «3719 3«156@~-06 

15180)@~07 33627 9%065@-07 

156328@-08 +3535 1.216@-07 

5529000-08 «327 36 180-07 

637953@-08 <2982 4.188@-07 

763715@-08 5281 4.327@-07 

6<2348@-08 «2728  3.491@-07 

65555@-08 42381 34156@-07 

6456820-08 42011 24651@-07 

7#33302-08 «1888 = 2.7688-07 

940326@-08 3179 3234-07 

358381@-08 41734 — 14323@-07 

6574268-08 41394 1<814@-07 

645151@-08 502 140370-07 

561343@-08 +0481 4.4708-08 

2:9297@-08 «0310 1,663@-08 

2501020-08 50256 9265@-09 

3411010-08 0202 14104@-08 

oe) SO ees SS OG tHE OED DO OR ony BO et Deeg UD Hd OD Ine Oe TH OO 

INITIAL SEED AREA = 2030
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TABLE 3 51 RUN NOs! R.C.16 

TEMP:70.0°C CELL: C = STIRRER SPEED :1000 RsPsMs 
bet ead OO oe a we ome a et PD SO 8 OF me pg HH mea ON OF 

25 2 art Ok eee BE OTS OND BAD BE em OO Ont ene AS BF EN OG Meee ER Fee ET DS BD OS Ee Ee OS ODO OF ED ER OMe AMS AAP RED ed Ere SP Hw Seen oy HOP 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
aMV TIME MASS INCREASE AREA CONSTANT, © SUPER= RATE 

MINSs (GRAMS) — (CM) CM* = -K(MIN"CM") — SATNe = CM/MINs 
A ie ON OD OR. OG wee AL RE OID HOTS EHO Amd OG LO OR Eo HRY OTD LD ORD TEM MHS OW ony OD Hed MURAD AED D MOY Hee SHY AT OD BED Oe anD aaa 

50004023 2236.3 4s40108-06 91429 454708-G 

50002869 2603.6 2568800-06 41371 2<6080-05 

50002553 291858 2s4951@-06 41318 24321@-G 

40002309 322061 245931@- 941265) 263090-G 

50002113 3509.3 2.0701@-05 «1212 1s 6 10-G 

5000193 3788.2 24078@-06 +1160 15930-H 

50001819 405768 1581282-06 41107 14400865 

4000170 431952 142925@-06 314 95474@~06 

30001607 %573<2 1615 71@-05 1001 85 033@-06 

50001521 4820.5 1.4501@-06 +0948 955 1@=06 

500014%5 506167 161709@-06 70895 7a22k@-06 

30001377 529733 1:0819@-06 0Sh2 642602-06 

40001316 552736 8:6993@-07 +0789 45702006 

40001261 5753«0 7+3846@-07 60736 3 7100-06 

50001211 5973«9 3«911@-07 +0683 14836@-06 

,0001164 619054 3.03428-07 +0629 16294@~06 

50001122 6402;7 4.8098@-07 +76 1,8700=06 

0001082 6610;9 2.801%@-07 +623 94835@-07 

273615 280,00 9.888 
29.0 (007 ned Seon ONO OE Hl ay OOD Hea OMA Gam CH SON Ha SD ae OM gay HP OOey OOF POND eG NY AAD Hane eH) Ee Aald sed GDD een OAD OP ee CD (bee 2 CHa Om Sad ED SAD GE OY ETD Riggs BO ACD Gen Sod ER Sm ODA May ND BY ot HS CE NEES GE OPaeD 

EQUILIBRIUM CONCENTRATION = 265310 INITIAL SEED AREA = 2030



TABLE: 52 RUN NOw? R.C.17 

TEMP40.0°C CELL? —- STIRRER SPEED :2000 RsP.Ms 
on ee eT ee or ere rer 

SEED: BATCH C PREPARED SIEVE FRACTION: 44-64 ys 
Ot Oe OP Re OH OOS HO HO OL OO mee KE OD OM OS ONE Hd HD OOS OO OS Tg UE OD AD emy HR one ME OO ON OT LY AP OD OM OLS SMD OD HOM SO a, Sea ome 

CONCNs TOTAL CRYSTAL DiAMETER MEAN GROWTH RATE MEAN GROWTH 
WMV TIME MASS INCREASE AREA CONSTANT —- SUPER= RATE 

MINSs (GRAMS) (cm) cM= = K(MIN'CM7) ss SATNs =~ CM/MIN 

“ive «000; BU en a ee 
: 30004193 2245.5 8.5628@-08 «3179 7.487@-07 

50011035 3150.8 9.87 70-08 «27 7:456@-07 

+0000673 3888.9 8.6303@-08 2433 5609-07 

15190 280,00 24555 

D2 1020.0 4.591 
144395 10800 45745 50001296 4031.0 1428820-07 42359 8 1020-07 
14,282 1160;0 55054 | 
4196 127580 54285 
145125 132050 53477 

«0000931 4194.4 6,7041@-08 +2273 4,049@-07 

0000752 432053 1642870-07 «226 8.355@-07 

#0001019 W554 152041@-07 +2132  65791@-07 

0000814 4599.7 8.65630-08 +263 4.688@-07 

«000548 470951 151622@-07 +1991 65090@-07 

«0006270 5280.9 74889@-08 «1648  3,43182-07 

0000536 56 7«2 7.6944@-08 <1298 2:551@-07 

60000421 594259 753933@-08 +1243 2.341@-07 

6000018 6027.9 945379@-08 41188 2,879@-07 

0000308 612164 5.9439@-08 «1126 1.4695@-07 

60002395 639241 5.3671@-08 0942 1,2480-07 

0000366 665162 8,07790-08 40763 14523@-07 

«000049 67294 4.784@-08 50708 8 3208-08 

145026 1395.0 56745 

136940 148.0 5.395 

134884 153050 65127 

136143 2475.0 85081 

134072 2580.0 85266 

13.015 2670.0 8.414 

12.944 276050 8.599 

12.872 291050 8,783 

12.516 387050 94687 

12459 399050 94831 
12.387 42600 10,01 

DA td my miss ah men tap eae che shaanch hen wet ih ean can op Oa Ar Sap SURGES OBO MADER OHS Oe FF C8 09 tno 19 ong OD Deed OT OG OTD AE ak ON seg EDIE PO ong OSE OR OV gg GS OO OU Soe PH a ISM HI OS SD ER BO OR OE Re oe ONS 

EQUILIBRIUM CONCENTRATION = 114602 INITIAL SEED AREA = 2030
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28 ONG BM OO BED Le ID OB ES OO AE oe OS 67 em Cn OT TS OS WO mE ON oe me BO OD 

TEMP370.0°C CELL: C —- STIRRER SPEED 22000 RePsMs 
eos 009 WIND OD tenon eee Hae KY On mee Gray man as Cone 

SEED: BATCH D PREPARED SIEVE FRACTIONS 44-64 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN ~~ GROWTH 
a/v TIME MASS INCREASE AREA CONSTANT, SUPER= RATE 

MINS (GRAMS) (cM) CM*> = K(MIN“CM*) = SATNs = CM/MINs 
a) =e 29 PU EH CBery OF OF ay am WDD cay Gad MT HHP AD Sed Hayy OH re OD LY OID OO ow eny fed WI Hadad OD OD 

2998 400000 1.968 
  

0002333 320931 3.9981@-06 +1371 358888- 
293847 3.0000 23410 

0002014 370782 165435@-0 31318 1.439@-6 
295708 10,000 2:1 

0001783 HI77o 1611GE0-06 51265 = 9:590BO~06 

40001606 62457 163466@-06 41212 141470-G 

0001467 50258 9.0259@-07 +1160  74333@-06 

50001353 5464.4 8.7499@-07 +1107 6,5 764@-06 

~0002438 605151 6.5579@-07 «1027 4.6880-06 

40001108 661936 5+63202-07 0948  3.695@-06 

40002015 715760 8.5¥7@-07 40868 5411306 

0000948 768150 6<74208-07 50789 356470-06 

<0000906 6801768 6502@-07 50736 36020006 

5000088 8347.4 6.2209@-07 40683 2,894@~06 

<0001636 8826.9 44538@-07 +0603 1481806 

40000772 9297s0 3491280-07 4623 14379@-0 

500007} 960143 3«19460-07 40470 1,50078-% 

«0000720 990050 3.2351@-07 sOH16 940008-07 

30000697 10193 34208@-07 +063 7s 7408-07 
s0000}07 10325 2,12992-07 «0321 44523@-07 

293569 195000 3.5291 

293430 265000 3.729 

29291 364000 45167 

293152 465000 4.604 

285873 J2sC00 54% 

285734 875000 5.909 

283454 107600 6s774 

245315 120.00 7.204 

284175 135500 7633 

285035 150.00 8,061 

2786 195600 8.914 

278615 223600 9.339 

27475 260500 95762 

276335 300500 10,18 

27515 345.00 10,60 

278111 390,00 10.6 
28d te Gin eg mn HD OH dad ED OE OAD Med GP ONY ORD MED CD HM OHA End HOGI ED MEN ONS Ro BIAS SBM Moen HG MS SHA HS SA ED OD ER OM EH ayn ED OD Ory ee GAP OD eu Ces UO Kae AO HO ATD cy AR OD Cord comm UE ome OS HUD Dene OP OD Gun OD 

EQUILIBRIUM CONCENTRATION = 265310 INITIAL SEED AREA = 2952



~ De ws 

SEED: BATCH D PREPARED 

RUN NOs? R.D.2 

STIRRER SPEED :2000 R.PsMs 

SIEVE FRACTION? 44-645 
ay OED Oe pag SEA Sand Od CR Oe EU SN OR Oe OA Rh Ee OD LON OH CEG END MET HI ong UE SR oxy LOO Tas Be NE oy OMS ford CORD MD Ka A OD CD OD GAD OOD 

  

CONCNs TOTAL CRYSTAL OIAMETER MEAN GROWTH RATE MEAN GROWTH 
G/N TIME MASS INCREASE AREA CONSTANT, = SUPER= RATE 

MINSs (GRAMS) — (CM) cM? = K(MIN"CM*) ss SATNs_~—sCM/MINg 

285748 00000 2,000 
40001413 3155.5 2621300-0 «0911 = 14413@-6 

28,664 550000 2,263 
50002089 3556.5 6.8715@-07 .08%8 4.177@-6 

28.524 30,000 2.702 
60001837 4035.2 5«37%@-07 +0815 3,0610-06 

28538 60,000 3.140 
0001647 448959 3.61041@-07 <0762 1.647@-06 

285245 110,00 36577 
«0001499 4924.4 251743@-07 «0709 1,071@~06 

28310 180,00 45013 
30001379 5341.8 2:0236@-07 «0656 94192@-07 

275965 255500 4.448 
60001280 57.3 2.7942@-07 «0603 15163@-6 

20 00 58 29 OF YOO Ong OE OOD SD SNE SP toy OT RS FED RD OD OD ED OD HE i SY OP DTD Mts OD oD ty GD MOK eg HN HS HS AN aD LD NY ODD HR HO Ae ed SP oy Om CNY HNN OE LOR REND Meg Dad fy UNO Gaey OM HOD GEG Ma Ge Gd CRED AOD 

EQUILIBRIUM CONCENTRATION = 26.310 INITIAL SEED AREA = 3000



~ 253 - 

Ae 1 9 Rind OG OO MD DEES OR C3 8 gay OO SE ON ee, HOE OD OE FO OE ee OD BD OD 

TEMP: 70.0¢ CELL:  STIRRER SPEED: 2000R.PsM. 
whe Oe Om one om Ole SRN ARE ED ay ON OND ORD ON OMS ONG OOD 

SEED: BATCHD PREPARED SIEVE FRACTION: 4A-64 pa 
SO OO aoe Bas AT CD THD A GD SED ETE EAR SEND EST AD Po ON UE aR OHO Oe =   

CONCNs TOTAL CRYSTAL SIAMETER MEAN GROWTH RATE MEAN GROWTH 
@iN TIME = MASS INCREASE AREA CONSTANT, «= SUPER= RATE 

MINSs (GRAMS) (CM) CM™  K(MIN'CM™) = SATNs =~ CM/MIN« 
oe a we Te 3 00 tor et De erie Oe MO es OH OE ng ARO RE a Oe oy OO 

29930 400000 1.4967 

295763 6.0000 2,497 

  

0002760 325760 2441082-0 «1344 2,53000-G 

#0001%3 3801.9 1.7997@-G 4128 1.4636@-6 

0001745 426753 1.0038@-06 +1234 85725@-06 

30003025 491956 74547@-07 1154 6.0)10-0 

0001334 5545<9 5.9193@-07 «1075 4.448e-0 

0001123 592169 8.7277@-07 «1025 64238@-06 

50001174 628.2 7.851@-07 «097+ 5.4334@-06 

29624 12,000 25938 

29048 225000 3.378 

295207 475000 44256 

29.068 625000 4,693 

285943 71<C00 5.086 

ete. eae 000110) 66591 7.2015@-07 .0921 4.600-06 
28.664 94.002 55957 

0001046 7021.9 759099@-07 +088 4,7530-6 

20000994 7375«4 5+883@-07 ~0815  353120-06 

6000185 78880 142224@-06 40736 6510@-6 

5000089 8389.5 9.6637@-07 0656 4.344@~06 

~0000835 8713.4 4.663@-07 «0603 1.898@-06 

30001581 918.0 3.45293@-07 <«023 1s254@-06 

60001476 979959 645635@-07 «O86 1,845@-06 

26.524 106400 65391 

28538 120500 6,824 

28510 13500 75688 

275965 145.00 85119 

27«825 167.00 8.549 

278545 230500 96406 

275265 270500 10526 
  990 erey at mp 00s Mk pag ED OS Let BET EO RN aoe Kad HOD POND GeO Oak Sd aD BO 

EQUILIBRIUM CONCENTRATION = 26,310 INITIAL SEED AREA = 2951



~ 254 - 

TABLE: 56 RUN NOs s R.D.4 
OR oy EA me CY me aed oe ED OD Phas g OD IED EMD ALD BLN ONG ta MND EW MON mney ORE OD DD HOW 

TEMP70-0°C CELL:$S STIRRER SPEED 2000 R.PsMes 
om ae 80 tea > SO coe OA Ee RB I See OE Oe a OS DE On Re 

SEED: BATCH C PREPARED SIEVE FRACTION: 75-89. 
OO och EMD LTE OG OI OR Ook CR ad 28 9 ane motes 8 Cre ae Ge Ae FD CT ME EERO OED   

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
@u/V TIME MASS INCREASE AREA CONSTANT SUPER= RATE 

MINS. (GRAMS) — (CM) CM* = K(MIN“CM*)  SATNs = CM/MINa 
re Dor RU Eg OTT OUD HOG tong HO HOF OS END Ry OM TED EE C5 CO ED OO gy OO MND COD Oh TT enh FEO ong DOM Oe 

305235 «00000 15955 

305041 650000 257 

  

«000266 2h72s4 3341920-06 «1455 3.5550-6 

50002412 310059 250370@-G +1392 2.40108-05 

30002076 359365 163710@-0 41339 = 16297@~0 

0001831 4063.3 104434@-06 4128 = 16 308@-05 

295902 125000 3.016 

295763 205000 35456 

295624 27.000 3.896 

29.485 365000 4334 

295346 45.000 45772 

295207 55«000 5.209 

285789 82000 63518 

2835650 9.000 6591 

20001645 451353 165460-6 41234 9.1400-6 

60001498 YO'G50 1,00600-06 ~1181  8,323@-6 

0001379 536335 8<754e-07 +1128  65893@-06 

«0003608 614939 9.43798@-07 +1022 6,681@-06 

60001061 691454 64395@-07 50916 4; 0808-06 

#0003766 7792s6 6436300-07 «0783 3.424@-6 
285091 150.00 8683 

0000840 6652:2 5.5573@-07 «0651 2.4700- 
27691 167600 96112 

0000808 8978.4 4.53134@-07 .697 1«6@-6 
276811 190500 9.540 

276531 215600 10,39 

276391 242,00 10,82 

276251 275600 11625 

26.970 360,00 12.09 

#0001530 9454.9 857310@-07 «G18 3.610-6 

#0000726 99232 4.5472@-07 «0438 1.344@-06 

0000703 10228 451137@-07 0384 15065@-06 

50001344 10674 3.49016@-07 +030  76909@-07 

BB CUE 509 om Ea AWD Med GL OUD URE MOC EAD OS A RON EM TL HY Oe DONE HD CIGD BO DORD any CO OD He wer HY weed BO OW SED OO AD MDG Hag BPAY MD AD Mmm OO SD ON HOT Ded A AY LUDA 59 OS OVERS Sd cee DEE OV Eom OO oy SD 2D OO ODE ay 

EQUILIBRIUM CONCENTRATION = 266310 INITIAL SEED AREA = 2096



CB 8 Me LO 6 as C3 HD 

TEMP: 70.0% | 
Pe 8 Woe 

SEED: BATCH D PREPARED 
CR My TG AD OT OE By HAE MD gay CT OR OD Mag ong COD HO MD Gad DU OS Eom en BU RA LE HAD Gd comg UAE EOD BEL) OW 34 ea ONS ONY ED OND ag CHT ED OO OOD OD 

TOTAL CRYSTAL DIAMETER MEAN CONCNs 

MN TIME 
MINSs 

MASS 

(GRAMS) 
BD guy PH OT CU and OM TD CD OD ey COD Mey OD TAG MAE ens SE WK MeL Oa OH MIE MAR AO Ew Bed THD TAT any OUR GER Sud Fad CD Be ae OP OND AD OVD ELD Rang OA Com Ont WO TAD and TH UD ag HN CUP ENS HY My ONY OH Rig SOY Paw Sey ESOS Oe TD ti OD 

16945 

2.476 

25917 

36357 

357% 

4.673 

5110 

305069 ,000V0 

29902 

295763 

--29.62h 

294 

296207 

29.068 

283929 

550000 

125000 

18,000 

255000 

425000 

505000 

625000 5546 

5981 

66415 

6,848 

7«280 

qs7l2 

85143 

83572 

9001 

285789 736000 

28,650 84,5000 

28510 95.000 

283371 10900 

285231 121,00 

285091 134.00 

276951 

276811 

273672 

276531 

272391 

2762 1 

15300 

174<00 

195600 9ai29 

96056 

10528 

220500 

275 «00 

32500 10.71 

~ 255 ~ 

CeiL2°S 
2 Cee Stem 

INCREASE 
(cM) 

50006938 

0004994 

“6 0004472 

60004 065 

~ 00072 10 

0003237 

¢0003042 

0002873 

¢ 0002725 

50002594 

30002477 

0002372 

50002277 

~~ 0002191 

50002112 

“6 0002039 

~ 0001972 

~0001910 

50001852 

0001798 

RUN NOs: R.D.5 
2D Pay KD OD CO en OG OD Se Coe AE oe HE ERG MET OD 

STIRRER SPEED: 2000RsPsMe 
CT re Dead Wy MBAB ore cig GD soy 

SIEVE FRACTION? 75-894 

ee 

129567 

1495 :<4 

166643 

18294 

206052 

228269 

24ahs2 

256165 

269552 

2825.57 

295361 

3°77sT 

3199.8 

331965 

3436-69 

355262 

3665 <5 

377TT«0 

3886 57 

399467 

GROWTH RATE MEAN 

KIN CH?) 

659933@-06 

35 76530-06 

451063@=06 

see 
2361780-06 

269%30-6 

15 7814@-06 

1<9408@=06 

1695 24@-06 

139778@-6 

155853@~06 

1.9002@-06 

1.58155@-06 

16296 00-06 

162341@-06 

163117@-06 

141843@-06 

5 «6470-07 

Ts H4@-07 

850791@-07 

  Ce en er 

SUPER 
SATN« 

21397 

«1339 

«128 

#1234 

«1154 

GROWTH 

cu/MINe 

69380-65 

3356 70-G 

36 727e- 

259030-0) 

261210@~G 

25023@~05 

1526 82-05 

15306@-G 

16239@- 

161790-O 

8;848@-6 

9850-06 

8575 90-6 

5« 7650-06 

55 0288-06 

4 5@-0 

: 35940-6 

1 «7360-06 

: 1685 20-06 

15 7980-06 

29 $0 gcq Orn OOD red BAD End HAY nd OO OG AIL Uoed OOP Had BE Ey Ud OTD A) MO GRD UP EID OD



AD 60 ap ow MD HOME 

2761H 

ae 

Bg I 

TABLE: 58 
OP Oe Om Oe oe eae Ot OD HO SO OR 

TEMP :70.0°C 
0 ot oe Oat on 

SEED: BATCH C PREPARED 

CEES ¢ 

- 256 ~ 

RUN NOés R.D.6 

    

  

STIRRER SPEED 32000 RePaMe 

SIEVE FRACTIONS 75-89, 
oe BD CD Ona OM MAD Om CU Ow ae OL BY HY ID OM HD Ed 

  

TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
TIME MASS —_|NCREASE AREA — CONSTANT SUPER= RATE 
MINSs (GRAMS) — (CM) CM> K(MIN"CM?)  SATNe = CM/MIN« 

«00000 14970 
50003152 2303.7 4.9924@-06 <1476 55253@-0 

30000 2.413 
0002570 2912:8 1.8168@-6 «1424 1.836@-05 

10,000 2,84 
60002185 3415.5 166099@-0 +1371 145610-G 

17s000 342% 
0001911 389453 164693@-0 = 51318): 14365@-G 

245000 3.734 ) 
3000176 435251 160659@-6 +1255 944760-06 

33000 45173 
30001546 4791.5 1.1373@-06 1212  94659@-06 

44-5000 4.610 
50002730 5416.6 9s0771@-07 «+1133 7<104@-06 

605000 55483 
50001221 602163 5s9%01@-07 «1654 4,3600-G 

7.000 54917 
60001145 640653 8;2624@-07 41001 5%726@~06 

84000 6.351 
0002102 696145 7<8794@-07 +0921 5. 0@~06 

105400 «215 
3000187 76755 7«30V@-07 +0815 4.12he-06 

128;00 8,07 
60001733 635851 5.6126@-07 +0709 2,707@-G 

160,00 8,931 
50000814 884+3 4.77300-07 «0629 25036@-6 

180500 9.4356 
50000783 917505 FsBHi@-07 «HG 1695 7-H 

200500 94781 
50000754 949056 3.064@-07 +4023 15077@-6 

23500 10:20 
0001432 995058 367352@-07 <OH41Z 1.1020-06 

300500 1146 
\ i «0000681 10403 3.5338@-07 +0363 8.512@-07 
O:00 4h; 

, 50000658 10697 1.6982@-07 +0310 344650-07 
27665 435.00 11.88 

OOF By ON Ae AO CRF HO Ore VND ED HO ed 419 Od EY Aa OD GUN Sem RI Ad egy MEI MD Cad OD me on wen 

EQUILIBRIUM CONCENTRATION = 265310 
tan nea OP9 Emde MAES GAD FOE WD LO 9 19 ERED asd CMR Ory 

INITIAL SEED AREA = 2112



87s 

TABLEs 59 

TEMP:70.0°% CELL: S 
(2 m8 eg OO woes Sen a 

RUN NOst R.D.7 

SEED: BATCH P.G.PREPARED SJEVE 
  

  

623 Se Oot tee tag BO IO GeO AT ED IMT DOR GA TD swe OD 

OFS 6 6 rae OE ON AAD ary 2S om 

    

GROWTH RATE MEAN GROWTH 

KUMINTOU) —SATNe CHAIN 

165131@=05 +1339 14436@-04 

9s2466@-06 5128 8460-5 

6.4996@-06 51234 5.6510-6 

2.56350-05 «1154 2.080805 

25336306 2195 16 756@-G 

1s2797@-0 «1022 9,51200~06 

3s5296@-06 50943 253130-G 

2531870-6 +083 14638 @0-G 

25 1448@-06 50810 141998-G 

2.0154@-0 <067 18H C@-G 

162492G-06 0701 6.036@-6 

168 87e-6 50651 8,2810-6 

252788@-6 +597 982980-6 

153192@-6 «GY 4,891@-6 

1s2464@-0 50191 4.15 7@-6 

869351@-07 «O11 25477@-06 

  

CONCNs TOTAL CRYSTAL OIAMETER MEAN 
@i/V TIME MASS INCREASE AREA 

MINS. (GRAMS) = (CM) cM* 

293902 00000 1.955 
: 0005745 1302.4 

25<163 2.0000 2.397 - 
000044 148050 

29.624 5.0000 2,838 
4000!520 164757 

29648 9.0000 3.278 
2000790 1882.4 

296207 285000 44156 
0003512 2107 

29368 38,000 4.593 : 
; 0003283 224957 

285929 56.000 5.030 
«C0601 2453.3 

283650 69+C00 5.901 
20002769 2651.2 

283510 79%000 64335 
«9002638 277860 

285371 90.000 6.768 
50002520 290187 

256231 102,00 7.5200 
40002414 302258 

285091 122,00 7.632 
+0002319 31412 

275951 136.00 8.062 ; 
40002232 3257.3 

27«811 148,00 8.492 As 
0002152 3371.3 

278672 170.00 8.921 
43 30002079 3483.1 

276531 195600 96 
- 2 3 0003964 3646.7 

276251 27600 10,20 

EQUILIBRIUM CONCENTRATION = 26,310 

eum SAD ony ~- 22qsq OC OO ENOGOP OW AD OR OD Ow 

INITIAL SEED AREA = 1211
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TABLE 60 RUN NOs: R.P.G.3 
PO ony Ua OD TG OD Lg ORE I BD Oe, Sle OF es Ok oe eng AOE MED oD OB ent SD ere MOD Ome OME 

TEMP: 70.0% CELL: S — STIRRER SPEED 2000 RsPsMs 
0 24 oe mY OD 80 no ot eo we Ce 

SEED: BATCH P.G.PREPARED SIEVE FRACTION: 89-105pa 
  

Oe ore 8 ce OT SS yy OR ANE MY OP SD ASD ONS LD AM eng ED OY AY LD OO OW OD any OND OY ony SD NESS = te 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
“MV TIME ~— MASS’ —sSNCREASE. AREA CONSTANT, SUPER= RATE 

MINS« (GRAMS) (CM) CM* = K(MIN‘CM") =SATNe — CM/MINs 

314319 500000 2,000 igh aie ROP Cs soak ee 
#0008206 139981 9423620-06 .2602 1.641@~o} 

s000H464 181369 8.7201@-% +2530 1.488@-04 

50003749 215163 5+6476@-0 52470 95374@-05 

20003246 247641 6.7039@-0 210 1,0820-0} 

60002873 2788.6 4.65779@-0 +2350 75183@-05 

«000258 3089.4 452396@-06 2290 65463@-5 

#0002356 3379«7 35979080 42230 548908-G 
50002169 3660.6 3.40197@-6 52170 453380-65 

60002013 393259 2489008-06 42110 4,025@-05 

30001880 419743 2s 7866@-G 4200 34 761@-G 

0003439 457859 2667160-6 51960 35439@-05 
0003087 5069.6 255693@-06 +1840  35087@-05 

#0004132 5650.5 2435290-05 41690 2.5830- 

0001265 6101.1 155617@-G 41571 1.5810-6 

0001218 6317.7 165676@-6 <1511 1.522@-G 

50001175 653055 1,2631@-66 9.141 = 161 @-G 

60002235 684159 1.8363@-6 «1361 1459 7@-0 

60001064 7148.3 163162@-06 41272 1564@-5 

316111 2.5000 2,671 

30.963 40000 3.148 

305814 6.0000 3,624 

30.665 7.5000 4,099 

30.517 95000 4.572 

30.368 1135500 5.0%} 

305220 13.500 5.514 

305071 165000 5,983 

29-923 18,500 6.451 

2977+ 214000 64917 

293477 26.000 72847 

29180 31.000 8.772 

28.736 395000 10.15 

28;587 43.000 10,61 

285439 47.000 1166 

285291 52.000 11.51 

275994 595000 12342 

27816 645000 12.87



- 259 « 

TABLE :60 (CONTD.) RUN NO. :R.P.G3{CONTD«) 
0G OA OD One OF OM Eg HE Mee NO OOD RY DE EN 69 OR ey Od TP Ong FOG WH ES RTE Gy 1 1 OU ON a $9 wd OHNE Oe OF me 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
TIME MASS INCREASE AREA CONSTANT. SUPER= RATE 
MINSs (GRAMS) (cM) CM* K(MIN’CM9) SATNs  CM/MIN. 

nee owe 0 Oetang ent wey ed ot woe 

27s846 645000 12487 

275550 T4s.000 13476 

27s4c2 80;000 14,21 

40002036 7445.5 143601@-06 41182 14018@-0 

50000974 773834 141790@-06 51092 861180-06 

20000948 792954 150432@-06 41032 6.77/20-06 

50000923 811748 1511@-06 40973 9462350-06 

0000900 830358 857601@-07 40913 5.0020~06 

«0000878 S874 9516960-07 083 4.8800-06 

276254 87.000 14.65 

275105 925000 15410 

265958 101500 15.54 

263810 110,00 15.98 
0 Ort ye tas ewe ST ED gD 69 157 TOD Beng WH OS OO FY BD way TE OM ond AE MO Des GW HD GRD LY PO OOD Ed Be Ow OD 

EQUILIBRIUM CONCENTRATICN = 245771 INITIAL SEED AREA = 1156



- 260 « 

RUN NOs? R.E.1 

STIRRER SPEED $ 2000RsPeMe 
CO ot ome 2 we C2 pes ON we Ont OE OO OMe BRED CD 

SEED: BATCH E PREPARED SIEVE FRACTION: 89-105 

TEMP70.0°C CELL ¢ 

  

  

GROWTH RATE MEAN GROWTH 
ii/V TIME MASS [NCREASE AREA — CONSTANT SUPER= RATE 

MINSs (GRAMS) — (CM) CM* K(MIN'CM") —- SATNs © CM/MINe 

29:98 ~00000 1,982 
6000}307 1739«2 151066@-05 .1371 16077@-0% 

29,847 250000 2424 
50003672 203452 2,8129@-6 +1318  25623@-6 

295708 90000 2,865 
0003218 2314.6 2.00/2@-0 +1265 147880-6 

295569 18,000 3436 
0002877 258235 1:6881@- 1212 14438@-0 

29:30 285000 3.744 
50002610 2839.4 1678:7@-0 41160 154508-G 

295291 37<000 4,181 
0002395 308.9 159361@-6 ~1107 16497@-6 

295152 45.000 4.618 
0002218 332650 1,8883@-06 <164 1438@-05 

294012 535000 5.04 — : 
40002068 3557.6 1s4878@-06 «1001 1,034@-05 

28;873 63«000 5.489 ‘ z 
50001941 378255 146427@-06 +0948  1,0780-6 

28734 72s000 5.922 
0001830 400143 163466@-0 0895 8.5318@-6 

283594 835000 64355 ~ : 
50001733 4214.6 134957@-06 ~0l2  8,£666@-06 

283454 935000 65787 : 
s0001647 442258 151709@-0 +0789  64336@-06 

285315 106500 «217 
: 50001571 462652 9<7573@-07 «0736 44909@-06 

283175 122600 JOT ; ; 
: 0002944 4921.9 86839@-07 <0656  3,874@-06 

27:85 160,00 8503 — 
i 50002716 5304.6 85718@-07 +50 36233@-06 

276615 202500 94354 ; 
, 3 ; 0001283 5583s4 8:8373@-07 <O470 247900-06. 

2 225<00 96 : 
lee sg 0001239 576451 %451@-07 ~«0416 1.4239@-06 

27« 27<00 10.20 — 
la «0001197 594156 4.9499@-07 «0363 14197@=06 

278195 325600 10,62 
20002273 620036 3.84%3@-07 ~<0263 7.103@-07 

© 0 0x0 asp CR ae 9 HD A HM GEE GA EM De ONG ast HOA OD MON DD HD GG OD ND HD OE OD OE HD ANY LAG OOD OE MOE OH OHS OBL MD MR UE OnE HP DoD A ey BOP TD OD eum HE OED MOD ng HD CO cht Dees ame Kany Gad ON Owe MS Sm OO FOR wy ey 

EQUILIBRIUM CONCENTRATION = 264310 INITIAL SEED AREA = 1588
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TABLE: 62 RUN NO. : R.E.2 
26 i Oe ORO OD SS OEE Hone OE OS z 0 ct At om EF Res SHO ee Se ON HO Oa HD HD RN OOD 

TEMP70.0°C CELL: C  STIRRER SPEED: 2000RsPsMa 
mameraes eR a DB ee er 

SEED: BATCH E PREPARED © S|EVE FRACTION: 89-105. 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
dV TIME MASS INCREASE AREA CONSTANT § SUPER= RATE 

. MINS (GRAMS) (cM) CM~ K(MIN-CM>) SATNs  CM/MINs 
20 OP ne Re OF OT ED Red OR OE EE SU OOM Bey SO WHE OD OND 

27419 <00000 14986 
  

0011184 202362 157797@-07 0375 443350-07 
265970 1290.0 36310 

50000557 248051 140130@-07 +0284  1,856@-07 
26942 144050 35391 ; . 

<000G40 252931 654525@-08 <0274 15125@-07 
26914 168050 36472 ? : 

0 oe Oe Od way ce OD OD on wee ne 8 oe Blan oe Oe Bed ma ms mt ne om CIR 

EQUILIBRIUM CONCENTRATION = 265211 INITIAL SEED AREA = 1591 
 



- 262 - 

RUN NOs 3 R.Ee3 

  

  

TABLE: 63 

TEMP:60.0°C .CELL:C  STIRRER SPEED :2000 R«P.M« 

SEED: BATCH E PREPARED SIEVE FRACTION? 89-105». 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
d/V TIME MASS INCREASE AREA — CONSTANT SUPER= RATE 

MINSs (GRAMS) — (CM) CM™ — K(MINCM?) = SATNs = CM/MIN« 

276276 ~00000 1.9 
me! sti 0007818 1879<1 164179@-05 «3447 2.606@~0} 
26998 1.5000 25849 

: ¢0003163 230260 5.97000-6 3343 164@-oh 
26589 3.0000 34279 

50002833 2564.6 832116@-06 «3274 14416@-04 
265719 450000 3,708 

; 50002574 281658 7.6414@-0 4320 14287@-04 
26580 5;0000 45136 , : 

-<0002364 3069+9 7«1930@-06 3136 141820-04 
26441 650000 4,563 

0002191 329459 5<46720-6 3067 8. 765@-5 
264302 752500 4.990 

0002015 352257 5623420-06 +2998 8,1810-O 
263162 8.5000 55416 

50001920 3761 %520300-06 52929 65402005 
265023 10,000 5,811 , 

0001812 395936 %.8870@-06 «280 7.249@-05 
25883 114250 6.265 

0001718 416938 4.75830-06 42791 658708- 
253743 126500 64688 

50001634 4375.0 3<8771@-6 52721 5 H6O-H 
25604 145000 7110 , 

, 50001559 %575<8 354187@- 42652 4,6680-6 
25464 15.670 7532 © 

. 50001492 477253 338802-06 +2583 444930-05 
6324 1763390 7693 : 

ae ee? 0001431 496550 257789@-06 «2514 345 780-0) 

253184 195330 8.373 
60001376 5154.0 3.29880-06 2444 45119@-G 

25014 21,000 85792 © . 
| ; 40001325 533985 3412910-6 52375 3 7878-G 

24904 2260 9.4210 
; 50001280 5522<0 28424@-06 52305 343340-G 

24764 243670 96627 — 
: 0002436 578961 2526000-0 «2201 2.522@-G 

24-483 295500 10546 © ! 
: 0001160 605250 257418@-06 «2097 249010-G 

245343 316500 10,88 | : 
50001126 622362 2.7594@-06 «2027 248150-05 

245202 336500 11529 — : 
: 50001094 639139 2s4743@-06 «198  254320-6 

24061 35.750 11.70 — te ,



TABLE 363 (CONTD«) 
ae Owe 

. 26s 

RUN NOs RE. 53 (cons :) 
  

s TOTAL CRYSTAL DIAMETER CONCNe MEAN GROWTH RATE MEAN GROWTH 
@iN° TIME MASS INCREASE AREA COeTeN SUPER= RATE 

MINSs (GRAMS) (CM) cm K(MIN” M*) SATNe CM/MIN« 

245061 356750 11.70 
- ; «0001064 -6558;2 2.5019@-G 1888 2,365@-G 

236921 385000 12,12 
40001036 6722.3 2;0747@-6 +1818 1,884@-0 

235780 40570 12553 
0001010 68842 1.93220-0 <1748  14683@-G 

23639 435750 12:94 
0000985 74.1 1468165@-0 +<1679 1.5150-6 

233498 475000 13535 
20001903. 727967 1s 74300-0 1574 —15359@-0 

236217 54<000 14417 
#0000918 71256 2511182-6 51469 = 1.653080 

23607 57s000 14.57 7 ‘ 5 
50000898 766550 157395@-0 «1399 146197@-0 

225934 60:70 14:98 — 
: «0000879 781557 1.5654@-05 41329 1.034@-05 

225793 656000 15.439 
; 000081 7964.8 1.0743@-06 ~1259 65621@- 

224652 716500 15579 | ; 
: : «0000833 811253 9684@-07 «1189 5.6220-6 

226510 79«000 16420 
0000827 8258:2 140116@-0 «1119 54511@-06 

22.6369 6:5 00 16 <60 : 

40000811 8402.7 152245@-6 1019 6,237@-06 
226227 936000 17,00 — : 

| «000079 845.7 162910@-0 30979 651200-06 
2208 993500 17<40 

<0000781 8872 8,0889@-07 30909 3.355 00-06 
215944 110550 17.80 | 

«0000767 882735 161171@-06 «+0838 4.512@-6 
21,802 119500 18,20 

50000753 8966.3 7«2929@-07 «0768 25691@-6 
212661 133200 18.60 

«0000740 91039 7+3841@-07 50698 2.468@-6 
214519 148500 19500 

20001443 930763 5s5 50-07 «92 145680-06 
214235 194.00 19% 

rae a 50000703 9508.8 5.8618@-07 0187 1.353@-06 
a1< 220500 20,1 

= , 0000692 964153 443988@-07 <OH6  8.645@-07 
20,90 260;00 20.58 

«0000948 97983 4<3702@-07 «0332 6.5768@-07 
205751 330500 21513 © 

50000399 9927s9 2s7257@-07 40261 34324@-07 
20.666 390500 21537 

Sr exy oxo ae OO ond aay Oo Wen PD (HN Oe rg OS ERG IR. OV oD OLD ONE Or Ra HO ED CUP SAE OE HP LHD LY AS EYE BSE ay OM HD OME mg OE SP Oe HOR a wre eg aD NP Om ORD OD BaE SB a HEM Hy Md OD OH hase ae eae WS nap wine 

INITIAL SEED AREA = EQUILIBRIUM CONCENTRATION = 20,181 

  

1590



~ 264 - 

TABLE $ 64 Lae -» RUN NO. $R.E.4 

OS OP OF ED OD DD OO 

TEMP :60.0°C CELL: C STIRRER-: SPEED $2000 Rs.PsMs 
‘mun cmenee ' ea me oe aren ‘G2 ne Fo wt Ohne OO Be? WE mw GD OND Ome whe 

OF a wag oe SE ne aE THN AG ey RA HT na Dey 

SEED:.BATCH E' PREPARED -SIEVE FRACTION?. 89-105» 
    agg OOM ee OE BwY OE ee wom <8 meee Oy ONG HES ay ON ME ONT AD eT GN HOP SE ag MLD Gow cay ame WD ON OD 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
ju/V TIME = MASS INCREASE AREA CONSTANT, © SUPER= RATE 

MINSs (GRAMS) (cM) CM™  K(MIN'CM")  SATNs = CM/MIN« 
9 8 8 ene OEP OS LED OR OA ea ND OY OE OD a OD SD GG OD AA oy ORD AY OE SHER OE om Oe OF wane one xo.   

0001906 176454 25979%@-05 52137 36271@-05 

50003460 207568 7.6419@-07 «200 6&,0180-6 

0003056 234451 739323@-07 «1990 8:0420-06 

0002747 260059 7sOVI3@-07 41919 64867@-06 

30002502 284766 7«0340@-07 +1819 6.585@-06 

«0002303 308.6 761271@-07 «1779  6.4398@-6 

50002138 3315<7 665459@-07 +1708 5.6260-06 

20001998 353869 7«1534@-07 «1638 5877@-6 

50001878 3755s8 5%7050@-07 +1567 4,4720-06 

0001774 3966.9 662546@-07 «1497 4466 7@-06 

000328 427253 6+2586@-07 +1391 44323@-06 

0002993 466652 6.5587@-07 +1280 4, o+4@-06 

0002754 504450 5.1732@-07 «1108 2,8108-6 

40001299 531931 4.4300@-07 «1002 25165@-6 

0001254 549754 443266@-07 «0931 16959@=06 

0001211 5672;7 %4<4034@-07 ~080 1,835@-06 

0001172 58%5.0 %.3940@-07 +078 1.674@-0 

«0001135 6014.5 3.2864@-07 «0718 14135@-0 

40001100 618142 352280@-07 «G48 1,50000-6 

40000751 632151 36350@-07 «G87 94391@-07 

0000736 643458 3.5976@-07 «037 94202@-07 
215036 620,00 11574 

‘ 
0 eee HS OP UCE SU gay AD OD SD RADA eed EAD OME LAN TY LOD OO IM Ty LD OOB-DP A AMY PO To Gate CD ESP GeO, BY OY EAR OF MY Weng WA TT MD OD gry PN HOD Oey HE OD OD Mung HD Le) OR BS BT Gey OR OA sae NO EOD owe OAD Phen ey 

EQUILIBRIUM CONCENTRATION = 20,010 INITIAL SEED AREA = 1590



CONCNs 

BS Ak ag OE THR HWY Cee eg no WHE OS OE ag ET EE ery ED Ong OMY Ree tay Gor EP RITE Wd OO Ea ET EAR Be OP Cas ON HS BEATE Tag FE DCD may HOY PD me ony FEO ON Og CD TET aay OTL OE ee OH EEE BOD OE esp Sin PP MD OES OO MS EY OD 

225934 

= "265 «= 

TABLE? 65 

TEMP:60.0%  CELL:C 

- SEED’.BATCH E PREPARED 
OO OD OH OO SWOT RE WH DA OD OY ae SO AO UD On 0 OO Be SESE Chan OO ERK Es Me GD Rey MOE HD ESD ORO WH On OO Oe ee Cae 

TOTAL CRYSTAL DIAMETER MEAN 
iM/V TIME MASS INCREASE AREA 

MINSs (GRAMS) (CM) cM= 

25827 «00000 1,96 . 
30002591 168051 

255743 145000 2,243 ; 
00 1911+ 

25:60} 6.5000 2.671 AOR 
40003303 2189.6 

25464 12,000 3,098 a; 
ae 0002939 2455.<1 

253324 15500 3.52) © 
60002657 27096 

25184 20,000 3,950 
; 50002432 2954.6 

250%} 245500 45374 
; 0002246 319152 

245904 285500 4,798 : 
: 0002092 342054 . 

245764 335000 5220 
60001960 3642.9 

24623 376500 5.642 
0001846 385933 

245483 425000 65063 
| 0001747 407052 

24.2343 475000 6.483 
0001659 4276.1 

245202 515000 65903 
0001581 44774 

245061 555000 75321 
0001512 46743 

235921 593500 7.739 
ee s000TH49 486743 

235780 64,000 85155 
0001392 50635 

233639 69500 8.571 
«0001339 524252 

238498 75.500 85986 ; 
; 40001292 54247 

236358 825000 9,400 
7 3 «0001248 5604.1 

232217 88.500 9.814 
; 0001208 5780.5 

235075 97<000 10,23 © 
0001169 594.2 

108:COO 10:64 

‘RUN NOSER.ELS5 - 
ot to SO Ot OB oy ADEN OA MwD e eae OO OO 

STIRRER SPEED ¢ 2000 Re PoMe 
ere er yy 

GROWTH RATE MEAN 

Kuo 

5 «81620-6 

256 081@-06 

25124.0@-06 

3s 660-6 

252133@-06 

250872006 

2:523730-06 

1469110@-06 

1s8497@-06 

158015@-06 

165878@-06 

1595 34@-06 

169311@-06 

157O}0@=06 

1s6982@-06 

153899@~6 

1,27908=06 

151894@-6 

162024@-06 

963274@-07 

7833 710-07 

GROWTH 

Shei 
«250 8,6360-6 

«2794 — 387930-G 
62724 — 36003@-05 

62654 451990-5 

65H 2595 20-G 

42515 24 7020-G 

s245 — 258080-65 

62375 26324@-05 

223G = 217 7O-H 

62236 = 25H 1@- 

62166 = 1674 7@-G 

62096 2s 074@-05, 

32026 1597 70-G 

6195 1s6800-05 

«188 — 16108-0} 

61815 14265@-G 

«1745 16116@-05 

61675 — 9's936@-0 

3160) 94604@-06 

61534 76103 @-06 

«1464 55316@-06



CONCNs 

MN TIME 
MINS.» 

0 Om 6D OE OED HA GED ED HOD Ome fy AAD A AED OO KDE SU GOD OD Gs Me SG ET OHO CON HS AE MO OE aoRD HN AOD eis OR OR OOD eh OE HY Se MP EEO xD SIMD Tey NOR TO AS OE WD Shorey Pe OD 2S Rg ON GD AOR CMY OD gy ED SA 

226934 108,00 

225793 

22.652 

116.500 

127600 

223510 138500 

148,00 

180; 00 

226369 

225086 

21802 

214661 

2146519 

216235 

216093 

20.950 

21500 

235500 

25) «00 

325.00 

355500 

410500 

. 205865. 475600. 
© Go OD 650 4x8 BV SY OF HA gay CHDERS ETD TED EN BO SH 6D GD ery SD GA aD GO MON OT ond MED EAD aD HD OH ECD eND HenD DOR SD 

TABLE 365 (CONTD«) 

MASS 
(GRAMS) 

10.64 

116 

11:46 

11.87 

1227 

13.609 

13490 

14.30 

14670 

15650 

1590 

16 «30 

16353 

- 266 ~ 

TOTAL CRYSTAL DIAMETER MEAN 
INCREASE AREA 

(cM) 

0001 134 

«0001101 

0001071 

20001 O12 

«0002005 

#0001908 

0000920 

«0000899 

30001740 

0000842 

000082) 

§ 0000485 

cM> 

6125 «2 

629367 

64597 

6623.5 

6864.53 

117983 

T1160 

6256 

T1650 

8068 

8151.4 

82660 

EQUILIBRIUM CONCENTRATION = 205067 

RUN NOs ¢ R.E.5 (CONTD+) 

GROWTH RATE MEAN 

KCN CH) 

1.03 080~06 

76885807 
7+9164@-07 

900408-07 

539 10-07 

640207@~07 

5 524@-07 
66 16620~07 

359949@-07 

5s4034e-07 

3 63295@-07 

1,8915@-07 

INITIAL SEED AREA = 1591 

GROWTH 

SATNs M/MIN 

31394 —75089@~06 

#1323 55 0060-06 

61253 4.866@~06 

#1182 5 s209@-06 

61077 35133@-06 

60935 24 7250-4 

30829  242990=06 

609 26248006 

5653 ©: 14243@- 

cH = 1.5403@- 

sO176 74490007 

36 7330-07 

oan me



« 267 = 

TABLE : 66 RUN NOs R.EB.6 
og U9 mG LY SE Bed oad OO ES ww 0 OM tg met Oot Dd AY PD cen MTD May RP, SAD DO 

TEMP :50.0°C CELL: C  STIRRER SPEED :2000 RsPsMs 
Cae MO OR VED Bt rey de 28 6 2D FE OM me OR OD EM OA eng CO EROS 

SEED: BATCH E PREPARED SIEVE FRACTION’ 89-105». 
nt Need A en Uo 0 oom ee Cor Oo Ctgay 8 BE SoG BL AAD PA OD ED ag OE 
    

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
mV TIME MASS iNCREASE AREA CONSTANT, © SUPER= RATE 

MINS (GRAMS) — (CM) cM™ K(MIN’CM’) = SATNs == CM/MINs 

2385 ~00000 14990 

23436 142500 35253 

235296 2.5500 3.672 

235157 3<1700 4,089 

232017 40000 4.56 

0010748 2008,0 1599 00-0) 5478 46299@-04 

0002780 254755 5421690-% 52% 14069204 

;0002529 279463 1.0151@-0 5204  2,039@-04 

0002325 303243 7«1155@- 5112 1.401@~0h 

50002157 326265 151183@-0 5021 24157@-04 

50002014 348557 16C665@-0G 4929 2<014@-01 

0001892 3702.7 76371@-06 «4838 —1.4120-0' 

22877 4.5000 4,922 

225737 «0000 55336 

223597 546700 58f1 

22457 643300 64164 

226317 7*0000 6.576 

225177 77500 6.988 

50001787 39139 7s4787@-0 «4746 1435300 

40001694 441959 «1390-06 654 — 15264@-04 

<0001611 432152 6.205 08-06 «4562 1<074@-04 

50001538 5180 6.78200-06 +471 1.148@-04 

s0001k72 4710.8 5693460-06 «379 9s8140-0 

;0002774 4991s8 5.4932@- s42ki 8,7780-G 

5000257 535665 543550206 «457 8.1460- 

50002405 5708.8 43341005 3873 6 2640-05 

50002260 60052 4<1248@-6 +3689 5465 10-G 

¢0003162 6462;0 3464559@-06 «3459 4.4160-G 

0000997 67046 252554@-6 «327 26710@- 

22036 84200 76398 

21.896 941700 7808 

216615 105750 85626 

215335 126330 941 

21663 6250 10625 

20772 166250 11406 

205350 195,830 12627 

205209 215670 12.67



~ 268 - 

TABLE : 66 (CONTD) RUN NOs $ R.B.6 (CONTD«) 
Chewy Oa wR Me tog try ELC OP een OO ney PRE OG, ODS GY IN OD 
  

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 

aM/V TIME MASS INCREASE AREA CONSTANT, = SUPER= RATE 

MINS« (GRAMS) (cM) cM? K(MIN’CM2). ss SATNs—sCM/MINs 
eee 28 WT ee ome 20 how to HOF OE OD Ud EO OO NY ES as BE Ae OR ag OS SY Ming TRE ont Sow 2S Ant Gan OO NS BE ne OO OED Red AON ANG EER Bg DO OO OE ere 25 ©2 ee O08 O88 OS 8 OO Ow OL DD AA OD Mt OO AEM Ma WP REND SS 

206209 215670 12467 
50001165 6957s0 3<020'@-0 43173 365 090-H 

,000058 7112:0 1563082-06 «3081 240518-5 3 

,0000928 7296 2512340-06 32998 25319@-0 

50000907 7#00s8 2.1469@-05 42906 2,2670-G 

50000887 7550.4 2;01319-0 «2813 2663@-0 

50000868 769853 14 76%5@-6 «2721 16737e-D 

000080 75 164141@-06 +2629 153410- 

50000833 7989.2 161915@-06 +2536 1 0880-0) 

0000817 813265 162121@-06 2) 1, 640-05 

0000801 8274«2 142419@-0 «2351 14046 0-G 

000078 84146 1,00840-06 229  851410-6 

<0000772 8553s6 1s496%@-06 +2166 161560- 

0000758 8691.2 141872@- 42073 835 7e-6 

000075 882736 140251@-6 41981 45207@-06 

0000732 896257 1.:0956@~C6 51888 -7«325@-G 

;0001329 9162:7 7.81080-07 <17#9 4.816@-06 

0001383 9425.7 9«008@-07 «1564 4.,9380-06 

~0000674 96204 677820-07 «1424 353 720-6 

= 0000664 97184 5.«9655@-07 «1331 2676 10-6 

0000654 987533 54284@-07 «1239 263360-06 

0000644 10001 2¢7G4@-06 «1146 15 07HO-05 

20,040 235330 13.15 

195927 256170 13046 

19<786 275170 13+ 

19.65 296170 14526 

193504 316330 14.65 

196363 33.830 1566 

19<222 37.000 15344 

195081 40,830 15.84 

18.939 45670 16523 

183798 48.500 16.62 

185657 536330 1701 

183515 563670 1740 

18.374 61.000 17679 

185232 66.170 18,18 

185090 715170 18.57 

17s807 6,000 19434 

17524 100500 20.11 

176382 110500 20549 

17«240 122,00 20,88 

17s098 136.00 21426 

16496 13900 2164



1269. « 

TABLE 266 (CONTD.) RUN NOs R.B.6 (CONTD«) 
200 AD ene ORO OO Oe SD IE gy ON OO MG OE HE my ER ED RET oo OE ee AS ES RR OO OO as ON ND ad Se BG UO NO AE Re En OHO Ce 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN ~~ GROWTH 

iM/V TIME MASS INCREASE AREA CONSTANT. SUPER= RATE 

MINS (GRAMS) (cM) CM K(MIN“CM*)  SATNs — CM/MINe 
er rm are FR em HS ty EOS RD EP amy HOF OD Wary ED OP way ek HP Many AY rey RU CHE Me MIE ID TER ABI HEPC KEY Bee AO 8 ew LAE eee O08 OTD OEE eg A ON 

  

166956 139500 21564 
0000635 10126 357948@-07 4163 163800-C6 

165814 162;00 22,502 . 
0000626 10250 %.5060@-07 «060 1.4900-6 

163672 183.00 22.40 
5000617 10373 %50%2@-07 <087 1.3410-6 

165530 206,00 22,78 
5000608 1039} 457825@-07 <O77#  142670+06 

166387 230500 23615 
0006599 10615 3522710-07 «0681 7.4492@-07 

40000591 10735 %.2289e-07 387 8.443@-07 

0000583 108%  2,9032@-07 <0%9%  4,855@-07 

166245 270.00 23353 

166103 30400 23.91 

15961 365500 24,28 
Oh rae Bed HO ge Cro peg FNS PU OS BA ages mo MD OME BHD OD OR egey HY HD GT) CIS TAH GAD MAN OM OEM aay OOhrs teed cae OD TY VON ENDED nd wine S880 CRD TRON aoe 20 Deh LOGO Geet CLAD ON FCA Ped SP AOD IY he Cy HS ED UD Ey EMT euy AOD DOD Bad BAM aaey LD 

EQUILIBRIUM CONCENTRATION = 15«277 INITIAL SEED AREA = 1594



- 270 - 

TABLE: 67 
OA oo g 18 8 OH ON ag OR LO mp OM 

TEMP :70-0°C 
0 oa ren me 

RUN NOs: 
G62 FOR OA) CO OE eg TER ah OY SMD OE IAL Og OM com OS 

STIRRER SPEED $2000 RePsMs 
(0 008 8 ony om Phew Ce oe oe SU RT ET 28 em UE DO 

SEED: BATCH E PREPARED SIEVE FRACTION: 89-105: 
8 8 OO Grey ES OE rg OD OE EA OE ON HD OK) OS SOO GON TU ey BHD OE Me OED AD ew GRD AD DN OS sn SS OS OD AD OS OS ORD MD Od On DS OD OE ONY Od DOD Om Sahong OM 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN — GROWTH 
MV TIME MASS INCREASE AREA — CONSTANT SUPER= RATE 

MINSs (GRAMS) — (cM) CM=  K(MINCM?) SATNs CM/MINs 

30,011 500000 14937 
000400 170351 %sA5GHe-6 51392 4,4000-G 

295902 550000 25379 
; 50003741 1997<9 345869@-0 +1339  3.401@-05 

295763 10.500 2,820 
60003273 227850 2540300-0 +1286 251820-G 

29624 18,000 34261 
0002923 2545.3 1653000@- +1234 14328@-6 

29:48 29,000 3,700 ~ : 
0002649 280168 154530@-06 <1181 1.201@-0 

295346 40,000 45139 
: 0002430 301857 16536@-6 +1128 15215@-0 

293207 50,000 4.576 
: «0004351 340163 1.5639@- = 1018-15145 @-5 

283929 69;000 5.450 © 
3 : 50001967 374353 153281@-0 0969  859408-06 

285789 80,000 5.8% | 
. 50003616 4C6750 1654460-06 40890 94515@-06 

-— 28.510 995000 6554 © 
50001670 438238 143595@-05 30810 745900-% 

206371 110500. 1°” 
0001593 458539 163912@-0 <O77 7«239@~-6 

28;231. 121,00 7618. © : 
60001523 478458 95848@-07 <070' 4,7600-06 

285091 137500 8.018 © ) 
20001461 497936 151725@-06 ~%651 5«217@-06 

276951 151600 85478 
: <000140} 517057 140766@~06 +0597 4.4387@-06 

27«811 167600 8.907 
50001352 5358.4 931302@-07 «G44  3.380e-06 

273672 187500 95336 
0001305 554257 1.03780-06 0491 3,.624@-06 

276531 20400 95763 
0001262 572450 952540@-07 <0438 2. 7420-06 

276391 228500 10519 
~0001221 5902.4 954091@-07 +0384 25441@-06 

276251 253.00 10,61



=~ 271. = 

TABLE 267 (CONTD:) RUN NOs? R.E.7 (CONTD~) 
le 6 gay 0 OG AO st WE UE NE Lone OR ET A Gog OL OO Ed ag OME ETO Ey TOS nd MEST TE AO Bh Se ay Bie SL) Ok Ot ed or we Ne oy EoD 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
aN TIME MASS INCREASE AREA CONSTANT, SUPER= RATE 

MINSs (GRAMS) (CM) CM=  K(MINTCM?) = SATNs ~—CM/MINs 

276251 253500 10,61 

27619) 270500 10,78 

276153 2000 10,91 

266970 335<00 11446 

40000477 602548 5.9986@-07 <0347 14403006 

40000354 6086.69 543348007 4129 141800~06 

30001499 622458 7583%6@-07 50286 14499006 

0000449 63706 3<4863@-07 .0240 5.617@-07 

50000665 645551 6.6446@-07 0214 95495@-07 

90000654 655548 3.3701@-07 40182 4,08)@~07 

60000430 663941 384653@-07 50155 3581-07 

265914 37)«00 11563 

263830 410500 11.89 

2676 490500 12614 

26,689 550500 12631 
29 Om clay DD Be eH On ND A HOD GD OOD KD COD Ged SHO Ca ED ae OFT OR HD AN OO SP RD Sead PD OR Mga OF OD OS Hing Mam OD SUN MEGE HADEN Hh DAD OT DD LOY SD GID SR ead AG AN Sem SD OH) OD GND US GA OT GIDE oes ny OD OD AD TD aRS 

EQUILIBRIUM CONCENTRATION = 264310 INITIAL SEED AREA = 1552



#272 « 

TABLE: 68 RUN NOs? ReP.G.4 

TEMP70-0°C  CELL:C — STIRRER SPEED 2000 RsPsMs 
rome ou mag tod we oe 79 DUA 8 OR Ore MN ETE Ed  ooy y O 8e ON 

SEED? BATCH P.G. PREPARED S|EVE FRACTIONS 69-105 

CONCN. TOTAL CRYSTAL. DIAMETER MEAN GROWTH RATE MEAN. GROWTH 
mM/V TIME = MASS_—'NCREASE AREA = CONSTANT, «= SUPER= RATE 

MINS « (GRAMS) (CM) CM K(MIN'CM?) SATNe M/MIN 
OO 028 FAA Pd ee GHD OOO 008 OS Perey cy SM eng HD BN ee OT Ve oe we eee Roney AO ty eS OD Seg OD Ta OR Geeey OO HS MP LOD DAG DEE eg S8e AE Tey Secs OV yey HD 

  

  

3 i | 90003831 125767 667017@-6 +2134 9.5 780-05 
30,012 20000 2,284 , 

30005238 1532;0 3<1267@-06 «208 4,365@-05 
29383 8.0000 2,76 ~ : 

: «0004260 187267 5.64220-07 «2026 7.6070-6 
295715 365000 35227 © si 3 a, : 

: : : 0003 2203 1615290- ol 165 02Q~ 
29566 485000 3.696 2 oe 9 

#0005930 267169 6564180-07 +1876  85237@-6 
296270 845000 4.629 ~ 

| } 0006940 339857 6:00880-07 +1726 6,801@~c6 
285825 135.00 6,019 

Stes 6D OD Hee ad Ot em “ cot PON Ak, HD TR oom MET ey OE BE ESD Ee TD MD CD OD MD Sone IRE Rady OD OA DET one BuG OO GOED 

EQUILIBRIUM CONCENTRATION = aks eff] INITIAL SEED AREA = 1156 

 



~ 273-= 

ge RUN NOs: R.P.G.5 

TEMP s 70. oc CELL: C STIRRER SPEED 32000 RsPsMe 
0 Ae ©9208 HE ea wen vac oe reg Ot rng OR OM OR TY HD OE Coy TY onwe 

SEED: BATCH P.G. PREPARED SIEVE FRACTION: 89-105p 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
dM/V TIME MASS INCREASE AREA = CONSTANT SUPER= RATE 

MINS. (GRAMS) — (CM) cM+ K(MIN'CM*)  SATNs = CM/MINs 
2 GP a OO OM OH ES Os OOD OE ag MD UE OES CKD HON OTD ENDS OA OSE L D OU ON TREN NOME KET ON AH ee Ren Om enn me Ae Oe ome owe AA ee ee Soe OF 

  

  

<0003825 125766 2.781@-6 «2074!  35825@- 

0009492 1699;7 8.8353@-07 +199 1,187@-05 

¢0003600 220159 5.710%@-07 «19% 74199@-6 
293418 705000 3.693 

50036669 5041.8 3.8874@-07 «1200 2,821@-6 

EQUILIBRIUM CONCENTRATION = 2s 771 INITIAL SEED AREA = 1156 

TABLE: 70 RUN NOs: R.P.G.6 
eed 0 0 OF4 200 tae Oo ONO RD MD eh OD ee eee er ed 

EMP:70.0°C CELL: S STIRRER SPEED :2000 Rs PsM« 
Cod nh aan 20 was a0 mn ep ee Hy Sa OM Set Ogg A ag OOD CARY Say SND 

SEED: BATCH P.G.PREPARED SIEVE FRACTION? 89-105 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 

iM/V TIME ~— MASS INCREASE AREA CONSTANT, SUPER= RATE 
MINS; (GRAMS) (cM) cCM>  K(MIN'CM)  SATNs cM/MIN« 

eno 208 come HOR A CD GL HD Shey AH UR etd HOG Ho OHO OO om 8 Ow 9 rd on ane ON A Got py HR PG SUE RO EG HY SN Cy FN bey 7D HD OO SD ne Hd eg BOD HY HAD TD OO 

305338 .~00000 2,000 
    

50003840 1258:0 6,.4137@-07 «2230 9.600@-06 
305249 20,000 2528 

<0031495 297289 1.8189@-07 «1888 2.461@-0 
28.647 660500 7«390 
  OP ech OY G9 EOD A ND EE RD OD Oo ED HD Gah Gy AAD HD TYNE PCD GRD EAD SUD LE HE WD axe ace nt AS Aw oy Oa Ot 

EQUILIBRIUM CONCENTRATION = 24.771 INITIAL SEED AREA = 1156



te. STi a 

Tbe TY RUN NOs: R.P.D.1 

TEMP?70.0°C CELL: C — STIRRER SPEED :2000 R«PsMs 

SEED? BATCH P.G. PREPARED S[EVE FRACTION: 89-105, 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GRGVTH RATE MEAN GROWTH 
iM/V TIME = MASS. TIICREASE AREA = COMSTANT, © SUPER= RATE 

MINSs (GRAMS) — (cM) cM™ —K(MINCM9) ~SATNs «= CM/MING 

306041 400000 2,000 
PU cg mee 9 ne       

0021878 2012.6 7s8677@-G «1972 1.0948-0R 

000000 3158:7 154399@- 3176 1.46672@-0} 

6001126 422351 656257@-6 <1517 645910- 

296270 140000 4.459 

28.973 265000 54390 

28.083 115000 8,168 
600652 54554 5.1600@- +1218 4.0370-05 

276491 18;000 95987 ~ : ‘ 

50002434 612768 243508806 418 —145530-G 

70002310 655055 22089@-06 +0919 1,4283@-6 

5003196 7O7«8 169492@-0 40770 943998-06 

6003848 773760 1629998-0 ~661 47e-0 

60003116 8439s¢ 457865@-07 50334 9a444e@-07 

27195 26.000 10,89 

26899 356000 11.478 

265455 525000 13411 

25664 955000 14.87 

25332 260,00 16643 
AA OR OY NE GRE HO SAD ND GED OY OOP GID EO a ny HUD EM Cy SOD Tne MID Tye Had mb eo SDs OF OD END AD BID CHD HD BoM ery OD ME oh HH HCG   POG OD ON A OO Oy MON HD En BD HO POI Moy 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 1156
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TABEE:s 72 RUN NOs R.E.S 
FF 6 oe OO ne Sad ory OR ED SEE Bm CS ges ME 08 AO Eee Mees OS Ree F8 BH OO 

TEMPs70.0C CELL: @  STIRRER SPEFD 22000 RePsMs 
em ne ee oe ree os 0 208 NS ek ees ESTO EE OED ODED OD 

SEED: PATCH E PREPARED SIEVE FRA CTHONE 89-105 

CCNCNs TOTAL CRYSTAL DA! KE TER MEAN GRcHiT RATE MEAN GROWTH 
$t/N TIME ae INCREASE tah CONSTANT, SUPER* RATE 

MINS» (GRAMS) (cM) CM* so K(MIN CM?) SATN. =~ CM/MINe 

"29,819 00900 "2,090 Oe es a 

29.708 365000 22353 

295569 10,000 25794 

  

#0003171 172369 5633220-06 951313495 80-G 

40003751 199036 362267206 +1265 268%@-0 

0003274 227357 1691739~06 41212) = 163 78-G 
29430 20,000 3.234 : 

40002019 25450 1599192-G +1160 1.46220-65 
295291 295000 3.672 : 
  

  

EQUILIBRIUM CONCENTRATION = 26.310 INITIAL SEED AREA = 1602 

TABLE s 73 RUN NOs: R.F.3 

TEMP370-0¢ CELL: C STIRRER SPEED $ 2000 FrsPsMe 

SEED: BATCH F PREPARED SIEVE FRACTIONS 89~105m 
eae 22 82 cad BD DGD OD A OA MED GD AN BD TS OY HD EEO AD ND gay BY CPV Read CO OA TOI OES bey LADD OO Cad GOH HER See aN ACAD Gap GAD LOM AOD OOD 

CONCN. TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
jv TIME MASS INCREASE AREA CONSTANT. SUPER= RATE 

MINS« (GRAMS) (cM) cM* K(MIN'CM*) SATNe — CM/MIN 
OR OD 29 OR OR Sd C2 OED OY OD OD Gy BE ED 8 TI a TAO oes ae oh ee me 

05235 00000 2,000 
oe 1026 = 165 250-06 

40000707 11871 75524@-08 «G28 2,56100-07 

  

40020588 6990.3 2,0761@-07 ‘ 
o 

275784 675500 94618 

276615 810,00 10511 
C2 0 ang GP OOD EAD OED oxy OD O00 Guy OD GED EEE HD HED OME Se KOR Bony AD aww ae we Ons OY 8 AO OY OLD BD OAD OAD ey IT ry TD OWS ap ome HP 

EQUILIBRIUM CONCENTRATION = 264310 INITIAL SEED AREA = 2347-2 
 



= 26 < 

TABLE? 7h RUN NOst R.F.4 

TEMP270Q:00. = CELLS ¢ STIRRER SPEED 2000 RsPsMs 
(om os BCD PUD meres ns Pore ee ee Oe ae YD ON On Oe OOM OS 

SEED: BATCH F PREPARED SIEVE FRACTIONS 89-1L05p. 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROTH RATE MEAN GROWTH 
MV TIME MASS. 'NGREASE AREA CONSTANT | SUPER= RATE 

MINSs (GRAMS) = (cM) cM = K(MIN“CM") = SATNe = CM/MINe 
0 68d OOF ee Eg HO MO ng BO 8 14 188 Ee OH 008 ome Ont em FR ore 09 eg OF EO De ee FON TE ENS OO aay EL OD A HAD OE ang OS 8 TA OD ay EN aD GO MD 

295902 400000 13955 
  

<000120) 247962 163963@-07 «1355  14339@-06 
29847 45.000 2,161 

: 40002501 298834 348296@-07 +1318 3.573@-06 
29708 6050CO 2,601 : 

; 0000645 34505 8:9412@-08 .1284 8,620~07 
29.666 120500 2:33 — : 

293527 175«00 3.4170 

296291 210500 34911 

70001908 3883.1 1.9800@-07 +1249 15 735@-06 

50002656 473367 4s6067@-07 61178 34 7940-06 

30001325 554155 30815@-07 «1107 243660-06 
295152 238500 4.345 

; 

295012 275<00 4<777 

283873 315<00 5.5208 

#0001199 6103.5 262248@-07 «164 1.620006 

50001098 6643.3 139919@-07 1001 143720-06 

50001014 716366 1473482-07 <0948 1126-06 

«0000944 766653 137180@-07 40895 1s049@-06 

~0000884 8153<7 149329@-07 «0842 1410-06 

0001619 883<7 1s4328@-07 0762 7435 70-07 

50003955 1051 8.2778@-08 «G49 2,887@-07 

0000153 11940 37320808 40369 85 7198-08 

283734 360500 5%637 

28594 405500 65064 

28.454 45500 65490 

28517 55500 74337 

276335 124050 95797 

27223 1500.0 10512 
  PS ea GM OOD SD ED cae ES Chet Ty Es OO GT OE Way OO BD Set one are 

EQUILIBRIUM CONCENTRATION = 264310 INITIAL SEED AREA = 2329



CONCNs 

mV 

Be 9 Oo OO ww 6 OM ee 

295763 

295708 

293569 
29291 

285873 

TABLE : 

TEMP :70.0°C 

iP) 

CELIs.C 

- 277 - 

MEAN OTH RATE MEAN 
AREA ee CTANT, SUPER= 
cM> —-K(MINCM?) ss SATN« 

GROWTH 
RATE 
CM/MINs 

  
  

TOTAL CRYSTAL SIANETER 
TIME MASS INCREASE 
MINSs (GRAMS) = (cM) 

#00000 2,000 
#0001 796 

250000 26177 
0003989 

9<0000 2.617 
00065 03 

215000 3.497 
7 0007568 

54,000 4811 

166337 4<8740@-06 51302 

187362 351840@-0 51265 

229636 352366@-06 411% 

29158 1655320-6 +1054 

454900=65 

2..8490=05 

257098=G 

14147@-05 

mo 

  
  

EQUILIBRIUM CONCENTRATION = 265310 

BO TD and (OE Gad TA OY Ope OD on © aoe 

INITIAL SEED AREA = 1602



~ 278 - 

er ON ROD oe TITER hs Neal Ben UTE 

TEMP:70.0°C CELL: © ~~ STIRRER SPEED :2000 RsPsMs 
‘0 we ee oe enews one Way «Ff Fas Gog HS Mpg HT HR ESeND 

SEED: BATCH P.G.PREPARED SIEVE FRACTION: 89-105 
DED RD HO HU cen Fy MES ED LS Sat O08 8 SAL AG TO TA gg SP HRD a ey ALD nd CD GND Tuma TH ee Ont OE OM se TIED OH Cad Ah MOE SD M2 eg OD ORD EY ED HD 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
iM/V TIME MASS INCREASE AREA CONSTANT SUPER=_- RATE 

MINS« (GRAMS) (cM) CM™  K(MIN"CM?) SATNs CM/MING 

"30-041 500000 14990 - ees, 
«0007146 135546 16260 0-G «2092 14787@-04 

0001618 173165 4,8819@-06 2026 64598@-05 

5000383 206657 2645820- 41966 362110-G 

#0003319 239051 167537@-G «190% = 25213@~05 

#0002926 270069 1,409220-06 1816  143300- 

60002625 300051 152419@-6 «178% 1.459@-05 

0002387 328837 142410@-05 51726 1<4010-05 

90002193 356767 945915@-07 41666 §=1,0H10-G5 

0002031 383850 6 525400-07 «1607 = 6.655 2@-06 

«9001895 410053 649913@-07 1547 760180-06 

005650 459854 6369-07 «1427 5.8720-06 

60002947 5198.8 7520902-07 <1278 5.8&4@-0 

50001373 554263 %5420@-07 «1188 3.4320-06 

#0001316 576451 74d634@-07 41128 5«4820-06 

  

29863 250000 2.558 

296715 585000 35029 

296566 11.500 3.499 

295418 154000 35967 

295270 305000 45434 

295121 395000 4,899 

28.973 47500 54363 

285825 58000 5,825 

28.676 736500 6.286 

283528 875000 6.745 

235083 130500 84115 

273787 155.00 9.021 

27.639 175500 9.470 

27491 187,00 9:918 
8 ON Clo ao AS ry ED Bet oe 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 1150 
racy



TABLE 3 77 
28 60 28 OO CR Ong FO AAD GE HD 

TEMP: 70.0% 
ewe oon £9 

SEED: BATCH P.G.PREPARED SIEVE FRACTION? 89-l05p 
@0 OWN Bon US 29 O Bad OO ERoy SID 

CELL: € 
mo om ct Omens 

- 279 « 

RUN NOs s R.G.3 

zi 00 see OE HTK 9 Oe MY OE THD OER Ge OND Od HO RSD 

OO ow OG tes OP OD ES OD 

GROWTH 

    

CONCNs TOTAL CRYSTAL DiAMETER MEAN GROWTH RATE MEAN 
iM/V "TIME MASS INCREASE AREA CONSTANT, §SUPER= RATE 

MINS« (GRAMS) — (CM) cM> —K(MIN CM") = SATNe = CM/MINs 

293819 00000. 1.9 a oe 
: ~0004715 1268.41 281900-07 «1313 24620806 

295708 90;000 23327 ~ 
60001787 1554.6 458827@-07 «1265 44352@-06 

29.569 145.00 2.765 © : 
«0010328 21668 6,0221@-07 «1160 4.918@-0 

295152 250,00 45073 
0002652 275950 36421@-07 «104 256520-6 

295012 300,00 4.506 — 
0002403 303358 4,53618@-07 <1001 3,003@-6 

28873 340500 4.936 
40002201 3299.5 4.2371@-07 <0948 2.751@-06 

285734 380500 5.5365 
30002033 3556.8 3,0297@-07 +0895 1.8482-06 

28.59% 435500 55792 
0012324 457257 1.68276@-07 «656  74655@-07 

274 124050 94097 : 
40001221 556155 8.897@-08 <O#16  2.5349@-07 

276335 150050 94499 
«6000699 571838 3.8382@-08 <037+  8:956@-08 

275251 189050 9«735 ; 
es 18 aD aD SVED CMaw SD tow Stays 09 He Can HOA OD WHA OM ny HORS 

EQUILIBRIUM CONCENTRATION = 264310. 
  wee Pe 

INITIAL SEED AREA = 1141



TEMP $70.0 | 

- 280 - 

TABLE : 78 

CELI <C 
OF eno ome mee 

SEED: BATCH E PREPARED 

RUN NOs 3 
PL ED LEY So OO OR Oy OB ODE ue BaD OAD ng OE 

STIRRER SPEED $2000 RsPsMs 
A O08 1°) G08 org AO AD OA fy BI con GAY eo 

SIEVE FRACTION: 89-LO5p- 

  

CONCNs TOTAL CRYSTAL DIAMETER MEAN 
@M/N TIME MASS INCREASE AREA 

MINS. (GRAMS) (cM) oY 

296791 :00000 14970 
ue } 30002680 166957 

29«708 605000 2,234 : 
#0003898 1906.9 

29569 135600 2.673 
60006374 232351 

296291 225500 33545 
0002699 272052 

295152 265400 3.979 
«0004739 3006.4 

285873 345,00 4,843 
9002111 343959 

285734 390,00 5<272 , 
60013030 435357 

270615 111050 8.603 
0001299 524256 

27H 147050 95065 

. GROWTH 

  

GROWTH RATE MEAN 
CONSTANT SUPER= RATE - 
K(MIN'CM?) = SATNs = CM/MINe. 

2s4184@-07 41307 252330- 

259193@-07 «1265 2.598@~-6 

4s2664@-07 +118 34541@-6 

453943@-07 61107 33 74@-6 

4,178%@-07 «1027 249620~6 

3<6126@~07 40948 25345@-06 

1597310-07 +0709 + 9048-07 
6501302-08 <O%70 1586 @-07 

      

EQUILIBRIUM CONCENTRATION = 26,5310 

28 Ot me Bong 

INITIAL SEED AREA = 1578



- 281 - 

ne 18 an an Cena meses RR ces aD NE SE SNE QE OE HD SE ED OD OA eT OD 

TEMP:70,0% CELL: ©  STIRRER SPEED: 2000R<PsMé 
e0em aren 2S Fes woes OW “Cet oe ey OO cus og 9 BOY Ge ON A OO NS 

SEED: BATCH P.G.PREPARED SIEVE FRACTION: 89-105m 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
MN «TIME = MASS_—sINCREASE AREA = CONSTANT_ —« SUPER= RATE 

MINSs (GRAMS) — (CM) CM* —K(MINCM*) —SATNs = CM/MIN 
305012 00000 1,980 
  

0038201 3055«3 1s5015@-0 31727 149108-03 

0001516 5083.6 1,8001@-0) 41307 14516@~04 

s000MHI5 531567 90187-65128 [2260-05 

285083 1.0000 8121 

275935 165000 8.576 

275787 25000 9,030 

276491 540000 93935 

275195 85000 10,8% 

0002710 5653s7 7631240- 41158 5.<4208-05 

60002501 609166 5s4G1@-06 41038 3.572805 

750002325 6513s9 363319@-6 40919 1593 72-5 

50003216 7020.6 2:66498- 40770 15286@-05 

000198} 751158 1483590 50620 75091006 

«0001878 78902 146856@-0 01 5217-0. 

263699 14.500 11.73 

26455 276000 13506 

265159 414000 13.95 

25s854 59,000 14,82 
00 OA 9.0 UE OA MY NO OM OR ED OO RESEND HL ory 109. Ce wy MRED EAD OD a gee OES RED OER MOO CN OO FO ey PLD MA HD ne 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 1124 
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TABLE 80 ’ RUN NOs? R.P.G.T.1 

TEMP: 70.0% CELL: € — STIRRER SPEED: 2000RsPsM, 
SEED: BATCH P.G.PREPARED SJEVE FRACTION: 89-105p. 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH'RATE MEAN GROWTH iM/V TIME =MASS_—siNCREASE AREA = CONSTANT.—ss SUPER= RATE 
MINSs (GRAMS) — (CM) CM*  —K(MIN“CM") SATNs = CM/MIN« 

305012 ~00000 1,980 | 
0005123 131542 1.0926@-0 «20% 1.531@-04 

295863 250000 2,453 : 
0004828 165732 2.97550-06 «2026 450030-65 

0003994 199%s2 1427380-0 +1966  1.664@-05 

«0003418 231956 651600207 +1906 7: 7680-06 

#0008128 292259 643783@-07 «17%  7s5260-06 

298715 850000 2,924 

293566 205000 34394 

29418 4asoco 3.862 

285973 96000 55259 
28.676 130500 65181 

28380 180,00 740% 

000294 363850 5.9175@-07 «1637 64314@~06 

0003720 416458 3.7913@-07 31517 347200-06 

60003295 466257 333415@-07 61397 24996@-06 
28,083 235;00 8,003 

50018409 65344 1.67480-07 0818 74639@-07 
23657 T4050 15503 

Sie Os alla Oe Ae 6a oy OP ST HY OO OS OD MOLD HE Rey Ma HD Sat SYD Ahan PHO CUNY OE HD ad SHEE EM OR OD AAEREN HP Sy OO OEY Sey ROOD 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 114% 
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TABLE? 2). RUN NOs R.P.E.2 
Peng Cet A HD OR OD BD EE BHO OOD “gm om s0 ee wr ay <aoenee cage hen eneée 

TEMP:70.0C CELL: ¢ STIRRER SPEED : 2000 RsPaMs 
2D Oh ene re Oe am Orn oe Oy CTS Hey HOOP Bees HED oe OO Be OR 

SEED? BATCH P.G.PREPARED SIEVE FRACTION: 89-105 
    Phang OF OR Ome a ew om om 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
WMV TIME = MASS_——sINCREASE AREA = CONSTANT, = SUPER= RATE 

MINSs (GRAMS) (CM) = CM* ~—K(MINCM")— SATNs = CM/MIN« 

BEET TOROS Heo ya ager | Re oes Se 
296279 «633000 34593 

283973 «83000 4.528 

28,676 148300 5 «456 

285380 3.5800 64380 

30016326 172364 1.86920-08 41918 2s474e-8 

0006087 260459 5423800-06 «1756 65087@-0} 

0004919 319969 2s2874@-G) 41637 264608-04 

0001165 3755.6 162013@-05 s1517 16190804 

60003633 4278.8 6.8&%@-06 51397 6 52210-G 

0003236 377469 6s54098-06 51278 5.39306 
30002927 524850 4.9235@-0 41158  3.658@-0 

90002678 570162 3.6751@-05 +1038 2,.435@-5 

20002473 613760 360313@-6 +0919 1.47668-G 

0002300 6557s4 262830@-0 50799 1415080 

60002153 696358 1.94480-06 0680 8,2800-6 

0002024 735756 143834@-0 +061 458208-06 

30000968 7646.1 1450800-06 ~O171 4,401@~06 

28.083 645000 7298 

27787 9.5000 8.210 

27491 13.500 95118 

275195 195900 1002 

26899 26,000 10,92 

265603 365000 11581 

265307 495000 12.69 

265012 70.000 13557 

25864 815000 14501 
Boa caly Wee OF 96s TH Ted OE TS OTF meg can BE Ms Oy EA Det om gray FM RET OY UNE HDD MON Arg ODT CL A Ong CRONE Penn ee web 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 1150 
 



aN 
276343 

271 

273047 

265899 

26651 

26.603 

263455 

26307 

265159 

265012 

25 «864 

a7 16 

256568 
or ore bo 2 

TEMP s 

TABLE: 82 
FO REE Pong He La BO By UE Ny OD 

70.0°C Cit: ¢ 

= 294 .- 

STIRRER SPEED? 2000 RsPsMs 
OR ost 22 BR Ot 

RUN NO« 3 RP... 

SEED: BATCH P.G.PREPARED S{EVE FRACTION: 89-105 
00 00 wre 200 Cre gue tas MR Ee bes POC EMS cme OD AO AD WG TD.Sud end ts OD ead OD BAT OY ENP Tyg OI Hee HO HS LS TD OE ng Ow oh? HO OV SS UD AD 

TOTAL CRYSTAL DIAMETER MEAN 
INCREASE AREA TIME 

MINSs 

00000 

250000 

70000 

195 00 

43,000 

83,000 

125500 

16500 

2255 00 

2500 

370590 

430,00 

560500 

MASS 
(GRAMS) 

70005971 

60001733 

«0003927 

60003368 

1.983 
26 43 

25902 

34359 

36815 

45268 

45720 

5«169 

53616 

6561 

6.58 

65942 

75378 

(cm) 

50002957 

00026) 

30002397 

5 9002195 

#0002028 

50001885 

«0001 755 

#0001655 

cM 

131263 

1645 «2 

197389 

229165 

2596 69 

289057 

3173*7 

31659 

371160 

3966.8 

42159 

55 <7 

GROWTH RATE MEAN 

KCN CH 

2425 810-65 

7.6583@-0 

25 7246@~06 

143381@-06 

Tt 75 @-07 
669326@~07 

7s23860-07 

4;8924@-07 

5 6530-07 

3676 172-07 

5a 420-07 

259316@-07 

  

EQUILIBRIUM CONCENTRATION =. 245771 
ou oar ee AP Rh yey OO aly Cott bah OL eg CT OO PM Od Dag CO FOR EAD tats erg Samy > OS ome my NO 

SUPER = 
SATNe 

51008 
«09 

«90 

631 

«O71 

601 

60352 

GROWTH 

cunt 

13493@-04 

4 57330-G 

165 110-Q 

7s1650-6 

356970-G 

36148@~06 

259%O-06 

158290-06 

1.690006 ; 

14109@=06 

15470006 

65366@-07 

INITIAL SEED AREA = 1146



< ooh. a 

TEMP:70.0° CELL: GC — STIRRER SPEED? 2000 R«P&Ms 

SEED: BATCH F PAEPARED SIEVE FRACTION: 89-1052 
OD AnD HYD M89 ODE EA HO OG ond BED Oe ETD 29 HED OND OD OS GA Cy NOT ENG AHO OM egy COE HAO Ing ES HU HRS OE OA rk ie OD ee Sed aap HE OG EON End Bens OS OD 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN — GROWTH 
MV" TIME MASS INCREASE AREA CONSTANT, = SUPER= RATE 

MINSs (GRAMS) (CM) CM*™ = K(MIN"CM")  SATNs = CM/MINs 

50002882 2715<7 134551@-G 51008 9607-05 

30002249 3159.0 145 702- 50949  849988-06 

6000183 4154.8 5<3933@-07 «0889 3.106 @-06 

90001601 480953 3.6544@-07 0829 15953@-06 
265751 8.000 34817 

50001412 542932 450860207 +0770 25017@-6 
26.603 120500 4270 : 

0001268 601939 4666@-07 40710 25114@-06 
265455 150500 45721 ; 

0001155 658650 4.3602@-07 «0650 1480)@-06 
264307 182,00 54170 — 

| 90001061 713051 2.8382@-07 «690 1:61@~6 

«0000984 7654.5 354199@~07 4031 1. 144@-06 

30001777 840258 253987@-07 .OV1 6.583@-07_ 

30000490 903445 8.3859@-08 <0364  15985@-07 

266159 232.00 5.617 

25012 2700 6,62 

255716 410,00 65944 

25627 540,00 7526 
2 EO WD Soe om ts OH MTG SM Hast Cn SH Soe AER. SY EY URI HD AnD Hy WT AD OMS ME Rey SW coed Cy EY MOT AE GO TSIY HD EOGHAN Peony HALEN Ad GO Gy OY Peg OD OF DE sud KEL CST BT OY Ing MEd Te OO OH AD 

EQUILIBRIUM CONCENTRATION = 24.771 INITIAL SEED AREA = 2331



- 286 - 

TABLE ¢ 8h. RUN NOs: R.P.G.K.1 
SD On) 9 a OD OM DON OE A ED OD ae 9 OF 89 Sng HOt me EMI a STE OR 

TEMP:70-0°C CELL: S_-——STIRRER SPEED:2000 RsPsM« 
Sine Men Oe Cte 08 Cee Seo Ome CD BE TO ony BI LG BU sd Mm Ona OS 

SEED: BATCH E PREPARED SIEVE FRACTIONS OPA 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
AMV TIME = MASS_—INCREASE AREA = CONSTANT SUPER= RATE 

MINSs (GRAMS) (CM) cM* K(MINCM®)  SATNs = CM/MINe 
  

27461 00000 15928 
: 0001939 1608.7 2<7672@~0 <1074 14939@-6 

27402 5.0000 23112 ~ So SB : 
; 60000914 170452 461501@-08 41066 2560-07 

275372 165500 2,20} — : . 
; ; : 0003353 18)8:0 363431@-07 «1026 2,4235@-06 

276254 240,00 2.572 | Tee ot 50003654 212651 2s40880-07 30973 14523@-06 
27810 360500 35031 
  28 Dw oe ee MOLD OL OD NE OES WH LOD WOON UE Gaed Oot EMD EOD CP HD Oty aed EO AED Day MOND A way HO ORL) IED 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 1545



~ 287 < 

RUN NOs 3 ReP.G Bel TABLE: 85 

TEMP:70.0°% CELL: S 
OP tes OP oe emew ete = = =—=§«-« RN AAD CNN ED CRT OR Om EU OS OD SO Ome ED 

SEED: BATCH E PREPARED SIEVE FRACTION: 89-105)» 
ae ene MO Sy OF ESD ne EDU my ee ME a Oa EP EYE Rs mea FOOD OS ee OEP ON EAD SL SD HE ag SO OS hae AO ON OND HA APD Ot ny MS eee 

CONCNs TOTAL CRYSTAL DIAMETER 
iM/V ° TIME MASS _ INCREASE 

MINSs (GRAMS) — (CM) 

27<491 00000 1.960 
+0002811 

27402 550000 25237 ~ 
; «0004074 

276254 625000 2.697 
-¢ 00035 14 

27610 805000 3.155 © 
«0003107 

265958 99,000 3.613 ~ 
: + 000275 

265810 123,00 4:09 © 
. : : “¢ 0002548 

26,662 145500 4.524 
: «0006577 

265218 207,00 5:88) 
s ie sey 0001914 

265071 245500 6,33 : 
a ; 0001808 

255923 290500 6,782 
0091715 

267D 355600 76230 
0001632 

253627 432500 7.65 — 

  

MEAN GROWTH RATE MEAN = GROWTH 

Nc KCMIN'CH?)—SATNs GH/MINs 

166539 349863@-0 51080 2,8110-5 

1913<9 5«3078@-07 41032 34573@~06 

2210.8 165443@-0  <0973 95762@-6 

249362 163821@-6 0913 84175@-06 

276360 150563@- 5083 5.8220-06 

302252 1413270-0 = 0793-5 «790-06 

350637 162295006 067k 563 040-06 

397661 7s1292@-07 3055 2.5180-06 

4197s1 643913@-07 <0495 25.0090-06 

441266 4.7865@-07 40435 —14319@~06 

4622.9 %34709@-07 +0376 16060@-0 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 1570



- 288 - 

ga OT OAD mw 5 A ORO aD OD 60 ng TO AOS Se OD oe OO OS I BY PD NY PO os 

TEMP:70.0t CELL: C  STIRRER SPEED: 2000RsP.M. 
Wien odie = RD aS HN HD Geter oy 809.08 208 ON Kase OF HA CD Ene ON HE 

SEED: BATCHE PREPARED SIEVE FRACTION: 89=105 
Shere Sh ed Te nis OCS FP AD OED GRD ON EM HD AO EAE RO ek SS OY HDLM Gog AW Ce HE AD TED gun AO HOH Ale eng RY OD aD ath Omg ES A EOD ACNE OO GHD LAP emmy HED OPED 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
MN TIME MASS INCREASE AREA CONSTANT, = SUPER=_- RATE 

MINSs (GRAMS) — (CM) cM — K(MINCM") SATNs = CM/MINs 
om BE ag HAD OO RE ON ES OP ONE Ooh Sad ST POD ney OD HE DAS MHF O87 aed OD enty CD CB nd os 2 

275076 ~00000 1.975 

265899 141700 2,526 

  

  

005279 1769s7 3.8707@-05 +085 242560-08 

60003679 210151 153259@-06 0829 74121@-06 
26.71 27000 2,983 

26603 68;000 3.438 

265307 188.00 4.340 

0003222 239056 759216@-07 :<0770 3.9298-06 

5005481 279143 5+25620-07 «680 2,5284@-06 

0002382 317%«1 2.9782@-07 «G90 16113@-06 

50002200 3416.1 4.3934@-07 «G31 146 70-6 

20005617 30863 163095@-07 «0111 362108-07 

en CA te O08 gy EA May OP HO OE a tad DR 

EQUILIBRIUM CONCENTRATION = 244771 _ INITIAL SEED AREA = 1582 

265159 295<00 45787 

26012 370600 54231 

2568 1245.0 64510 
 



TABLE $ 87 
ro ae O08 Ont ont cae OE OS OOS ON et 

TEMP: 70.0C  CELL:S 

SEED: BATCHE PREPARED 
0 can 8 or8 pay HO RO LD ONS HN om A ed HD OE HS OR A AD SD LD OD es SOO ON Hh nt OD SE hanes HH EN HO Oy OT Ot HO CRD PP mS ED OD WD A a om OOO 

- 289 « 

RUN NOs 3 R.P.GoMol 

© ee 0 Be od Gt SON SE LOD OD Man OY SE OS A OD ON Ow 

SIEVE FRACTIONS 89-105 a 

    
  

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
iM/V ~ TIME MASS INCREASE AREA CONSTANT, = SUPER RATE 

MINSs (GRAMS) — (CM) CM™ = -K(MIN’CM?)  SATNe = CM/MINs 

273461 -~00000 15964 
3000190} 163785 2<7184@-G .107 = «169 HO-G 

27s402 550000 2.148 ~ ; 
; : 5000}20} 185567 162481@-6 +1032  8407e~06 

276254 30,000 2.609 ; ; 
000366 2155.8 1.7817@-6 «0973 16127@-O 

27616 465000 3.067 © : ‘ 
; E : 50003174 240.9 1.7861@-06 40913 + 160)8@-0 

265958 61,5000 35525 — 
60002847 271361 169123@-06 +3053 165@-G 

26810 74.500 35981 ways : 
; 50002589 297463 1.7462@-06 +0793 86929@-0 

26662 89.5000 45436 : : : 
; E 50002381 322559 1.9418@-0  ~0734  94156@-06 

263514 102;00 4,890 : 
<0002208 346859 2.3229@-06 <7 1,003@-05 

265366 113.00 553430 
: 50002061 3703 143817@-06 <0614 5.424@-06° 

265218 132500 5379} ~ 
| 0001936 39329 1630!2@-06 +055 4.609@-06 

264071 153500 65244 : 
| 50003563 4262.5 1.0259@-06 «0165  340200-6 

<7 212,00 7s . 
0001647 458359 123353@-05 «0376 3516 7@-C6 

253627 23800 74587 
40001571 4790.6 2.7831@-07 «0316 54%532@-07 

25480 380,00 8,032 
es 

EQUILIBRIUM CONCENTRATION = 246771 
  

INITIAL SEED AREA = 1573 
00 8 CE Kens eee BD Aang xp CU MB HD Oiage ODEN Ory MD HL end SH Cen GD HHO TP ang Oe HWY OS Cow OO



2 200° a 

08 cs HD OG MN GE Oe Meng Ona Tet Ow Ce ee 

TEMP:70.0°C CELL: C = STIRRER SPEED :2000 RsPsMs 
eo Em ome wae SD Rh Pe FA FT eng HUD GES ED eww ONG Ged OUT Om: — 

SEED: BATCH E PREPARED SIEVE FRACTIONS 89-105, 
> On wet 2 wo te Be meas me oo me wan Oa anor m2 os eo   

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
iM/V TIME = MASS_—sINCREASE AREA = CONSTANT. = SUPER= RATE 

MINSs (GRAMS) - (CM) cM@* K(MIN'CM") SATNs = CM/MIN« 

27«402 500000 1.987 ve eR eee aan 
. 500606 181051 660128@-05 +1020 4031@-O} 

60003572 217465 5.51G@-0 <09hg 344020-6 

30003146 2115956 1.6077@-06 40889 + 9.42520-05 

0002821 273168 16051@-0 0829 5 06420-06 

50002564 2992.7 962657@~07 50770 445 79@-06 

60001539 3362.9 642326@-07 «0680 2,702@-06 

27«19H «75000 23632 

27<O47 650000 3,090 

26899 236000 3.547 

264751 48000 4,002 

26603 765000 45456 

265307 160600 54357 
50003944 383254 6.1971@-07 +0561 2;51910- 

26012 250500 6.249 pee . 

0001797 16851 443472@-07 <O471 1,4283@-06 
2584 320,00 6,692 

50001697 4382-3 3.4894@-07 «0411 —859328-07 

  Se orp AD OND AD OSE RHF OD OE ME AD HOF SD HY MD 408 NIG AD HE ORE MD GND HUE ODED Den? HOE AP LO ORD MG FAD GEA Kay eG OND Dd HT OR Go Ae ORD HN SEM ont GON CED ee 8 8a 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 1592



= 291: = 

TABLE: 89 RUN NOs? R.P.E.6 
I OR Od Beg ES UN ED oe te ee (OR cam TT a OE OL Se OME eng OO HOD LER FD SE Ca OD 

TEMP:70.0°C CELL: S  STIRRER SPEED 2000 R.PsMs 
2 oto om oe 8A sae OB Ce a rr) 

SEED: BATCH E PREPARED STEVE FRACTIONS 89~1O5p. 
20 co cay O69 OOF HAD Oy OD Or BCE EOE OD OT rm OO UD MS EY LO FSO ct mag ON OED OOD SD Oe Ed SOR ae NN DOA eg OE ED Oe ey FE Gay CET NW OLD On OME Od PO OOD 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
iM/V ~ TIME = MASS INCREASE AREA = CONSTANT, SUPER _ RATE 

MINSs (GRAMS) — (cM) CM = K(MIN CM“) SATNs = CM/MIN 

ee? 30006082 1800.6 1.45 200-5 6104} = 3.041008 

30003590 2165.0 5.4066@-06 £0973 34200-0 

50003162 245053 3695830-0 = 40913, -25343@- 

30002837 2722.8 5414508-06 «083 248378- 

70002581 2984.2 643089@-06 40793 362260-G 

40002373 323640 652909@-06 +0734  25967@-05 

0002201 3479463 6536890@-06 «674 2,5 7520-G 

  

276254 150000 2.620 

278105 662500 34079 

265958 13000 35537 

264810 18,000 35993 

263662 22,000 4448 

266514 26,000 4,902 

265366 30,000 5.354 oe ce 939 5000256 371561 5<2354@-c6 1614 250560-G 

50001553 392166 .3465@-06 561 = 14553@-G 

0002200 414453 543161@- «G01 1,46920- 

264218 353000 5586 

264100 405,000 65166 

253923 46.500 6376 

271 536000 75152 

2s627 596500 73598 

253480 70;000 8043 

256332 &.000 8,487 

255184 105.00 8.930 

0001728 4383.6 4,8181@-0 40135  14329@-0 

60001643 459565 553280@-06 «76 142640-6 

50001568 80285 3.5'5@-0 +0316 ub 7@«6 

#0001500 500541 381128@-0 40256 5,0010-6 

40001439 52035 2593520-05 50197 35598@-06 
  9 29 ee 6 Ord mag OE ned HD EE OD one AND ONE FD PE EE TA MP HT 6g Ont PO Oye OT Ow FO aD me OTe ~ ong BOO em thane GS OD One 

EQUILIBRIUM CONCENTRATION = 24.771 INITIAL SEED AREA 4582



se QOR 

TABLE: 90 RUN NOs: R.P.E.7 
Cm MEG OR OF Aten OO ON Om oe ree OF eg CE NUE U0 OR OOD Gud AD ETD Ma ey a 

TEMP 170.0°C CELL: ¢ STIRRER SPEED 2000 RsP.Ms 
eens oe os ow oe os ome Oe Poel es om me takes Sm OT oN BE OD 2 wO 

SEED: BATCH EB PREPARED — SJEVE FRACTION? 89-105y, 
Cake SD OES A ey HD ocd OD end aaND OHO OD aD 9 et 0 ora ne te 0 ee Roe Hah Hd OO Gry AR ED OD OH OW One A OD   

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
wM/V ss TIME. ~— MASS-—sSNCRREASE AREA CONSTANT, SUPER= RATE 

MINS« (GRAMS) (cm) CM™ = K(MIN“CM*) SATNs = CM/MIN 

ate eer? <O0OW7 1754.1 363791@-0G +1008 2,224@-0} 

30003772 2060.7 641143@-0 0949 3.7720-G 

60003292 2351.4 1.63614@-06 0889  7,8380-06 

0002932 262834 8,8438@-07 «0829 44 7308-06 

0002653 2893.4 8.9449@-07 0770 4.421@-06 

60002428 3148.1 150695@- +0710 4,8 7e-06 

006289 3623.8 7.2086@-07 «690 2,.6870-06 

60001836 4084.5 4.4361@-07 .0171 = 1.3118-06 

60001732 430161 3.67527@-07 «0411 94622@~07 

275195 1.0000 2,453 

27<O17 6.0000 2.5912 

26899 27.000 34369 

266751 58.000 3.824 

26.603 88,000 4.278 

263455 113600 4.729 

265012 230500 65074 

25.«064 300,00 6.517 

QHeTi6 390600 65957 
eg ed 08 mn mg HS AE DT ON Od OD 0 one 0 ov oem oo cg emg Od SD EM BOD G08 OG UE me OO ey OED ey Ce HP MY ed TE EN ng MD ED Ek eaey OS OS ey Cs OP ON gg BOD ED ONE GD OD Mad ck 

EQUILIBRIUM CONCENTRATION = 24771 INITIAL SEED AREA = 1597 
 



- 293 - 

TABLE: 91 — RUN NOs?R.P.E.8 
oe ry © © en 0:9 109 Om Meng MD re OE Citas OO Pay MPEy MO 

TEMP70.0°C CELL:S — STIRRER SPEED 2000 RsPsMs 
‘omen me em ae on Aa ER Oe 2S et ay 2 8 Ow Og OE Og OY UD OH 

SEED: BATCHE PREPARED SIEVE FRACTION: 89-105 yu 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
2M/V TIME = MASS._—sINCREASE AREA = CONSTANT. SUPER= RATE 

MINSs (GRAMS) — (CM) CM* = K(MIN-CM") = SATNs = CM/MINs 
29 0 OO ind Oe a Mpa oo Ae 0 te 7 8 od WF Ong TE OE seg SOD KAS al OPO tg ON OD LIP CEng cy 1D OR OY SS OND and OO Sey OR Ted On 

27«402 ~00000 1.955 
    

000529 1723.7 5+0136@-G 61032 343800-04 

50003832 203052 79034@-06 +0973 5 s0028-05 

50003341 232057 564200-05 40913 343410-0 

«0002976 2597.6 ~343760-0 0853 ~1686 08-65 

<0002692 282.8 1.42200-06 50793 7«276@-G 

276254 67000 25415 

27616 4.5000 2,85 

266958 945000 3.333 

265810 155000 3.789 

26.662 205000 4,245 
3000265 3117+7 562237@-% <0734 2s4650-05 

40002278 3363.7 6.5878@-06 .0674  2484680-05 

50002122 36018 5s4001@-0 .14 2,1220-6 

0001988 3832.7 5.62090- .055 1.9880-0 

60001873 405762 4s250H@-06 40195 163388-G 

5000615 458654 3.41020-06 50346 T<191@-06 

26.514 254000 4.699 

26.6366 295000 5.4151 

264218 345000 5.603 

26071 39s000 6.03 

25923 465000 64502 

25332 926000 8,293 
Pes OP ed CDey TA OD Ow Om ow oe 0 FS er9 

EQUILIBRIUM CONCENTRATION = 246771 INITIAL SEED AREA = 1566 
 



~ 294 < 

OO he OHO Boe Mm ON AND OG BOR. A CO ED 208 a te og DD MEO COS ATE GD Oe GRE TRY CE ER ae OP 

TEMP: 70.0 . CELL: 8 STIRRER SPEED #2000 RePsMe 
0 0 60 ony ae en OO 5 eet Cee Anes CHR Aad OP ot ee Oe OW 

SEED? BATCH E PREPARED SIEVE FRACTION: 89-105m 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN 
wM/V TIME = MASS_—sINCREASE AREA = CONSTANT SUPER= 

MINSs (GRAMS) — (CM) CM™ —K(MIN"CM") —- SATNs 
SO ey A SH OO ney OED omy AY OD GA SD Hom GN ED OAD SD OR eeeY Se GUE SOY ED end op org HH One TED ONE RAPED AOD CAD ELE DI Mhane PMS yp OD DEH ano Hees ONT OND FO OE SE SAD ond OG ON MP CCD as Sd cng MAPS SD Hat TH Oene ase OB 

272402 00000 14935 

278254 257500 2.39 

276106 657500 2585 

263958 116500 34313 

265810 165500 34769 

26662 21,000 4,224 

264514 26.000 4.679 

26.5366 303500 54131 

0001572 170727 14623300-0 51032 

«0003863 2014.0 7s6284@-05 0973 

30003365 230442 559815@-0  .0913 

#000299 258057 5 4282@-0 0853 

0002709 2845.5 5.<8814@-6 0793 

#0002479 310050 552537@-06 «0734 

60002291 3345.5 5.«88760-0 «0674 

20002133 3583.0 64 705%@-06 0614 

30001998 3813c4 6.2769@- «55 

60001882 403754 3473730-6 «0195 

60001 780 4255.5 5.<37682-06 40435 

90001691 W682 5s47970-06 «0376 

60001611 4676.0 34861@-6 +0316 

26218 345500 53583 

265071 395000 64033 

23923 47.000 6,482 

BsTb 535000 65930 

26627 596500 76376 

25480 70,000 7.822 

GROWTH 

cH MN 

853128-0 

4.58290 -65 

325 420-0 

269HO-H 

360100~G5 

2s47190-G 

265150-0) 

25666@~05 

26220805 

14176@-05 

1434-05 

1301-05 

76 730-6 

  Reba ELLA Bd OD EM OTS HER ERE AMD HG CD AG OVO ona BV MN SOE OM LEI TOD ore Kid AVG SMe CUM RE Td HOO OW 7 OD Eee on 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 1550



CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN 
m/V TIME MASS INCREASE AREA CONSTANT SUPER=- RATE 

MINSs (GRAMS) — (CM) CM* —K(MINCM*)  SATNs = CM/MINs 

29708 00000 1,988 
40004289 174358 6s84G@-6 +1265 64127@-0 

295569 365000 2.429 
30003659 2038.4 350551@-0 41212 25613@-6 

293430 10500 2,89 : 
3 40003207 2318355 163566@-G <1160 1,5106@-05 

296291 254000 34309 : 
a 000288 258.0 155407@-6 <1107 . 16195@-6 

295152. 375000. 3.747 
| 50002602 2842.7 1:6060@-0 <1654% 151830-6 

295012 48:000 4,18) © 
; : 20012201 364832 134516@-06 0868  84715@-06 

285175 118500 65797 ; 
: 0001640 443055 957672@-07 +0683 5560-06 

285035 136500 7.«226 : 
50001564 463335 131401@-0 5029 4,888@-c6 

275895 152,00 7.654 | | 3 
6000106 483252 154707@-06 <6 5«4@-0. 

27576 165500 8,082 
. ee 50001434 5026;8 151919@-06 «023 45;2180-6 

276615 182500 8508 
: 0001378 52175 1520083@- <O170 3.8280-6 

274 200500 8,933 
«0002607 5495.9 150013@-0 0390 2.607@-6 

Cet 0500 - ; 

Bete a 30002426 58750 6.5118@-07 +0283 14213@-06 
26914 350500 10,62 

50001150 612052 343234@-07 50203 4;422@-07 
265774 480,00 11,03 

60001111 62906 5%2133@-07 «0150 5050-07 

TABLE: 93 
OB ay 3 OO oo ED Ow, 

TEMP 270.0°C 
©0 0t os brome 

CELL: ¢ 

SEED: BATCH E PREPARED 
Rene td OO HA ae GET ND HOS ey A AS EG EG OH ONE Oat A SS EY OD Dy OD oy NS HS NY Ck OS EN PAE ET COM ay OD OME WP HE MY nd ES Se Oud OD ED 

- 295 - 

RUN NO< $ R.E.10 

2 2D OD OM AF Soy MO OS OO OE OME AD OA HA Ord ON DO 

STIRRER SPEED :2000 RsPsMs 

SIEVE FRACTION? 89~105 px 

GROWTH 

  

264633 590500 11545 
80 AP OO GY Om OD OM DR nee O55 py CF OM BS ES OF DO oy OPT AT HT OUD HO Oey OB PH SD GI Org M8 omy OD Hed OD OS Em WD OD Gad A WY SRY End HR Gs Pod OD OU EY HET ES Ort gory OO AT SOY gre MD OD AS ace a MY NS CON OA OD OS OO Dee 

EQUILIBRIUM CONCENTRATION = 26.4310 INITIAL SEED AREA = 1593



~ 296 « 

TABLE: 94 ‘RUN NOs R.E.14 

TEMP 70. ot CELL:S — STIRRER: SPEED: 2000R<PsMse 

Bf SEED: ‘BATCH BE PREPARED SIEVE FRACTION: 89-105 Pais 

CONCN. TOTAL CRYSTAL DIAMETER MEAN GROW] RATE MEAN GROWTH 
@/V TIME MASS INCREASE AREA — CONSTANT SUPER= RATE 

MINSs (GRAMS) — (cM) CM™= —K(MIN“CM7) SATNs = CM/MINs 

2987 <00000 13958 
; 60003542 169053 1.2486@-05 £1334  14181@-0} - 

29763 1.5000 25317 
50003818 195658 539943@-06 +128 5.454e-0 

29624 5.0000 25752 
~ 0003328 22397 663 H4@-0 41234 5.5460-G 

29485 850000 3,192 
0002963 250936 5.0981@-6 +1181 4.2330-6 

295346 115500 3.632 
| #0002680 276853 438410@-06 51128  3,8290-05 

296207 =15000 4.5070 
50002454 301763 504399@-6 510% 4,0900-G 

29568 18,000 4.508 — 
; 30002268 325768 653629@-6 +1022 4.537@-6 

28;929 20,500 2944 - 
: 30002113 3490.6 652666@-6 +0969 2250-05 

28.789 235000 5.8380 : 
30001980 3716«7 662295@-06 +0916 3.9600-G 

28.650 25500 5.815 
0001866 393656 5«2055@-G +063 351100-6 

283510 28.500 6.249 
30001766 4150.9 435113@-06 +0810 2.52306 

285371 326000 6,682 
0003281 4461.5 450822@-0 40730 250)10-6 

285091 40;000 7.547 
50001529 4765.2 358119@-0 <.0651 14699@-6 

27591 4 55 00 75978 
«0001466 496153 369897@-06 «G97 1%6290-0 

275811 49,000 8407 
0004082 533967 4355300-0 0491 1.45120-0 

276391 62.500 9.65 
50001264 571165 3<24120-06 0384  8427@-06 

276251 70.000 10,12 
#0001223 589150 4.5654@-0 +0331 1.40190-6 

276111 762000 10.55 
«0002336 6154.0 2.6974@-06 <0251 46493006 

265830 102500 11640 
60001116 641362 2s7271@-0 <0171 341010-6 

26,689: 120,00 11,82. ; a 
2S EN ee OF 2 O88 am OD OM pag OT caty OD EP Care HR heey SHU CN ay OOD 

EQUILIBRIUM CONCENTRATION = 265310 
  

SN gy OA OFT OR OO a BO oe WB OND OG OH ON pocg TO ad ES EE MW OD A OD OO MD 89 EI QE BE OER 

INITIAL SEED AREA = 1569



- 297 « 

TABLE: 95 
ee Ay ne POOR he he Ow a Om 

TEMP? 70- Ch PEs 

SEED: BATCH E PREPARED 
AT a OD AD OR SOG ND SD AD Mn GR SE to amd HO END Gy SHE OND OE Sh MD OP COPE San OR EH OS ODL co BOE car UNE OD Que ay OOD EO OD AY OND SUR ORE Oany AAP 

RUN NOs: 
Od bag BO AD TOO HED om GE COE 

0 SM Cm en oe AO OM Oe OT On Ea AD OD EOD 

SIEVE FRACTION: 89-105 » 

R.P.E.Me1 
1M 8 Kooy DHT 

STIRRER SPEED: 00 RePoMs 

      

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
im/V TIME = MASS_—_—sTNCREASE AREA mente SUPER= RATE 

MINS» (GRAMS) (CM) cm’ = K(MIN'CM4)  SATNs = CM/MIN« 

276432 00000 1.942 
«006378 174358 5.+2831@-G «1038  3.58&@-o} 

276254 47000 2545 7 
40003740 207952 659546@-6 40973 4008-05 

276106 5,0000 2.954 
' 600275 236657 5.5325@- 0913 362 HO-H 

26.958 10;000 3.412 
0002926 2640.9 5.3016@-G +053 2.9260-5 

26.810 155000 3,88 
«0002654 2903.7 5+«1871@-6 0793 2.654@-05 

2.662 205000 4,323 
30002434 3156.5 5<1596@-6 +0734 2.4434@-05 

26-5514 2 «000 477] ; 

5 40002253 3400.6 5.2131@-6 <7} 252530-65 
264366 30,000 5.230 : 

| 60002100 363659 5.3479@-6 <0614 2,1000-0 
265218 35.000 5.681 = ’ 

60001970 3866:2 5.57220-G ~<055 1.4970@-6 
26.071 40,000 6.131 ; : 

000188 4089.1 4,9201@-06 <0895 13548@-05 
255923 46,000 6.580 — : 

0003435 441163 4579990-06. «Ol 15227@-G 
26627 605000 745 © ; : 

0003122 48263 335060@-6 ~028  6244@-06 
25332 &s000 8.5366 : ; 

; ~0001461 512753 3«3098@-0 +~0197 4,8@-06 
Bs 18% 103,00 8,808 — ; q 
    

EQUILIBRIUM CONCENTRATION = 245771 
  

INITIAL SEED AREA = 1556



265233 

- 298 - 

TABLE: 96 

TEMP: 70.0€ 
(te See oe 

PR m8 Fo ong Og OE ON Mig ON 

CEELe A 
wee om ae em 

SEED: BATCH E PREPARED 
SOA AS ES Ot es OD eng UNS. OTS OOD CE RNG OAD OU ORO ang Cal) OND MD OUR EG HD ey tod Ged SMA ane BY AD WO AH TU ene oe MD LH gag CHD OAD OH arg FD Ot BU OH DOO HY OHO 

TIME 
MINSs 

00000 

450000 

45,000 

90,000 

145,00 

280,00 

330.00 

360,00 

MASS 
(GRAMS) 

2499 

25958 

30416 

3.872 

4.783 

5 5236 

5687 

DIAMETER 
I ee 

40005368 

60003735 

90003271 

50002923 

0005 088 

000225 0 

50002098 

RUN NOs:R.P.D.4 
SD Oe Se Sek eo Fm GAD EE OY OT OT Cy MS my Bere OD 

STIRRER SPEED 2000R.PsMs 
Pee ON CGEM OR ony OD FD Or} moe OU Om Od 

SIEVE FRACTION: 89-105 ps 

MEAN 

‘at 
174760 

208265 

2370.1 

2644 

3081.8 

340561 

364165 

GROWTH 

  

GROWTH RATE MEAN 
CONSTANT. SUPER= RATE 
K(MIN-CM?)  SATNs — CM/MIN« 

958309@-0 .10H4 6;7100- 

71537@-07 +0979 41.555@-c6 
650985 @-07 50919 3.635806 

4; 7824-07 089 2565 70-6 

36 7997@-07 <O770 1,86@-06 

5s16G@-07 +680 2,2500-6 

858161@-07 40620 3.4978-6 

Ltd 

POS 9 ong NOD ED GD OM wey ED PAE OE ERY SOD UTA FOR An AMD my OS OUT HY Ua MOT oy WTDEAG ERang Ox HB WM HSA. Lah OO UD gy AB EU ID ON LT OE eae OED Gry dem Be TE CD ore WA OS DAM ang Met) OE RE 623 VU ED Tap OO Boe Ras SONY OD 

INITIAL SEED AREA = 1559 EQUILIBRIUM CONCENTRATION = 2/5771
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TABLE 97 RUN NO. $R.P.D.5 
OD OM ame Oy me FAS OS OS OM os AO oe aay Ong OS ed OMS Fo Bed om OS TD es CHE BD 

TEMP:70.0%  CELL:c STIRRER SPEED 32000 RePaMs 
PE MON Od mw og Ase Oe Pint 6H qd Oy OS OD HS Ee OO Meh 

SEED: BATCH E PREPARED SIEVE FRACTION: 89-105 
  

0 od 2B ON Oe Em OS A a OE OR uy OO OS OMS NS OE Ng OM OUT gey MP nd volt 28 ore oe 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
iM/V TIME MASS —sINCREASE AREA = CONSTANT__—s SUPER RATE 

MINSs (GRAMS) — (CM) CM? K(MIN'CM?)— SATNs = CM/MIN 

270461 300000 1,987 : Pee 
50003634 1718.7 167463@-05 1062 152110-0} 

70003900 1996.3 259692@-0 1008 1,950@- 

6000338} 229051 9s6525@-07 +0949 5,49388-06 

50003004 2569.6 1409008-06 0889 6 5258-06 

30002709 283659 7«56@-07 0829 36 7620-66 

0002473 3093.5 7s1711@-07 0770 34533@-0 
30002281 3340.6 7.8735@-07 40710 3.564@-06 

60002119 357934 6s7559@-07 «0650 2,7888-06 
60003845 3921:2 6.0)660-07 «0561 25136@-06 

50001757 425351 4.970%@-07 .0%71 15464@-06 

60001664 465.1 443379@-07 60411 1.1098-06 

60000958 463150 452535@-07 30364 9557 7@-07 2 «627 480500 7.567 
Sens Mem OOF Gee OD Ot 2 CH BE EN OE LAD EY SR OU Gay TM ODays “Faoy Wiens ow em em BTC ave on CN FS Ces 18d HRend GD IE SHUR emery WS quey oan Od 208 TD 

EQUILIBRIUM CONCENTRATION = 2.771 INITIAL SEED AREA = 1592 

276343 145000 25356 

276195 114500 2.815 

27s017 40,000 3,273 

264899 64,000 3.729 

265751 100,00 4.183 

26603 135600 4,635 

263455 167600 5.0% 

266307 205.00 5.533 

26012 295500 642k 

25854 355«00 65865 
253716 430500 74304 

   



- 300 - 

TABLE : 98 RUN NOs? R.P.D.6 
ee ee OS Wo Re OME ED Ueto OE k (me ek One Get Nt ad OF OOS Op ea eR 

TEMP: 70,0C CELL:S STIRRER SPEED: 2000RsPsMs 
meewen OSS 5 tm a a Ot WUD Mo ORM OY OPED MO Be OLED OD 

SEED: BATCH E PREPARED SIEVE FRACTION: 89-105, 
Sees ON A MS AD OD ES LD OD MIND RED IA Deh Med TE AD Meng AIA OS OO. OO AD SE HON ON OEONG NOD MO SYP yy HED EAD COR ns MEM GE MEO gng BT NP HED MS any OR 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
MV TIME = MASS_——sINCREASE AREA = CONSTANT SUPER= RATE 

MINSs (GRAMS) — (CM) CM™ = K(MIN'CM")  SATNs = CM/MINs 

"276609 _<00000 1.91 0 Poe tag . me Es 
3 0006273 174856 165C@-05 «1104 1, 046@-0 

30003665 211258 1.8271@-0 +102 1,52280-05 

50003237 2397s4 162817@-0 0973 8020-6 

0002899 266839 1s7521@-0 +0913 15035@-G 

60002633 2929.3 141386@-% ,083 6;2700-6 

  

  

27s402 350000 2.556 

276254 185000 3,016 

276106 385000 35474 

265958 52,000 3.931 

264810 735000 4,387 

263662 92000 4.841 

265071 192,00 6.653 

5s7H 250,00 7.549 

25627 300,00 7.994 

256480 410,00 85438 
Gt cin in ok nae Og On Od aces tab shag Gebeae win Stein sin eck ae merce ont Oo om One on te 

EQUILIBRIUM CONCENTRATION = 2s “TT INITIAL SEED AREA = 1530. 

60002419 317969 142465@-06 40793 653650~06 

60008176 376050 9.97420-07 10644 4,0880-06 

60003425 M2757 140016@-G 40165 2595 30-06 

60001590 4739.7 667156@-07 <Q 165900=06 

0001521 49h06 3.64837@-07 50316 6.914@-07 

  
 



- 301 = 

TABLE: 99 ‘RUN NOs’ R.E312 
Ce eT PEs OF MF KD ON Rey OF og ER one oe DOR OD 

TEMP: 70-00 CELL:S STIRRER. SPEED: 2000R+PsMs 
one ww en oe” : Ce en ery 

SEED 3. BATCH E PREPARED SIEVE FRACTION: 89-105 
= OOF On Hd CD Gy OF OO EN OM Oey OO HHO I OTR eg OE OD OED HN LD SM Go Gen OH UNS HTT HAY SF OP CFG HS HS OE MD OM me TED ROOTED STE TPAD eT « 

CONCNs TOTAL CRYSTAL PIAMETER MEAN GROWTH RATE MEAN GROWTH 
@/V TIME MASS INCREASE AREA CONSTANT, SUPER= RATE 

MINS (GRAMS) — (CM) CM* K(MINCM") SATNs  CM/MINe ° 

"305235 ss00000 2g OS ae Sg 
50006009 175004 7s2htte-06 51455 76511@-6 

305041 450000 2.543 : 
| | 60003558 2100.9 4,0088@-06 41392  36953@-6 

0003139 2375s7 149519@-06 41339 168460 -G 
50005394 276255 360368@-0 41260 2.6970-6 

0002364 3134.7 1690!7@-06 41181 145 760-0 

50902194 337060 1.4651@-06 41128 14155@-0 

293902 8.5000 2;984 

296763 176000 3.424 

29348 276000 46303 

295346 34.500 He7 

296207 44,000 5.178 | 
. 0002061 3598:2 1.5206@-6 41075 15139@-G 

295068 535000 5.614 : 
30001928 381959 146958@-06 51022 15205@-0 

50001821 403558 149357@-% +0969 1.3010-G 

50001727 424634 163631@-% +0916  8636@-06 

285929 614009 65019 

255789 68,000 6.484 

28;650 78;000 6591 
ae ro 0001644 445251 9586308-07 083 5.8720-6 

285510 92.000 75350 
000'527 NOk751 1596 29@-0 .077 5+5200-6 

285091 13300 8.645 q q 
4000282 5507s7 1<C221@-6 «G71 3942@-6 

EQUILIBRIUM CONCENTRATION = 265310 INITIAL SEED AREA = 1541



- 302 - 

TABLE? 100 RUN NOs sR.E.13 
Ak 9 750 5B MR aay Gish OD CY pg OG Oe 2S OO Om ray em OAT OD Ont Sys BT AI OT SD OTS OD OO OD 

TEMP:70.0  CELL3c STIRRER SPEED : 2000 RsPsMa 
ine be oe oe GR tet ery OT One Stem OS ie ERY Ome ED Ow HN ED Oe 

SEED: BATCHE PREPARED SIEVE FRACTION: 89- Se. 
(Reng Sy sang EAE SN eee 50D LH HEN LORS A HIN LOND GAD GND HE gey OME Makd ORE tome OA HDD OH OE GY RS TD WN OI He ey WD HE TA EO ON SM OD eaey AGS SD OR OD HRD ONO OD 

CONCNs TOTAL CRYSTAL DIAVETER MEAN GROWTH RATE MEAN GROWTH 
gj/V TIME MASS INCREASE AREA poe a SUPER= RATE 

MINSs (GRAMS) (CM) = CM™ = K(MINCM*) SATNs = CM/MINs 

“29.902 00000 1.971 ts ae oo ee ee 
50088 178857 5<9243@-0 61329 54589@-H 

296 08 #2500. 2 
oer ae m7 2000348 213950 250019@-6 51265 1. 7880-0) 

296569 15%000 3.030 ‘ 

29430 245000 3.469 

    

£0003081 241368 2500667@- 41212 147120-G 

0002771 2676s8 147038@-G +1160 1:386@-6 
295291 345000 35907 t 

, 60002526 292985 168135@-66 41107 = 1.4@-05 

40002326 317341 165634@-05 41G4 151630-6 

50002160 340857 142940@-06 +1001 —940008-06 

70002019 363751 1462813@-0 0948 85414@~06 

50003696 396650 16468 @-06 4088  88008-06 

0003323 438854 14454@-06 0762 74553006 

0001545 469450 150371@-06 +0683 4.829006 

30001479 489069 9.0957@-07 «0629 3%8920-4 

50001419 508359 152115@-06 «76 44 731@-6 

296152 43,000 4.344 

295012 535000 4,780 

285873 65000 58215 

285734 T7s000 5.649 
285454 985000 64515 

285175 120500 78377 

285035 136600 786 

27585 155.00 8,233 

27sT6 170500 85659 

27335 240500 94933 

278195 266500 10535 

2765 308,00 10377 

265914 360400 11419 

000392 545539 8399290-07 sO17O  2.823@-6 

50001225 582143 97159@-07 +0363 26357@~06 

3000118 599704 6585)10@-07 ~@10 144100-06 

- 30001147 617036 6%5079@-07 «0256 141020-4 

50000669 6307;0 2,6446@-07 50214  3.716@-0 
266830 450500 11444 ae Le : 
eet ee ee et = eee en er ory 

EQUILIBRIUM CONCENTRATION = 264310 INITIAL SEED AREA = 1579 
 



- 305 = hes 

RUN NOs R.E.14 
fs (hrm ok Porno ot nah Ot ft 

STIRRER SPEED.22000 RePeMs 
"ton theng 9 aOR S OM ae bond Dray Sd 

TABLE: 101 
es 

TEMP370.0°C ... CELL: © 
bates meet am” Ama ng oO cae 

SEED.s. BATCH E PREPARED STEVE PBAGEONS 89-105 s 
  ai * Oat a Oot 

CONGNs 

  

TOTAL . CRYSTAL . DIAMETER . MEAN GROWTH RATE. MEAN... GROWTH 
gu/V TIME MASS INCREASE AREA CONSTANT. = SUPER= RATE 

.. MINSs (GRAMS) — (cM) CM* = K(MIN"CM?) = SATNs = CM/MINe 

305041 00000. 1,960. .. bi ee aa I a. a ee 
b caotel «0005901 178050 5.00730-06 «1381 4.9180-6 

292847 650000 2.579 : — 
/ 60003503 213054 351336@-G +1318 25919@-G 

296708 125000 3.019 . ; 
40003095 24043 2e4796@=0 41265 «= 252108- 

296569 194000 35459 7 
0002782 2668463 186338@-6 961212 = 16391005 

295430 29,000 3,898 ~ . 
é ; #0002536 292069 256023@-0 «1160 25113@-6 

296291 355000 45335 . MER R A A : : 
. 60002335 316436 1688%0-6 41107 1«4§9@-05 

296152 43,000 43772 © . F ; 
’ 50002168 340052 16B471@~6 s1G4  16355@+G 

296012 51.000 5.208 ~ Br os : : 
: : : 30002027 362856 1.62080-06 41001 1.4126@-d5 

28.873 60,000 5,642 ~ as ; ; . 
6000190) 380.6 1645230-06 50948 9.5270~6 

285734 70,000 6,076 ~ os : : 
; : 50001800 406657 164574@-06 .0895 8599906 

283594 80;000 6.508 ~ : : 
: ; 0001707 4277s 136375006 +0842 954840-06 

285454 895000 6.940 ~ . ‘ : : f 
a ; : #0001625 4483.3 1:5016@-06 <0789  8.124@~C6 

285315 99s000 7«370 : : 
7 90001551 4684.5 164016@06 40736 7«0510-06 

285175 110500 7800 : , ; , : 
: ‘ eO00T4 488156 16772906 60683 85251@-C6 

285035 119500 8228 ~ ; ; 
' 0004122 526150 141039@-6 30576 4<29k@~6 

278615 167600 9509 — ed, : 
4 3 2000127 5633.5 156787006 <0%70 56311006 

27. 179300 95933 5 ; : , 
be 7 . 0001231 58130 9.5818@-07 «0416 2.6770-06 

276335 202,00 10:36 ~ ; 
«0001191 5989.6 161691@-06 50363 25837@~06 

276195 223500 10.78 ~ : ; : 
‘ «0001154 616362 956553@-07 «0310 169900-06 

2755 252,00 11620 ~ : 
. ; «0001119 6334.0 7s6671@-07 +0256 16301@-C6 

26.914 29500 11.62 ~ : ae see i‘. fences 
: : f -¢ 000213 #O O¢40290= «0 . 

  

EQUILIBRIUM CONCENTRATION = . 264310 INITIAL SEED AREA = 1570...



RS SCN 7: 

TABLE 3 102 RUN NOw: R.E.15 
OR OR OU Bm OF MD OM PO OG OO ow Om 0 OR Oy Ok THN OD RD OO OD HD GA AA OD OCD ORF UE Gay OD 

TEMP:70-0° CELL: C — STIRRER SPEED 2000 Re PsMe 
2 ma on oe mS ean. oo A as 8 Gag HY ED ing CED CA 8 OO OH) 

SEED: BATCH E PREPARED SIEVE FRACTION: 89-105 p. 
22 OMe Mah ane Ong GUD AOL Od OO OS OF Mg ODOT Cad ONT Ops ONS HE ONS SE Ot cay Gacy ONE UND OS GHD LED ONE Se MER ES Gow Het EY ED Ho OD OD MD Ge TD Mw CO OE Mae OD 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
dV TIME MASS JNCREASE AREA CONSTANT, = SUPER= RATE 

MINSs (GRAMS) (cM) cM=  K(MIN'CM") SATs CM/MINs 

29.847 00000 1,970 
0004328 172985 761262@-06 21318 6.6580- 

295708 352500 2412 
40003687 202451 169187@-0 51265) 16 715@-G 

293569 14,000 2.2 ~ 
0003230 2301.2 168919@-0 <1212 1.6150-6 

29430 245000 35292 | : 
: : 5000286 2571.6 1 67730G-6 51160 1 430-05 

296291 34.000 36730 : 0002618 282851 167796@-06 «1107 = 143 788-6 

295152 43.500 4167 oe 
30002402 307541 186339@-6 «14 14201@-6 

40002223 331367 125213@-0 51001 «= 15059@-0 

40002073 354468 142135@-05 +0948 7973-06 

s00019%5 376962 1465725@-06 +0895 9s 724@-6 

50003574 og2s8 164478@-06 50815 85123@=06 

60001651 440853 1.2603@-06 «0736 6.3480-06. 

50001574 461163 151261@-6 0683 5.2460-06 

0004340 500059 150323@-06 «76 4,019@-06 

<0002620 54738 7s7432@-07 0443  252980-06 

~0001242 574648 151631@-6 40363 2,8220-06 

40001200 5924.1 853230@-07 +0310 15715@-06 

50001161 6098.2 5«7071@-07 «0256 946720-07 

50000676 6235.4 2,0935@-07 50214  24939@-07 

294012 53.500 4,604 

28.873 64,000 5.039 

285734 T7s000 55473 

283594 875000 559% 

285315 109500 64770 

285175 122.00 76200 

285065 137«00 7.629 

27<615 191,00 8.911 

276335 248500 95759 

27519 270500 10,18 

2785 306500 10.60 

265914 365600 11602 

26830 480500 11827 
oP Ort coe 029 may WM Od Gs SO 2D BN SS RAG CO OS EL CD TD Ogre COE PN an OD SD Puss) Oe) TO RD GY AAS OOH Pine om SAD ERD OHM EAD O60 HY WAH ee OO HON Ae OO AD SEH SM OY mS SR ER SO ERD Samy tee ONY One Ges HAD Se NithaneD HO BU SHED Land aD 

EQUILIBRIUM CONCENTRATION = 26310 INITIAL SEED AREA = 1578



TEMP:70-0°C = CELL: C 

SEED: BATCH E PREPARED 
Coo cee HO 0 OW HS HO 20 TP CE AO OY OO NO ee TN OO OE Rg AS OS ND AO EE A OT CG AD ON HD ae HD TD ay EAR ny SEO AN ADD SO 

GROWTH RATE 

RUN NOs: R.B.16 

CONSTANT 
K(MIN CM’) 

Oe ele 

STIRRER SPEED 22000 R«PsMs 
22 mo how cag OD UY ON RE OND we Oe TD 

SIEVE FRACTION: 89-105, 

  

CONCNs TOTAL CRYSTAL DIAMETER MEAN 
@M/V TIME MASS [NCREASE AREA 

MINSs (GRAMS) — (CM) cmM* 

293875 «00000 1.974 
50005102 176250 

29708 235000 2.504 
30003579 2084.7 

294569 10,000 2.944 
-;0003149 23622 

296430 22,000 3.334 
000399 275266 

294152 36.000 45261 : 
60001556 32561 

28.873 55.000 5.133 
4000204 359548 

285734 656000 54568 ~ : 
; 40001920 3819.1 

283594 «000 6,001 
0001812 4036.5 

283454 84,000 6.433 
50003355 435089 

285175 104-00 762% 
: 0001559 65851 

28,5035 1145600 76725 
s0001492 4856.1 

276895 124.00 85153 
40001431 50.1 

27« 6 139.00 8.580 
40001375 5240.3 

273615 154.00 906 
40001324 542750 

27475 17800 96430 
60002513 569987 

27819 220,00 10,28 
50001194 596767 

2s 257«00 10,70 
oe : 40001156 6141.8 

266914 292,00 11412 
«0002208 6396.8 

26.633 370,00 114% 
eto 022 (xd an OOH ang, OD UH AE OD DD HO OR Se OER ey Eg OO 1 THO ND HS RD HH AEE OATS ND Ge HHO SNH fam HH AN OO ea aN SET SE SH aI eaey Se OCR Ted SER OS SD SN ey fo as wee OS ON OO End UY BO OO LI OD 

1608680-05 

256 7020-06 

155379@-06 

2;42420-06 

156734@-06 

13555 20-0 

1655 19@-06 

14 7353@-06 

136 0360-6 

1667220-06 

14 7'C6@-06 

152196@-6 

152958@-06 

857132@-07 

141494006 

7«5155@-07 

9 7142@-07 

152530@-06 

MEAN — GROWTH 

SATNsCH/MINs 

#1323 1402000}, 

61265 —.24386@~05 

31212 1.312@-6 

61133 159288-05 

31027 = 16199@-05 

50948 = 150220-65 

50895 94599@-06 

«0842 150078-G 

30762 8,4388@-06 

«683 7s795@-06 

«629 7s4600-06 

6B te TI00-% 

323 5850-06 

<sO17O 25 7590-06 

30390 2992@-06 

60310 1:36 130-6 

«0256 1,4651@-06 

50176 = 164415@-06
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TABLE: 104 

TEMP:70.0%  CELLsC 
Roms 2 wR Oe ea Oe 

SEED: BATCHE PREPARED 
Sent ne OP IN cay Sey EY OE sO OD Sm ED aa OD Os OO Roe HS OR ED Oy me May ARNT OEE HR ea KD RD GD Mee Ee On Saye HOO<ad ae wD MO ORE OD 

  

CONCNs TOTAL CRYSTAL DIAMETER MEAN 
$M/V TIME MASS — INCREASE AREA 

MINS. (GRAMS) — (cM) cM* 

294930 00000 1.970 
a 30006609 1816.6 

293708 655000 2677 ~ 
é ; 0003397 219454 

29% 154000 .3<11 
ae 7 «0003014 266.8 

293430 23,000 34556 ; 
#0002719 2727.6 

296291 325500 3.99% 
0002484 297854 

294152 395000 45431 
: 0002292 322034 

295012 495000 45867 
; 40002131 3454.6 

28:873 595000 5.302 
60001995 3681.8 

28.734 695000 5.737 
20001877 3902.6 

285594 81.000 65169 
7 s0001T 5 411787 

285454 90,000 65601 ; 
; -¢0003293 4429.0 

2851 110,00 7463 © ; 
a 50001533 473364 

285035 126.00 7.8892 ; 
: : c “0001468 4929.6 

276895 143,00 85319 : 
; 0001409 5122.0 

2786 156500 85746 : 
. 60001355 5310.6 

276615 172500 96171 
#0003789 5674.9 

27619 250,00 10,44 
4 96 30001179 6032.8 

ah 278.00 105 
a cae <0002246 6289.8 

26e77+ 395600 11470 
s0001071 6542.3 

265633 490500 12.11 

RUN NO<$R.E.17 
Rd HOD 28 CL, ED OD A ERD ORD ay SMD HS DM OE OD Oy 

STIRRER SPEED : 2000 RsPsM« 
Pee HS Ho mS OD Ot OG OO PO og OTR OS OD 

GROWTH RATE MEAN 

co 
5 536320-6 

2523830-6 

22091@-06 

1, 76008-06 

254697@-06 

145601@~06 

15 3220-06 

145 189@-6 

162656@~06 

16701 1@=6 

165 7530-0 

120205@~06 

1 50086@-C6 

1.3875@-06 

1. 1987@-0 

&<'78020-07 

150216@~06 

6543 078-07 

5s8012@-07 

SO ee OS nt SD OY OD EH DO ay SED MNS LD He ESD Pn MOND ene OY FN HON AD OO ON Oa MRED HOD EU ans HO) HERD GR AA ee LE OS Hhnen cee ENP-HODaas OD Oe LN 

INITIAL SEED AREA = 1578 EQUILIBRIUM CONCENTRATION = 26,5310 

SUPER = 
SATNs 

«1334 

61265 

#1212 

#1160 

#1107 

«1 G4 

1001 

«23 

«O16 

60316 

60230 

«0150 

GROWTH 
RATE 
CM/MINes 

PR OND HOS DON OO SN OD A EI A OAR DD Area MELON Cd CD MD nt OU OL HR I Gy HO Ue BA Gg AARP ND AMP A GP RD SCENE Coy aE? AOR, 

56 0848-05 

15998265 

16884@~05 

1643 18-05 

15911@-65 

15 1460-05 

1 66@=05 

9695-06 

7s8220=6 

9s8620-06 

85233006 

45790006 

45317@=06 

5200-06 

45236@-06 

2.4290~06 3 

25100-6 

945960-07 

546350-07 
 



CONCNe« 

IM/V 

28 Cad > Seow OOO ay tom FHT Rm am OD LAD LOD GE FE ED SOME Oia Mb a Ce Mes me OY 

296902 

29708 

296569 

29.5430 

295291 

295152 

295012 

28873 

285734 

28.594 

28.454 

28315 

285035 

273895 
27.6 

276615 

274 B 

276335 

2755 

26.774 
FPSO AD 08 Sa OD HE ONT Ot eng GED ME OT EG OE ON oe aD HO Rees oY Ay OR 

TEMP $ 

- 307 - 

TABLE: 105 

70.0¢ CELE: ¢ 

SEED: BATCH E PREPARED 
ae BIR OD oy He MP Odom G2 HS ED ow OS Peay 

RUN NOs R.E.19 
& Core oe Hea a C2 eg Ea Oe me sam Hay Oa EAD SER Hy 

STIRRER SPEED t 2000 RePsMs 
ORE cog OM Oh Rens cm ONO TD GN CTY Od Un, 

S[EVE FRACTION: 89 105 p- 
  

TOTAL CRYSTAL DIAMETER 
TIME 
MINS « 

«00000 

4.50009 

13,000 

25 5000 

34,000 

46-5000 

552000 

676000 

78,000 

88,000 

97.000 

108,00 

134,00 

145.500 

16300 

17900 

195 «00 

212500 

27500 

37500 

MASS 
(GRAMS) 

15980 

26598 

36939 

33478 

35916 

45353 

4.789 
5224 

55658 

6091 

66523 

66954 

75813 

85241 

8;668 

96093 

98517 

F691 

10,78 

1162 

oot 

    

MEAN GROWTH RATE MEAN = GROWTH 
INCREASE AREA — CONSTANT SUPER= RATE © 

(cM) cM” —K(MIN CM") SATNe. CM/MIN« 

800 8N5 179559 TeTH2Q- 51329 43 GO-G 

0003474 214643 261613@-06 941265) 14930805 

50003071 242163 145003@-0 41212 14280805 

«0002763 268454 1.8877@-06 41160 145350-G 

30002519 293763 163565@-G «1107 15-5 

#0002320 318141 16 75490-06 «14  14289@-05 

50002155 341639 152909@-06 <1001 8,49784~06 

40002015 364565 «163945@-06 409438 9415 70-06 

#0001894 3067.67 165324@~06 .085  94471@~06 

60001790 408450 147151@06 0842 9.9430-06 

40001698 4295.0 1.4249@-06 0789 «7160-06 

40003162 460059 142549@-0 40709 6,0808-06 

30001477 490052 1456810-0 40529 64713@-06 

50001417 509385 160077@-6 «G76  369360-06 

#0001363 5283.1 162002-06 4023 4.258@-06 

50001313 546951 162969@-06 «0170 45102@-06 

#0001268 565169 143333@-06 «0416 | 36 729@~06 

40002409 591962 85711@-07 «037 14912@-0 

0002257 6266.5 765519@-07 +0230 14128@-06 

  oa 2 ey 

EQUILIBRIUM CONCENTRATION = 26310 
ed OR ay wen 

INITIAL SEED AREA = 1586 

29 ROS Om
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TABLE: 106 RUN NO«$ R.E.20 
Wd Marg FH) OT cen one Od ty Cm RD 1S Re ty OD OME OD SH tone EH OR PT OND OD COS ey ae ID 

TEMP: 70-0€ CELL: —-STIRRER SPEED: 2500RsPeMs 
Ohm O99 Lot le eres ba ey ome 0 209 og OR Ed ad OS OD TD OD BD OOS Oy DD 

SEED: BATCH E PREPARED = SIEVE FRACTIONS 69-105m 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
WMV TIME = MASS_—sINCREASE AREA = CONSTANT. SUPER RATE 

MINSs (GRAMS) (CM) = CM = K(MIN"CM*) SATNs = CM/MING 
  

"293902 500000 1.967 oe 
: 30005879 17565 652317@-0 41329 5.879@-0 

296708 50000 2, 
eed J 60003492 213567 362581@-G 41265 2;9108~05 

29:569 11.000 35026 
6000308 2410,6 265835@-06 +1212 2,2010-05 

29430 185000 3.465 ~ 

295291 275000 3.903 

28.734 5000 5.653 

2000277} 257365 168954@-06 41160 145420-05 

30009076 327651 3571510 41027 2.4669@-05 

0001901 3595 350713@-0 4085 14901@-6 
283594 95000 6,087 ? 60011016 467356 363239005 +0682 165308~05 276615 000 95117 

60005022 573839 1<7780@-6 «+0390 4,566@~C6 
27555 140500 10,82 — : ; . 

60002925 632153 1.0658@-6 ,0214 1.463006 
26.689 240500 11.91 ony : ee ; : 

: 6 00N042 ol 46010@-0 «01 65 F4@ 
26633 300,00 12;08 — ee bother ae ee 

  SP OD Wd HO HG Haak GHD MO Carey OT OO HG LTD Bay DHL OD A SDD A Quay GAD OD AD OW Sed AOE SD Ges CD HAD GEDA OD aans MM Ere HAD Bed sey ond Sew 

EQUILIBRIUM CONCENTRATION =. 264310 INITIAL SEED AREA = 1576



CONCNs 
“M/V 

22 uO 1 9 09 wae CO Oe OC MERA) OT SOM eng HE eg OOD HOD con UME DERG MHS ON NE LE AE Grey MD EMBED 

29902 

296708 

29 6569 

296430 

295152 

29012 

283873 

28573 

285454 

28.315 

285175 

28,035 

273756 

274615 

2TAB 

276335 

e719) 

ater 

Rat OD ad TO 

SEED: BATCH E PREPARED 

TABLE: 107 

CELELC 

~ 309 - 

SIEVE FRACTIONS 89-105. 

RUN NOs 3R.E.21 
Oy MA SR OU ese Sw OW EBD OO Is OLS Det ty DED OE 

STIRRER SPEED : 2000 RsP.M« 

FR eed oy MVD BOSS WO OH EID HO OO OO 288 MRD OOO ot Gd May HHO HEA my to GME OU Oey oD tne AU Ba OG MD Mey DAY eas CS OO AT SR Ge Os ond OS OHS ND 

TIME 
MINS « 

_ s00000 

70000 

15.000 

24-000 

405000 

47.6000 

59 «000 

635000 

79000 

89,000 

99-;000 

11100 

14200 

160,00 

189-00 

22300 

270500 

TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN . GROWTH 
MASS INCREASE AREA CONSTANT. —s SUPER RATE 

(GRAMS) (CM) = CM —K(MINTCM?), SATNs = CM/MING , 

14938 ak aes SS eee 

2,556 30057 176251 4.51020-6 41329 4.2550-0 

60003531 211260 254710@-06 <1265 © 252070-G 
25997 ee : 

A On See gia, eRe 
aie 215 88-06 «1133 146 748- 

46748 50002348 3144.3 252827806 «154 1,67]0-6 

518 #0002180 337952 1595800-05 %1001 143620-65 

ei es ee ee, soe eRe > 
648s 0003728 393468 149427205 40868 14165@-05 

PE Sion Wa5s2 1558240~06 30789 8,5 760-06 

73% 50001632 W593} 1.6196@-05 40736 8,1620-06 

’ 40001558 466050 143929006 <0683 6193006 

pi 60002925 495167 141525@-06 50603 4<717@-06 

94056 40001375 5237s7 16080'@- 4623 346210-06 

9481 30001324 52257 7<2166@-07 ~<0#70 2,2830-05 

cont 30001278 5601.5 6.7231@-07 0116  15879@-06 - 

ii 50001233 5782:9 5«4104@-07 40363 143128-4 
a 50001191 5958.2 4.8273@-07 £0310 959298-07 

330500 

  

EQUILIBRIUM CONCENTRATION = 26,310 
and 6S Uh CD eee Das MPD gay AED Aha eR Ay 

INITIAL SEED AREA = 1553



= 310 ~ 

CELL:G 

SEED: BATCH E PREPARED 

CONCNs TOTAL CRYSTAL DIAMETER MEAN 
7AMNN = =6TIME = MASS-___—s ENCREASE AREA 

MINSs (GRAMS) (cM) CM* 

293611 ~00000 1,930 
0021360 2453.1 

28,664 64-,000 4.5934 6 ‘ 

60005993 3693 
28.245 84,000 6.240 ~ . % 

) 0001771 413262 
28.10) 93.000 6,673 © 

«0000343 4258.2 
28.077 110,00 6.59 — 

0001340 4360.9 
27965 130,00 7104 

. 000160 454335 
2 6 1 0,00 * 3 q 

ow _—_ s000H}29 4934-54 
27s4G 175<00 8,826 

60002676 5409.4 
27612 208,00 9.681 ~ , 
  

OND 3 60 ond FES Oh AND ENY AN MEY 5G MOET teoee 

EQUILIBRIUM CONCENTRATION = 264310 
LO OO OE DOD OND TIO Co 

RUN NOs ?R.E.23 

Oe 8 AN EDD CR aee ED oe ok OO OE oe CE 

SIEVE FRACTION? 89-1054 
8D BR OPE OR ey eB HA Beery Heat OTD THE Dens OD CMON GI ee GAS EHR Med PED OM ERy OE Remy OME TE HD HE OD TO OD Oe OND Oy, MD OS OEE HOME OY OD St aD OS wD 

GROWTH RATE 

KCI CH) 

2415300-06 

2565 190-06 

2..0153@-06 

2616808-07 

7s#96 08-07 

9.715 1@-07 

2563140-06 

1s6566@~06 

deny ane HED 62 Eg Aah OD Owe PHD ne O89 O09 Be BO eq 

STIRRER SPEED $2000 RsPsMs 

MEAN 
SUPER= 

SATNs 

50496 

50363 

GROWTH 

coi 

14669@-05 

154980-05 

9.8410~6 

1. 009@~06 

33349006 

4 0120~06 

8; 90-% 

455 4@-06 

  
sy 

INITIAL SEED AREA = 1546
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TABLE 3 109 RUN NOs: R.E.24 
© 62.608 8 og OT Ost eg Dom aD MD ED 100 68 a ene tne HO OOD De Eatery OO SD 

TEMP: 70.00  CELL:@  STIRRER SPEED: 2.000 RePaMte 
‘Semen one Spemegme 2 Sond OD ene OP OT OR Ow RG AE OE CORED 

SEED: BATCH E PREPARED SIEVE FRACTION? 89-105». 
28 Gee HD OHO AS EL? HP OF ED BO OE DG ONS DMC GSR BE OCR HT OD US EB OS OI ONS OM OD ag THAT OS ET OE ME LE oe OD UT he Ong Keg CDM ey AY KD 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
iM/V TIME = MASS_——sINCREASE AREA CONSTANT. SUPER= RATE 

MINSs (GRAMS) (CM) CM ~—K(MIN“CM7) SATNs = CM/MINS 

5005968 175958 642223@-06 41350 5.+9680-6 

30003537 210969 3«8916@-06 4128 3.53 70-G 

#0003123 2384.5 2.5664@-05 51234  252308-05 

«0002807 264752 251145@-06 41181 1, 4@-G 
295346 25,5000 35873 , ; 

: #0002557 289956 167971@-0 41128 1.44210-G 

90002354 3142.9 1656680-06 107 1s177@-G 

60004035 3479.8 148123@-06 40998 14261@-65 

0001932 380548 1467968~-06 40921 14073@-0 

50003559 4128;0 143897@-05 0842  8,0890-06 

#0003222 U5hish 142249@-06 50736 65196@-06 

30004347 503149 683 7490-07 30603 246190~0 

40008560 594157 3<007M@-05 50336 64114006 

296207 34.000 4,311 

295068 ‘4,000 4.748 

28,803 605000 5.577 

285664 695000 6,012 

28538 91.000 6,880 

28510) 117600 7574 

2768 200500 95036 

  
28D 8 EM AE CED AEN CE OO EI ATE OR ODED OF OUs BD a re! Oe) ED A OED Bed ey NOD BR 1D SD OU oA ee een OO CEP te Chan OR 

EQUILIBRIUM CONCENTRATION =. 264310. ANITIAL SEED AREA = 1550
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RUN NOs? R.E.25 
0 rings SHO OFS MoM Oey OOP ND OD aay ME Pee ong at Ba 

TABLE: 110 

TEMP 3 70.0°C 

_ SEED: BATCHE PREPARED 
  

8 ag OOM ong CAS Oe A 

0 ee OD FF Gag BO HD OE MD gy ng SIE OM OF EE ae BD SN OD 

  

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
“MV TIME = MASS_~—sSENCREASE «AREA — CONSTANT SUPER= RATE ~ 

MINS (GRAMS) — (CM) cM = K(MIN“CM"})—s SATNs CM/MIN« 

295763 00000. 1,962 : 
f 4000888 178163 4.6490@-06 <1276 4.206@-05 

295569 7;0000 2,580 : : 
0003496 213162 250155@-6 <1212 1.7480-6 

293430 17.000 3,020 
40003089 2405.7 261064@-06 51160 1.4716@-6 

29291 26;000 35459 ; 
; 0002778 2668.4 147918@-% 1107 15389@-05 

295152 365000 3,897 : 
«0002531 292067 167202@-0 <164 142660-6 

295012 465000 45333 : s 
40002331 316359 1.5209@-G -~1001 150600-6 

285873 57000 4.769 : ; 
60002164 339952 1.:6451@-6 <0948 1,0820@-65 

28534 675000 5<204 ; : 
; 0002023 3627.3 1s484@- 50895 9 9+1970@-6 

28.594 78.000 5.637 — 
; s0001902 3848.9 1:48900-06 ~0882  8.646@e-6 

285454 895000 65070 ~ : 
oe 0001797 4064.7 16507@-06 .<0789 8;167@-06 

285315 100,00 63502 : 
; : 30001704 4275s1 16206 7@-0 50736 6500-6 

285175 114,00 65932 © : 
: 50001622 44805 1624182-06 50683 5.5791@-6 

255035 128,00 ° 7.362 : ; ; 
: ; “0001547 468164 7.5231@-07 <«29 3<224@-06 

276595 152500 7s790 ; : ; 
: «0001481 487759 940189@-07 <0 76 3.5260-6 

276750. 173500: 82T7 
, 30001421 507054 151817@-6 +623 4.179@-06 

273615 190,00 8.642 
. ; 50001366 525952 151988@-G <O170 3.79% @-6 

2764 208500 9567 ~ ae ne 
0001315 544.5 7.3531@-07 «0416 2505@-06 

276335 240500 95490 
: : 50001268 562653 443561@-07 «0363 14,0 7@-6 

276195 300500 9.911 : : 
SP IN ewe CD 0 ony OC OT Ser gy HD Md LAD HED OOD ND ORE OAT GG te LOND Me SG     

EQUILIBRIUM CONCENTRATION = 26,310 INITIAL SEED AREA = 

28 18 Oe 8 kes 20 OD Ae TD Oe 

1572



SEED: BATCH E PREPARED 
Mem HO MT ng CDE TA ae Ch SD AM eTe KI OI LAY WT EM GO AD BED LNT MOD TS Gd OM GAP HD LOE ID Ean BM Gk AS my WED me case HOY Nene REE OG OD OTR Ge OOD EE OD 

TABLE’ 111 
leo WS mem KE Re EMO EE OT 

TEMP :70.0°C CEL ie C 

eds a 

RUN NO-«s R.E.26 

SO Ae 06 Caer PROG com HT SOD yey OG DOS AN UR toe EAE OND 

STIRRER SPEED :2000 RePsM. 
89 ad OO 8 OR Obey DGG FO OR ase oe 

SIEVE FRACTION? 89-105. 

  

  

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
iM/V ~~ TIME MASS — [INCREASE AREA CONSTANT SUPER= RATE 

MINSs (GRAMS) — (cM) CM™ = K(MIN“CM") = SATNs = CM/MIN 

29«708 ~00000 15953 
: ; ; 60004359 171567 660835@-06 41265 5. )190-05 

295569 %;000C 2.394 — ; 
: 0003710 201050 254098@-0 41212 2;0610-6 

296430 13,000 2,834 — ; : ' 
: #0003248 2289:7 1.69918@-G «1160 1.624@-6 

295291 235000 35274 : : . 
: §0005536 268234 167407@-0 51080 = 153180-0 

296012 5000 4.150 : 
; : 0002412 305957 1692220-0 51001 153408-6 

283873 53000 458% ~ : : 
é ; 0004319 341135 166079@-0 +0921 1,0280-05 

285594 74s000 55456 : 
: «0013193 WGOs4 163711@-6 +0656 5.997@~6 

274% 184500 8.912 ; ; 
40001336 5370s7 949389@-07 «0116 2,7820~06 

276335 208500 94335 
50001287 5553.6 8.2746@-07 «0363 2,011@-6 

275195 240500 9:58 — . 7 
0001243 57332 8,60002-07 +0310 1.776@-6 

27665 275.00 10,18 : 
«0001200 590957 5.«4362@-07 40256 9.4234@-07 

265914 340;00 10:60 
. ; 0001160 608259 5.79602-07 +0203 7%'34@-07 

2677+ 41500 11.02 

EQUILIBRIUM CONCENTRATION = 26.310 INITIAL SEED AREA = 1565



Aah 

RUN NOs R.E.27 

    

TABLE : 112 

TEMP:70-0°C CELL: C_~— STIRRER SPEED 22000 RisPsMs 

SEED: BATCH EB PREPARED SIEVE FRACTION? 89-105 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN — GROWTH 
iM = TIME = MASS-_~—sINCREASE AREA = CONSTANT. ~—- SUPER= RATE 

MINS (GRAMS) — (CM) CM K(MINCM”)  SATNs = CM/MIN« 

336294 <00000 1,960 
0049731 4405.8 6.9080@-0 +1973 1505 1@-0} 

29708 235679 13872 
: «0001946 740156 352208@-6 41239 257180=05 

293430 2786250 14.57 5 
. : 0005370 802352 2.3200@-G <1027 14603@-G 

28.594 45000 17512 © 
30000828 85852 4.20920@-06 0812 2.3650-G 

285454 550 17654 | Peet 
; 7 30000812 8704;7 164731@-0  <078& 7: 7330-6 

285315 51000 17395 © a ee : 
: : 0000797 831987 1:6322@-0 50/36 7.970@-6 

285175 566000 18537 
; «0000783 8993.3 165747@-6 <083 75115@-06 

28.0385 61.500 18.79 ~ ; | 
; ; | 40001525 920558 166014@-6 +0603 64354@-0 

27sF6 73500 19.62 : 
: «0000743 941652 166642@-06 +0523 55713@-6 

273615 80,000 20,03 ¥ : , 
40000730 955456 143197@-6 <O%70 4:0 70-6 

274% 89<000 20544 ; 
#0000718 969157 151015@-G <0416 2,993@-0 

275335 101,00 20:55 
30000707 982765 1415102-06 +0363 2.7180-6 

276195 114500 21,26 © . 
50000695 996251 8:2489@-07 0310 1.655@-06 

2765 135600 21:67 : 
0000684 10095 852738@-07 +0256 1.43680- 

26914 160;00 22,08 : 
(BH ar GRO SRE BM SEE OD omy CTS OY A OO CHD LO LD ED 9 HHS OE OME Ok BO Go TD aD FAD IE Derg OR THD ED ED OE OED BG WHO cag TED OR RG ST ENO OT Ore EM mt LD reat Seay HS ey A Ooh AONE EOD MAN ORG KD AO OTR OD SP SO Gd eng TH OD OD TI Ora DCT Oe 

EQUILIBRIUM CONCENTRATION = 26.310 INITIAL SEED AREA = 1570
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TABLE? 113 
a 1d Pe Oa ene SD ag ID mE OG 

TEMP:60.0°C CELL: ¢ 
“ae og eet OG On 80 ot ON 

SEED: BATCH E PREPARED 
a AD HE 8 Og PS HD OG AON BH BG BL Oy Ba HALE EME RAS OND OD BHO ERY Des ts Sed A OND SD OE) A Ne PN A Ar EN mY OP Sd YD EMO AM ng SY OAR A SNE AD OR HED 

RUN NOs: R.E.28 
Bh wee FOE Od oa Baie SY ad Weed ed HO ER Oy DOD CHO 

STIRRER SPEED 22000 RsPeMs 
on oe gap OOS eng OD OE SO tre wd OS eae Be 

SIEVE FRACTION? 89-105 

GROWTH 

  
  

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN 
@/V TIME MASS INCREASE AREA CONSTANT SUPER~ RATE 

MINSs (GRAMS) — (CM) CM™  K(MIN'CM") = SATNs = CM/MINe 

27.623 -s00000 15%60 
50021265 2486.2 1625220@-0 «3446 2,363@-04 

265650 4.5000 4,992 he ? 
E 0003988 3623.2 4,8603@-0 +3136 7«976@-05 

266371 70000 5.645 
«0003549 442 4.5486@-06 +2998 7.099@-G 

26092 955000 6,69 
60006163 465759 462631@-06 ~2791 66163@-0 

253534 14.500 85390 
0002715 523750 2.9291@-6 + .2583 348790-6 

255254 18,000 95230 
0001284 551234 2.5387@-6 «2479 34211@-G 

255114 20,000 9.648 
0001242 569153 2.02480-0 2409 2;4840-6 

24974 225500 10,07 , 
0001202 586754 148395@-0 <2340 24186@- 

24-5834 255250 10:48 : 
40001165 604058 2,2517@-G «2271 245908-0 

24693 276500 10590 
«0002233 629552 262671@-6 +2166 2:4810-6 

245413 32,000 143 
0002112 6627.6 2.0734@-06 +2027 241120-6 

245132 372000 12.56 
; 0001014 68718 163184@-06 +1923 142688-05 

23«991 415000 12397 ; 
7 ! «0000990 703163 147835@-06 +183 146490-0 

23580 44,000 13.38 — es 
; 50001912 726635 163735@-6 1748 1419@-G 

233569 525000 14,20 | : 
50000923 7498.9 9.415@-07 «1644  7.688@-06 

23428 585000 14.61 , | 
: 30000903 765140 141603@-06 <157  96026@-06 

235287 635000 15.02 : , 
0000884 7801.5 143239@-0 «150%  94817@-06 

235146 67.500 I5s42 . 7 ) 
5000085 7903 167526@-06 «1434 1423600 

23006 715000 15483 
«0000838 8097.6 1.4077@-06 41364  944230-06 

22,864 75.500 16.24



= S16 tm 

TABLE :113(CONTDs) RUN NOs 3 R.E.24 CONTO«)} 
  

CONCNs TOTAL CRYSTAL DIAMETER MEAN 
TIME 

MINS « 
aN 

Cd OB md <P OD WUD BA PCN MM CC Es Oey Cer em as Mes MS OS OG OE UE ES ed ey OR PE OD CE OS HO 8 ERS ow HO MO OO OHH Od Bene 

22,864 

22% [22 

1585 00 

82,000 

223581 88,000 

22440 95.000 

103,50 

116.50 

22298 

225157 

225015 126,500 

215873 137600 

163,00 

185.00 

215.00 

215590 

21448 

21436 

214164 240,00 

215021 270.00 21.44 
8 AS Leo 

EQUILIBRIUM CONCENTRATION = 20;181 

(Rav) 
16:24 

1664 

ITs 

17845 

1785 
18625 

18566 

19506 

198 

20525 

20.65 

2165 

INCREASE 
(cM) 

0000832 

=0000816 

«0000801 

50000786 

0000772 

= 0000759 

«0000746 

0001456 

«0000710 

#0000699 

«0000689 

#200677 

AREA 
GM z 

824354 

838757 
3056 

867261 

881253 

8951-62 

908859 

9292.7 

9457 

962766 

975965 

9890.2 

GROWTH RATE GROWTH 

  

MEAN 
CONSTANT SUPER= RATE 
K(MIN CM?) = SATNs — CM/MINe 

1;0097@-06 +1294  6.397@-06 

151371@- 51224 6,7980-6 

1,0171@-6 31154 5. 719@-06 

8s7769@-07 «1084 = 44.6250-06 

650415@-07 «1014 259700-6 

8:7493@-07 <O944 3..994@-06 
8;0446@-07 50874 3.4391@-6 

75942007 «0768 256008-6 

560853@-07 «0663-166 140-06 

4511 768-07 ‘ G92 15 1660-6 

s5304@-07 322 13 77-0 

5 626810-07 <OH2 14129@-06 

INITIAL SEED AREA = 1570 
Kt FU ome aay OR OM ers OO



«S17. * 

0 ap OME OO SUE ED enh OOS HD OO MO ay me OE ye MEE MH ERA A OT ng SOE Om Oe any SED OF IND 

TEMP:60.0°C CELL: C  STIRRER SPEED :2000 RsP.Ms 
oer OOF wD OD 9 Oe EE ey oe oe Rd ERY oy On ST OW Oe ms SH OD 

SEED: BATCH E PREPARED SIEVE FRACTION: 89-105 ps. 
fee oe Bee ep 8 ED Lk ON Od ON eet OND OF SL OD SY NN cm OS EN A AE Mn HD A EM OR LD ND a EY FP ey Oy ONO AND en SED oes POD omy SP 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN — GROWTH 
i/V TIME MASS INCREASE AREA CONSTANT, SUPER= RATE 

MINSs« (GRAMS) (cM) CM* K(MIN'CM’) SATNe CM/MIN. 

ie ee ee ee ee es ee 
t 5005717 17946 145367@-G 349  24890-04 

271 17,0000 2.58 
Weise a2 60003412 213767 1625920 43412 24274@-04 

265998 147500 3.019 

26389 257500 3449 

263719 356700 33878 

26580 455000 45306 

26-441 5.5000 45733 

265302 65000 5%160 

«0003022 207.4 85631@-06 43343. 16511@-0} 

0002724 266537 8:5873@-0 3274 1.4800-0} 

«000248 2914.2 8589900-05 43206 14498@-0} 

0002293 315359 6.978@-06 43136 =: 1 146@-04 

30002131 336650 6,465008-0 3067 160660-0} 

30001994 361162 5645500-0 +2998 8.5220-05 

40001876 3830.2 5570620-06 «2929  8.6870-0 

50001774 4013.6 5.53882-06 4280  8,52120-6 

26<162 756700 535% 

265023 857500 6,010 

25883 958300 64434 

BHeT3 116250 667 

252604 12.500 7s279 

253464 145250 7<700 

«0001684 425148 441079@-06 42791 «9280-0 

0001604 Wi55s2 4656920-06 52721 654140-G 

40001532 4654.3 3<2074@-6 52652 4.377@-6 

50001467 4849.3 3689772-6 +2583 5+167@-05 
255324 15.670 &.121 
g ce <0001409 50405 346500-06 <2514 A459e-G 

25618) 176250 8.541 
0001356 5228.1 351033@-06 «24h 3.874@-05 

255 O14 19000 8.959 
#0001307 5412.4 257011@-6 4237) 342680-6 

0001263 559366 2.6937@- +236 3.41580-0 

40001221 5771«9 266931@-06 42236 3. 30-G 

«0002332 6033.2 2:,8600-6 42132 3.109@-6 

50001114 6290.6 366397@-6 42027 35 712@-05 

50001082 6458.4 351484-06 61998 3.093@=05 

245904 215000 9.378 

24.764 235000 957% 

24.623 25.000 10.21 

245343 28.750 11,04 

24.202 305250 11646 

24.061 325000 11.87



TABLE 114 (CONTD.) 
SCR eat 0 ee ene A OO ee ay to RO ca fe ee ad wn 

CONCNs TOTAL CRYSTAL DIAMETER Mean 

aM/V TIME 
MINS « 

RUN NO«?R.E.2X CONTDs) 

GROWTH RATE MEAN 

- 318 - 

GROWTH 

mw ow eters Oe OR ee OO am Bek ang Fe Oe On ee ee Se on ON ED SO MONEE RY Mee BaD ee OAD OD SS OND OO LN OAD OHS ORD AP On no pay SAd ONO Gas OE MEDD END Eat ORD GAD EA Ow ER ony ONO WM OOD Hee End HS STOR, 

24061 

23921 

23 780 

235639 

23498 

234358 

23508 

225934 

220193 

22.652 

22510 

225369 

225227 

22;; 086 

215802 

216661 

215519 

21.377 

215235 

214093 

205950 

205808 

8 6d Ot cry 9 ODay HG GH HN gag EH OD mE Ome 

325000 

35000 

38,000 

40,500 

44.500 

48,000 

56500 

61,000 

68.500 

72: 000 

785000 

&6 500 

93 5 00 

100, 00 

1205 00 

134.00 

150500 

170500 

192500 

215.00 

2405.00 

2.00 

  

MASS INCREASE AREA — CONSTANT 
(GRAMS) — (CM) cM? = K(MEN™CM”) 

11687 

6000163 6623.9 1.85 72-% 
12328 

40001026 6787«1 148836006 
1269 

40001000 694853 2429720-0 
13410 
oe, «0000976 710734 1s4628@-06 
385 ; 

60000953 7264.5 146 7075@-05 
3592 

i 20001843 749653 1.45960~06 

# 50000891 7725«4 144383@-06 
15615 
2 50000872 78554 83915 72-07 
15< 
ae <0000854 8023.9 13980)@~06 
56 

5 ; 40000837 8170.8 1520200-C6 
1653 
68 -0000821 831651 858634@~-07 

165 
000086) 8460,0 151293@-6 

171 
a 0000790 8602s4 1,.2825@-4 

ite 

oe 50001538 881361 9%1410@-07 
1053 

Z * 0000748 902157 7«24820-07 
10s 

" «0000736 9158.7 65;8811@-07 

1961 
‘ «0000723 9294.5 6403680-07 

19 56 
, 50000711 942930 650978@~07 

19 
vi <0000699 956253 $5893@-07 

20535 
50000688 9694.4 6499%C-07 

20. 
a 2000676 982561 46261@-07 

eat 
50000664 99545 36964@-07 

ON = 20.181 EQUILIBRIUM CONCENTRATIO 

Satis” eWMINs 
61888 16 5O-G 

«1818 = 15710@-05 

31748 2,,0000=05 

31679 16220805 

31609 16361-05 

«150 = 1, 084@-G5 

51399 94895@-06 

01329 56812@-06 

31259 16220@-05 

«1189 65974@-06 

«1119 4,827@-06 

1019 5.7 08-06 

30979 6 s077@-6 

«0874  3,845@-06 

20768 246 730-6 

+698 252990-6 

«628  158080-06 

+557 1:6160-06 

«0487 145200-06 

50116 = 143 760-06 

646 745 68-07 

5027 6 743@-07 

noes Os #50 fey © wt 008 Remon aap 89 DH CN 5 ER EY CLD KE eh Ione SHO aN ORD GEM OS ~ 

INITJAL SEED AREA = 1589



2 OD OD we I OO 

TEMP :60.0°C . 
0 8 Beg 8 

- 319 ~ 

7 CREE SES 

SEED: BATCH E PREPARED 
eS ey A Pa OO Uae EO ey OO ay A ED ny HE BU OD He EO Oe a Sy Gag SP ORD AO HO COO el NP DE tp BN LG OR Hn, AD 

    

TOTAL. CRYSTAL DIAMETER . MEAN 
TIME MASS —-[NCREASE AREA 
MINS. (GRAMS) (CM) CM™ 

00000 1972. . ie 
: 30006483 11290 
50000 240% © Sa 

«0005619 1299.4 
140{00 “20035 

«0001982 1462.3 
3.0000 35265 

s000}491 161835 
45000 3.695 

: 0007892 1840.5 
642500 4.552 | 

0003515 205.2 
752500 4.979 

«0003290 2191.8 
950000 5.465 

50003095 2324.6 
10.250 5.830 ~ 

0002926 2454.1 
113500 64255 ; 
é 0010404 2760.9 
16350 7«%0 
2 Ae 3000563 31178 

19670 6.790 © , 
7? ul? 20001240 334252 

235000 9.628 

#0003965 35591 
262500 10-46 

: * 500521 3820.2 
ehO WME 

ee : 40001735 4024.6 
3450 12612 

5 30901690 412339 
5000 1253 

a i ~0001648 4221.8 
40500 12:94 ~ 

‘ 0001608 4318.6 
425000 13335 ~ 

60001570 4.1 
45.000 13.76 © ; 

Peg VO ont Oe 

RUN NOs: R.E.30 

2d ed OE AO FN ng RN 

CW At pg OO OE Ie meg OO Og HE Od ON ee COE OD ome 

GROWTH 

  

-. GROWTH RATE . MEAN. 

ity SE 
33372-53550 6.48;0-08 
1,3009@-05 43481 = 2401-0} 

1:03800-6 3412 1.873@-0} 

844913005 .3343.—«1.497@-04 

1.32210-05 43240 25255004 

1.0709@-0) 431361475800} 

5287060-056 43067 943990-05 
7693190-0 42998 1.2380-0}} 

7e6948@-06 42929 = 141700-04 

6.9377O- — 427H6 —-9.49090-G 

581978-6 2548 7s6G0-G 
53H G0-06 52409 645220-O 

459149@-05 42271 5 s665@-05 

4.17290-06 +2097 4170-6 

14208806 3198  4.3390-05 

3497870-05 «1888 3660-05 
2.59560@~06 1818 24354005 

6.16020-0 41748 5359005 

361403@-06 +1679 5 6160-0



TIME 
MINS« 

200 6 0 AN SD EHR Oh OO SO Be) Rey OOF NE Ng HS AM AN ny AD EN TD CUE AD A OS ch EA SH OHS Seas MF Meng OS Mae OO Daag OD Les AS UE OD Od OM Gey HY A ONE OS HD OND to Ae OE TH OD ans TE HP ew aay eng HO Met OS HO OM cy OD 

45,000 

4855 00 

525000 

6055 00 

65-5000 

693250 

83.5000 

895000 

98.000 

109500 

119.00 

147.00 

180.00 

19300 

225 «00 

260; 00 

30000 

20.523 4430.00 
2D GS OM eh Sk AD OD A sy KD BD EN Oe SE ND SD A Pd I OM aD OP a PRE ITT OY OT ay TD each HS OTIS OO ny PN I Rg FORD any SE Sond Gnd TR SP ORY OP OD A PD EA ied OL WV yD BD OP Wage tow MD wes Ges TO OO om MOO eS OO 

MASS 
(GRAMS) 

13676 

14.17 

14.58 

15639 

15 «80 

16620 

17-01 

176441 

17581 

18.22 

18.61 

19:41 

20,20 

20.60 

20599 

21.38 

21678 

22516 

a. 920 « 

; TOTAL CRYSTAL DIAMETER 
| NCREASE 

(cM) 

<¢001534 

00015 00 

0002907 

0001407 

2 0001380 

0002680 

0001 3 02 

«0001278 

0001255 

40001233 

0002),04 

#000232 

50001133 

60001115 

0001057 

«0001 080 

50001059 

MEAN 
AREA 
cCM= 

EQUILIBRIUM CONCENTRATION = 206181. 

RUN NOs :R.E.30( CONTD«) 
8 od ng Oat FE SO PE One ney OR ONS CON At pa sneg Eh ry A AD OH NG OA DME OE Se peep GO DT ny SO ES ES ON ON Ot OO me EY OD OD OL ODS 

GROWTH RATE 
CONSTANT. 
K(MIN CM?) 

25H 128-6 

2:581930-6 

2542250~C6 

2.40010-06 

24635 70-06 

16734 7@~06 

251320806 

14995 @~-6 

1430160-06 

1.5 2080-06 

16225 30-06 

162534@-06 

1589190~06 

85876 72-07 

9365 710-07 
1. 5Q~06 

463 1370-07 

2519105 

25 1420-65 

16710005 

145630-6 

1623@~05 

9s 77-06 

15085}@-05 

Ts 0990-6 

5 /Be- 

6. 163@-06 

2930-06 

345220-06 

45359006 © 
16 7420-06 

1456 7@-06 

163490-06 

4 075@-07 

INITIAL SEED AREA = 1042



25 568 

26213 
0 Ord 2 pre Ea OD HI BRS Gad AE EMR LG HE Oey TEE TD ON CP eag HY OAD WO SN GD AD OD Kees PDNG WE WA AAD SI LED OF TA Gey He SP Rae SR ee HOD wR Sega SHED 2 OO. auh (eH Bi BED OP DUTY OED ED teree Meng SRO MB SO 

- 321 - 

TABLE: 116 
8 66 SS ore OG oy ES ED 

CELL:¢ 

SEED: BATCH P.E.PREPARED SIEVE 

RUN NOs sR.P.BY 

8g WE Oy Oa Bad TD OMB egg A ED Bea TN CO, 

Os SO Ook ON Ed OED RR ry ON ENE a SEDO BD OAR SD 

  ore 9 oor 

; TOTAL CRYSTAL DIAMETER MEAN 
TIME MASS INCREASE AREA 
MINSs (GRAMS) = (CM) cM* 

00000 1.95 
: «0005633 110856 

165000 25326 
30006118 1272.3 

8;0000 2.7% ! 
0005363 1446.3 

22,000 35243 . 
20004793 1612.4 

-, OOO ee 00 : 

a 50004347 177168 
485000 45155 

40011130 2069,0 
98,000 5.513 

50003222 235667 
114,00 5.961 

0003036 291.9 

50002870 2623.5 
17500 6,853 

0002724 27148 
215.00 76296 

50002594 287740 
259400 7s 737 

s0002K77 29992 
300,00 8.176 ‘ 

0002359 3118, 
460500 85611 : 

EQUILIBRIUM CONCENTRATION = 26771 

GROWTH RATE 

KM INCH?) 

267 0740-G 

Ts 1674@~06 

351114@-06 

267 194@-6 

3569 720-06 

2.45 24@-06 

2:6834@-6 

2<1510@-6 

1-.2086@-06 

163197@-6 

14771@-06 

135 180@-~06 

5«1691@-07 

MEAN 
SUPER= 
SATNe 

30352 

30292 

60232 

1.915@-6 

14598205 

169 760-05 

15113@-6 

1, 0078-05 

1s2280-6 

3258086 

3.4050-6 

352430-06 

2. 720-6 

763 72@-07 

INITIAL SEED AREA = 1034



~ 322 = 

TABLE: 117 RUN NOws R.E.31 

TEMP:70.0C  CELLsc STIRRER SPEED 3 2000 RePeMe 
2 ed oe OR a mes os oy OD 28 Ee 29 OP Be PD ey Sat Os OXI OE RD OD 

SEED: BATCH E PREPARED SIEVE FRACTION: 289-105) 
50 Ce tay SOR OY OD GY ON HOR La EES HKD MD GHD GOR AS ee neg HER MS OR Gey AY Gey HD ME ONG BE I Coe AT ED aE eS om END DD Re HD He Hy SE Coe Ned OD OD OOO eh BAD ory ED 

CONCNe TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
aMN TIME MASS INCREASE AREA CONSTANT SUPER= RATE 

MINS« (GRAMS) (cM) CM* —K(MIN-CM*) = SATNs = CM/MINe 

60004361 171469 6.0863@-06 41265 5345 20-05 

«0003711 200962 169724@-06 51212  14687@-0 

60003249 2288.8 1356606@-06 «1160 14354@-6 

0002902 2555s7 167007@=-0 41107 16319@~05 

20002631 2811.7 15789@-06 «14 1.315@- 

60002413 306581 185 7350-0 «1001 1.0970-6 

0004320 30969 1876 70-6 4021 142000- 

60001953 375160 1.6806@-0 0842 9.764@-6 

0001841 39688 1.54200-06 .078  853690~6 

20001743 «418150 154395@-06 06 7s264@-06 

30001657 4388;0 1.43655@-0 40683 6.4373@-6 

«0001580 4590.4 9.6912@-07 +629 4415 7@-06 

50001510 4788.3 9.6471@-07 sO 3«7H@-G 

5000148 498252 157037@-06 3523 6.40320-C6 

60001391 5172.2 1.2190@-0 <O170 3.0630-06 

59001339 5358s7 1632820- <O116  347190-06 

60001290 5541.7 8.04520-07 0363 26150@-06 

s00012N6 572165 Te54GHO-07 +0310 1455 72-06 

«0001203 589851 559008@-07 «0256 1,50020-6 
266914 340,00 10557 

© 0 wea om nena Pu on era C4 aon 28 aa coe A can OO, sm eae ES we NE Oe EA sh OO SE DOU A POO og Oe S08 nO Ok Oe ay 

EQUILIBRIUM CONCENTRATION = 26 6310 INITIAL SEED AREA = 1564 
 



«3303-6 

TABLE: 118 

TEMP 330.0°C 
fou wo om oe 

8 EM aed tare Oc GE TD OO HE OV OD 

CELLS: C 

RUN NOs R.P.E.10 

Fee OR ON EM 298 G00 Gok OD 

ee Om gg OG HA PT A BA aR ee PAD HD OMA DD OD om 

SEED: BATCH P.E.PREPARED S{EVE FRACTION: 89-105 p. 
Ce ery 

CONCNs 

MN TIME 
MINS« 

MASS 
(GRAMS) 

TOTAL CRYSTAL DIAMETER MEAN 
INCREASE AREA 

(cM) CM? 

ined OS AY EL AM RE DONG my SG OE (aD OO Oey OP 

GROWTH RATE MEAN 
CONSTANT, 
K(MIN CM) 

SUPER= 
SATNe 

GROWTH 
RATE 
CM/MI Nes 

eet NO ON ey LD ag OO Ot OA ay OY OE Moy AS A sO aD Ot HS OE ed HY SR AP ON TD CD PO AN oy NF ON oa SN an, SE OD St HN CR AORIeRD AH nw Ten NS OO Ma ek CA HAD OW Od tg BD dees HO OO et ony SoG MO BOD 

11<241  1,0000 

11100 

10.959 

10.000 

156 000 

10.678 20,000 

10.396 22,000 

105114 234300 

945487 24.000 

962658 24.500 

Gs8409 25515C 

854154 265000 

81314 275300 

759892 28.500 
CS SS ia Oe BO BED ONE Mss HD OA FR Gg COD Oe Ong BD 

15991 

45760 

56140 

5 3518 

5 «89% 

6627 

[3027 

76778 

F627 

10502 

11613 

12823 

12697 

13633 

«003 0836 

«0003 028 

«000286 0 

«0002712 

«0002581 

0001830 

O00}447 

‘ OU08007 

«0003629 

«0905079 

60001703 

6 0002953 

«0001427 

BO one 

1555 04 

211959 

2204 

2358.0 

247361 

264054 

255753 

3166.44 

3465 «8 

3702.8 

397561 

4200.6 

4330.8 

EQUILIBRIUM CONCENTRATION = 7.9040 

15701 02-0} 

2525 708-6 

4501902~06 

8,0009@-06 

8,01 03@-06 

2..02920-G5 

3s23480~0 

1.3324@-0} 

1, 0893@-04 

1655390~04 

1579-04 

1.4842@-0} 

15886 80-0} 

34861 

+4133 

©3959 

“TTT 

63598 

+3331 

«2974 

62438 

#1902 

6 54 

0916 

50167 
60198 

we ant ag Oot 

145 420-03 

1.6820~05 

2.66 02-05 

5 24@~O5 

5 «1630-G 

15207@-04 

16711@-O} 

55 719@-0% 

38629@-0} 

3907@-01 

2. 7672-08 

1 «1362-04 

5695-5 

Aa BO ey 

INITIAL SEED AREA = 1052



5000643) 

0006 293 

TEMP 60.0°C 
‘m8 es ey oe 

- SEED: BATCH E PREPARED 

TIME 
MINS « 

15 «000 

MASS: 
( GRAMS) 

55106 

195000 64033 

205500 

225 000 

235250 

25 «000 

27000 

29's 000 

316250 

335 00 

35% 750 

38.000 

40,000 

42575 0 

654 

6687 

162 

Tet 

85132 

83550 

8.967 

96382 

96197 

10521 

10.62 

1160} 

CELL: ¢ 

INCREASE 
(cM) 

40005 134 

0008237 

0003447 

§0003 134 

«0002882 

6 00026 73 

«0002498 

«00045 70 

50002103 

«0002002 

60001912 

0001830 

50001757 

50001690 

«0001629 

«00015 73 

0001521 

000147} 

0001429. 

«0001388 

“RUN NOs 2R.B.32 

20 eg ORO MD Le OP OE eg RE ORE OD ore 

8 OD O00 Cid ol Ded OD eh $M EO BEN ES Ck cd MD SO 

STIRRER- SPEED 32000 RsPsMs 

SIEVE FRACTIONS 89-105, 
Mere 0 am OO cy SOP Cay BS OM My, AIO pH Ye ey OE TY ey TE Oar SOG OG SOW RS HP BSNS adh A i Meng HN Sd ed BO OD Eng me OO ef 

; TOTAL CRYSTAL DIAMETER MEAN 
AREA 
cM~ 

911.432 

1161.8 

141965 

176962 

209987 

2304.53 

20089 

269053 

2873.66 
3136.8 

339269 

395 [62 

371766 

387456 

402854 

417962 
432762 

Wh 72 65 
1615 34 

15569 
189452 

503085 

= 324 « 

GROWTH 

  

GROWTH RATE MEAN 

(INO) SATNe C/N 

1<73260-05 43493 3s2170-08 

161536@-05 3431 25098@-0} 

8s2634@-06 43362 146 70-04 

7698820-0 43258 = 14373@-04 

6695700-0 943155 14149@-04 

648460=06 630% = 1. 045-0} 

5 62417@-06 53017 8:233@-05 

5682120-0 «2947 84911@-G 

535840@-0 +2878 8:3260-G 

3698120-0 = s2TTA 45:5 7130-G 

5e1G90-05 52670 75 0098-05 

5500280-0 2601 6,;6720-6 

Fe9019O-C6 42531 75646 -O 
451633@~06 +2462 542308-05 

3s60760-06 42392 = 443930-0 

345835@-06 42323 4,226@-G 

351731@-06 = 52253 34621@-5 

3516950-0 «2184 3,54960-5 

361743@-06 62114 343810-G 

3418720-06 20K 3..275@-G 

336093@-6 51974 3535 730-0 

2664888-06 4190) 25523@-05



CONCN« 
m/V 

23.921 

235780 

23639 

23.498 

235358 

235217 

236075 

22:5934 

225/93 

22.6652 

226510 

225369 

225227 

225086 

21694 

21802 

215661 

216519 

216377 

215235 

205950 

205808 

(= 325 = 

Loren t119(CONTDs ) 
(Od OO Oe SO at HR Oe cng Sh OH ag ON A NEN g AOL ON ls SN Nk RN OO ND Rr hg SN Ne Ok OE RS 

TOTAL CRYSTAL DIAMETER MEAN 
INCREASE AREA TIME 

MINS-« 

425750 

456500 

17.50 

51000 

55000 

58.500 

6250 

66500 

715500 

76.500 

825000 

90; 000 

96-; 000 

108350 

118500 

127650 

140,00 

160500 

180500 

200, 00 

25100 

295500 

MASS 

( GRAMS) 
CE OND EIS EN HD OS PY gg CUD SHE RAD GAG EE STD AD TD A Ey OD OD DING OD ere OWT Ons Aas SH MP OD EY AT OR TD WS os WHY OA RD OD OH ony 

11504 

115 

11586 

12627 

1268 

13509 

13550 

13590 

14531 

W671 

15612 

15.352 

15.692 

16533 

16573 

17613 

17652 

17692 

18.32 

18572 

1950 

19490 

(cM). 

0001349 

0001313 

50001279 

«0001247 

0001216 

0001187 

0001160 

0001134 

0001110 

0001 08 

#0001 064 

60001043 

“50001022 

«0001003 

4000098) 

«0000966 

«0000948 

~0000932 

0000915 

5000175 

«0000869 

cm*~ 

516457 

929781 

542767 

555665 

569357 

5809.2 

593362 

605538 

617668 

6296.6 

641459 

653250 

664769 

67625 

6859 

6988.2 

7099s 

72.09.54 

731834 

T1985 
76391 

RUN NOs? R.B.34 CONTD<) 

  

6576 He-07 

GROWTH RATE MEAN GROWTH 
CONSTANT SUPER= RATE - 
K(MIN'CM™) = SATNs —CM/MIN« 

256795@-6 41635 254520-G 

3632130-% 51765 = 2919@-G 

2533780-0 +1695 1696 80-0 

1593630-G 41625 1.5580-05 

262619@-06 61555 = 14 7388-0 

1<9091@-06 <148 = 15397@-G 

2622480-6 1815 1.54 70-G 

157209006 61345 16134@-0 

1578090-06 +1275 = 161108-05 

166816@- 41206  95876@-6 

1626 60-6 41135 646500-6 

15683 72-05 +1065 8.690006 
85069@-07 +0994 4,089@-06 

1e1847@- 40924 = 527 70-06 

152619@-0 4004  55179@-06 

160291@-0 50783 34864@-6 

65960@-07 40713 26371@-% 

7s6109@-07 «C543 25329@~06 

B3i277@-07 «G72 252890-06 

7«1508@-07 +066 = 14566@-06 

50361 15144@-06



=. 326°= 

TABLE 2.19 (CONTD«) RUN NO. R.8.32(CONTDs ‘) 
(eno ee es HED Ree AO HA OR POR ey AD vag OHS REDE SO eS Ane Re ON ek I st a ope   

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
dV TIME MASS INCREASE AREA = CONSTANT, «= SUPER- RATE 

MINSs (GRAMS) (CM) cM*  K(MIN“CM?) = SATNs = CM/MIN 
oe ee ~ ne Ue eses 7 = on = 

20;808 295500 19590 

  
  

  

«0000855 774369 5<7491@-07 <0290 7s 7680-07 

<0000839 7847.5 Ss Poe OT i? 3«812@~07 
20.666 350.00 20.29 

206523: 460500 20568 
29 Oe Gg tS MY EY HM KR eg cay CD NN OD CD BED GE ET OA om OD OY AR Oo oY to ane na 80 ro   Sed oe Oe OO Ge RD CHP CMD UO SOM cr tod HA OOD CY aw tag MO Oe oY EO 

EQUILIBRIUM CONCENTRATION = 20,153 INITIAL SEED AREA = 157



1 = 327 « 

RUN NOs $R.E.33 

(0 ena EB Pe O28 OF Tm Od OD 

SO at OD CUS FD Ey Od OD OG og OMT NE EM EM OT OC OD 

STIRRER SPEED :2000 RsPsMs 
ee mt Meo ot 

cog 8 OWE A ONG Sm A OR gang TA gay Md A ON a ON Lo ON OF uy HR MD LDS ND I Pe CAN TS RK TD END Ag Ea AD EHD NM ng ON AM Bey OME Oa SD ET OD OO 

TIME 
MINS 

> TOTAL CRYSTAL 
MASS 

( GRAMS) 

DIAMETER 

INCREASE 

(CM) 
920 exp OH OR.eos eg HD NG BE HD ED OT HN ON ONS ED OM OD SE AN oF OD OE END, 5 (FET omy AOE ON ONE OM OU On od MRD ME SES CHE AOR en 

0013932 

0027663 

0001556 

«000109 

~~ 0003755 

60003468 

60003228 

50003025 

6000285 0 

«0002698 

0002564 

0004789 

0004401 

0002075 

0002002 

0001935 

0001873 

60001815 

50001762 

50001712 

207362 

222236 

236751 

27 0762 

264354 

2776«1 

29683 

321654 

33967 

3513.54 

3628.1 

374068 

3051.6 

396067 

406852 

    

GROWTH RATE MEAN = GROWTH 

cesar Spi 
156317@-0 «3538 35 0960-04 

836645@-0 43365 1658 10-04 

6.83720-6 43192 161390} 

150113@-0 43123 14644@~0}} 

657699%2-6 135% 14073@-04 

6s7201@-06 42084 1,40382-0} 

6578730-% 42915 —160220-04 

6:88060-6 2845 1,008@-04 

5s71G0~06 «2776 8140-5 

648480-6 <.276 849930~05 

6312@-6 42636 8,5460-05 

651814@-06 52532. 7«981@-6 

3362620-6 +2393 4401@-0 

25 76370-6 «2288 341920-G 

Ts165@- +2218  8,50078-0 

5s97110-6 «2148 6s419e-G 

363681@-6 «2078 3.6507@-G 

2s 71560-6 32008 257250-G 

45 160-0 51938 35915@-5 

31%8  4,891@-05 55 26430=6



~ 328 = 

  

RUN NOs ?R.E,33 CONTD«) 
  

TABLE :120{ CONTD») 

CONCNs TOTAL CRYSTAL DIAMETER MEAN 
IMN TIME MASS INCREASE AREA 

MINS. (GRAMS) (cM) cm* 

40001665 417451 
233639 52:50 105 

40001621 4278.5 
235498 57.000 1158 

; 0001580 4381.5 
235358 59500 1227 ; 

«0003048 453350 
23507 66.500 13,08 

' si ‘0001469 468256 
225934 72s500 13649 

q 0001436 4780.5 
226793 77500 13690 z 

0001405 487761 
223652 834500 14.30 

30001376 49727 
226510 88.750 14671 

0001347 506752 

0001320 516057 
225227 102500 15.51 

50001294 525351 
22086 114.00 15.91 

60002515 5359.6 

90001221 5524.6 

0001199 5613<2 

50002337 57/2 
215235 200;00 18,30 

7 ~—— §0001137 587369 
215093 230,00 18,70 

7 «0001117 5959«0 
205950 265500 19409 — : 

: 0001098 604353 
20,808 306).00 19648 — 

, c «0001079 612646 
205666 360500 19.87 

0001050 6208;7 
205523 740500 20526 

GROWTH RATE 
CONSTANT. 
K( MIN™'CM?) 

258719@=06 

223 60=06 

3505 160-6 

2.5 50-6 

16 72730-6 

25135 00-6 

1,8387@-06 

26179406 

159060006 

15 77930-G 

150903@-06 

1435 [40-06 

161216@-06 

143025@=06 

14019906 

7s5629@-07 

75375 0-07 

7653 16@~07 
66144@~07 

1421828-07 

MEAN’ 
SUPER = 

SATNs 

60319 

«0248 

GROWTH 
RATE 
CM/MINs 

2556 18-55 

1490185 
351590-5 

2517 7@- 

1,224@~05 

16436@=05 

16171@+05 

153 100-05 

160768-G 

95428006 

5 «3908-06 

5 9880~06 

4362@~06 

4613@-06 

3s0Fe-6 

1485 @-6 

165 96@-06 

153730-G 
9381 1@-07 

16381@-07 

    ac Bia ey Pmt o09 OOD 

EQUILIBRIUM CONCENTRATION = 205096 INITIAL SEED AREA = 394<2



= 329 = 

TABLE? 121 RUN NOs sR.B.34 

TEMP:60.0°C  CELL:¢ = STIRRER SPEED :2000 RePsMe 
8 Re rg Tt Cl Te ee) 

SEED: BATCH E PREPARED SIEVE FRACTION 89-1055 
oe CR ann Mang Ry HO ONE A AG SW Ne ea) A OY ER OD ee Ed Oey OND COMM act Crt OU BA ones ND Cay OE HO Me ND wy OAL ad KO OD LD Eng OF OND Gre OD MED ON ing eT 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
dj/v TIME MASS INCREASE AREA CONSTANT, = SUPER= RATE 

MINSs (GRAMS) (cM) cM K(MIN-CM’) SATNs — CM/MINs 
A CY C3 Od OOD Bk Sg OF SY ETD ON gag GE EO TM LA BD CT OO OO DY peg MA one MMe HE OO DO ONY EB or LW OMY OO BME BEd AAO ay PL EE HOY RL ONY ER Sk May SN Oey OA ER OS TY CUD LO Beg ed Cue MOL OD ON UE xt BE oy OD BO 

252743 «00000 +9950 
s0007747 94005 5s27e-06 +2812 7s 770-0 

25-60} 550000 14423 
0005968 1214.6 257934@-6 <2742  3.9790-0 

2464 12.500 1601 © 
s000!927 146657 25446Q-06 +2672  34519@-05 

25324 198500 25277 
50004235 170169 251027@-G %2603 25823@-6 

25184 27.000 25703 ass 
40003738 192348 335859@-06 +2533 4.6720-G 

20 315000 35127 
50003361 2134.8 2.2167@-06 +2463 2,8008-05 

24904 375000 34551 
; 6000303 233656 1.7876@-0 42393 2,.1880-0 

24.764 445000 33974 
60002822 253055 1698480-06 42323 253520-0 

24623 505000 43396 
<0002623 271766 2s5421@-06 +2253 25914@-05 

«0002454 289857 254611@-06 42183  2,.7260-0 

#0002308 307465 167990@-0 42113 16924@-05° 

245483 54.500 4.4817 

245343 59.000 54238 

245202 65.000 5.657 
#0002182 32534 241165@- 42013 2,51820-G 

50002072 341169 2.08 90-06 41972 2,0720-6 

50001973 3574 168779@-0 «1902 18 7940-6 

5000188 373352 1.58@-06 +1832  154508-0 

0003544 396432 16375@-06 <1727 14181@-G 

0001669 4190.5 167267@-0 £1621 14391@- 

30001609 4337.0 1,10210-06 «15F1 8,4680-% 

245061 70,000 6,076 

235921 7«000 65493 

236780 80.500 64910 

233639 875000 7.326 

235358 102;00 84156 

236217 108,00 8.569 

23505 11750 85982



= ee 

TABLE 921 (CONTDs :) RUN NOs ¢RE. 34 (CONTDs ) 
AO 2 Gxo BROW ED ED HT OY Org OE CHS Ae O80 OM SO aD OM pe COOKE eae ae om 8 2 Ot op 0m On oem OS oes Cone Be a 20 am we Sew SE US 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
gM/V TIME MASS INCREASE AREA CONSTANT SUPER= RATE 

MINS; (GRAMS) (CM) CM™ —K(MINJCM*) = SATNs —CM/MINs 

23606 117450 8.982 
® wi 30001554 4480.9 154162@-06 <1480 140360-6 

225934 125400 95393 | 
30001503 462254 9.8337@-07 «1410 6,5832@-6 

225793 136500 9.804 
0001456 476155 1610600-6 +1339 7s279@-06 

22652 146;00 10:21 ~ 
0001412 489854 1,503220-6 <1269 6.4180-6 

22:510 157.00 10,62 | 
30001371 5033«3 853626@-07 «1198 4,896@-6 

226369 171500 11,503 
. 50001333 516641 8.6626@-07 +1128 4:7590-06 

223227 18.00 1144 © : 
| #0001297 5297«1. 16021@-6 «10657 5<406e-6 

22086 197600 11584 
40001263 542653 7s771@-07 «098 3.716@~-6 

216994 214500 1264 ; ; ; 
«0002433 5616.1 6.56718@-07 «0880 2,;829@-0 

215661: HTcOO 13.6 
0001172 5803:5 660&@-07 «0774 25470-6 

216519 280.00 13046 . 
; «0001144 5925-9 653022@-07 «0703 2.119@-6 

Shea 30700. Aste 
«0001118 6046.8 5.6237@-07 «032 1.694@~06 

216235 340,00 14.26 : ; 
i 0001093 616652 5«810@-07 «061 14561@-06 

216093 37<00 14.66 hy 
\ 0001069 628451 5s 7654@-07 +0490 1.43360-06 

205950 415600 15% : 
2 * a 000105 640035 3:783@-07 «0420 754660-07 

20,808 48500 55 ° 
OF EA ED 1S we ED MD EID ED FE EL ig ERY OED YR oy OO IM wg OD UND tad DTD MEAN HO LT woe HE WS BEY ORD enn BD FEY OW GE HD CO 

EQUILIBRIUM CONCENTRATION = 20,039 

  anew om 

INITIAL SEED AREA = 797<1



CONCNe 

A 

9 oe SO WE Gan BE WE OAR Cu Gog OY ME ne Oe OB Cheng soem Te ERD OO One mane Led HOO CUD SEI Ed EH OOD ery GR ond HD eae Ga Se aay 

25 687 

2536 0} 

264 

25 «324 

255184 

24.904 

216623 

24.483 

26343 

2444202 

245061 

235 780 

23498 

235217 

23505 

225934 

225793 

225510 

22.6369 

- 331 - 

TABLE: 122 
OO Ae ON em OO a oom ON OY 

TEMP %0.0°C 
03 ae mg 

CELL sc 
wee me ee oe 

SEED: BATCH E PREPARED 
SR Gem Ome Re BY GIP ED ON Ge ome Co Rg SD AAD EF. Goy HS OY OE oe OR ca WH May KH AED My GD AH SEL GAD ED TD ee OA ee ONG AND AD CAD AS OE CPN BNF SU ers LG OD OO Oe 

RUN NO«:R.B.35 
Mite OU Ot OO one me MM OE oe PE Oey my od ES mE OS 

STIRRER SPEED 22000 RePsMs 

SIEVE FRACTION :89~-105u 

TOTAL CRYSTAL DIAMETER MEAN 
TIME 

MINS« 

-;00000 

65 000 

22,000 

316500 

39.000 

50.000 

64,000 

69,000 

75000 

196000 

84500 

94.000 

106500 

118,00 

123350 

13100 

142500 

162,00 

17<«00 

MASS 
(GRAMS) 

4900 

«769 
16174 

16601 

25026 

25876 

3«722 

4143 

4.563 

45983 

5401 

66237 

75069 

75898 

85310 

85722 

95132 

9sHe 

10536 

INCREASE 

(cM) 

6 0009165 

«0010601 

«0007860 

#0006378 

‘6 0010210 

0008162 

«0003571 

#00033 1} 

‘9 0003 097 

«9002912 

0005368 

0004865 

00062 

0002100 

60002025 

0001955 

50003727 

0001776 

GROWTH 

  

GROWTH RATE MEAN 

“crt K(MINGN?)SATNSGN/MIN 

477365 458172@-06 42798 = Te HOG 

6% 58 2.39010-06 «2742 3.4200-G 

92057 259866@-0 ~2672 1370-6 

113057. 3s16498-06 42603 = 4,2520-05 

W12s1 3.60N@-06 2498 4..6410-05 

164 204145@-06 42358 -24915@-G 

19961 3511%9@-06 = 42253 345 71@-G 

2116.65 249913@-6 42183 3314@-H 

229187 248962806 «2113 3409 70~05 

243264 2.5671@- +2013 2.64 70-G 

263469 2509650-06 51937 268250-05 

209048 2525280-6 <1797 250270-6 

314350 252537@-0 +1656 1:58590-0 

332352 24BW@-6 +1551 1:9090- 

3439.8 1.8)49@-06 +1480 1235 00-05 

562 152769@-06 «1410 8,8880-6 

372166 1645480-06 51304 94317@-06 

38852 151664@~0 +1198 658320-0



= 332 = 

TABLE 21.22 ( CONTD s) RUN NOs sR. 2.35 (CONTD «) 
09 0 CW OF exe OMEN MED HD ag TR ane oe OU RED OP OW Gm OT Ame TE EA one See MH OS OD HD os ens ene OM GOP ERG HO EG OED EV EeE awe Me? tom wn OOD ORR 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
mV TIME MASS INCREASE AREA CONSTANT,  SUPER= RATE 

MINSs (GRAMS) — (CM) CM~ K(MIN'CM*)  SATNs = CM/MIN 
000 yO EM uD onl 2 Shans OO oD me ed eo 2 Ot HD OO SED STD OMENS ED Hees GHG NO gms OAD OD OS SV ony MH SE OUD Od Go Pet AT HAY Mee MO SUk Oe Bd SD COO ed A OO GN OOD   

25369 175500 10,36 
0003404 YOK 57 162314@-06 41092 6547@-0 

22.08 201,00 11417 ; 
me -¢0003222 4253.7 8.98220-07 50951 4.1300- 

215802 240,00 11498 ~ ; 
: _ 30003060 4455.9 958392@-07 0809 3.825@-6 

216519 280500 12;79 ~ 

216377 310500 13419 

214235 350500 13459 

215093 395500 13.99 

205950 440,00 14.38 
Peg tong 9959 op Oe On Ost 

EQUILIBRIUM CONCENTRATION = 205039 INITIAL SEED AREA = 392.5 

60001473 4604.4 7«29990-07 40703 2s4155@-06 

30001438 47014 549672007 +0632 14 798-06 

«0001405 479751 5«96@-07 +61 1.561@-06 

«0001374 4891.6 645837@-07 «0190 1.5278-6 

  v EE nD OS ed DG OAD feed LPG ME HY EAD OM ID OER G2y IOP ELS OA DOM guy Gag CF (OS EY OLY BE gy COE Hd Ge Omg AF OD omy cd BO OS ony cu ED



21.661 
214519 

213377 
216235 

Om OS OS OD Oe HN RS MD TEE ER TD ny BR RAD OD TR One MR On ORR EOP eg MORAG AT EG OOS KD ORT Ces SAO DN OD HD ER AM MD Ey SO HD HD Sy me EO OCD 

s TOTAL CRYSTAL DIAMETER 
TIME 
MINS s 

560; 00 

OR 62 ED Eee OF ee 

MASS 

(GRAMS) 

954 

INCREASE 
(cM) 

50003375 

0006872 

-006 472 

00046 04 

«0004003 

«0003562 

50003221 

000295 0 

«0002728 

0002511 

9002383 

0002246 

0004150 

= 0001926 

«0001841 

0003462 

-;000163 1 

50001572 

50001517 

60001467 

<-333°* 

RUN NO« 3 R.B.36 

Ce eT 

GROWTH RATE 

KM cH) 

1<4189@-06 

96055 20-07 

1. 07782-06 

26199@-6 

7691110-07 

165246@=06 

151702@-06 

1428120-6 

1624 15@-06 

1,06300-6 

1461191@-06 

7s2 908-07 

86181@-07 

590810-07 
952204@-07 

5 8740-07 

58 75260-07 
44841@~07 

3666 150-07 

457335@-07 

os os oe A AS OA oes EO OD PL ES BOS em ed OD TOD 

MEAN 

SATN« 

«0718 

o 648 

SSRE Re en 0 me Steen Haas Oe Od new 200 et 9 EG OE AOR OR any ON ay AD HD OND OS ITEMS ME sh TA ey AND oy May BE OY WR ey PE cand ENO ANE ED GE ea Hg END OAD HD GL OD HE ea 

EQUILIBRIUM CONCENTRATION = 20,010 

GROWTH 

cuit 

1.534@-65 
15041@-05 

15 0940-65 

2.65500- 

To4120-0 

153 700-6 

15 007@=05 

1540-5 

96 7420-06 

Te9't20-06 

769430-G 

4882@-06 

533210-06 | 

3:53200-6 

4 8460-06 

2581-06 

253990=06 

15709@=06 

1264-06 

1446 70-06 

9 O08 tee Gad Aad EO OS omg ORs OA ED CORON 

INITIAL SEED AREA = 79467



Sa 5 

TABLE: 124 - 

TEMP$0.0°C CELL:C¢ 

SEED: BATCH E PREPARED 
A ee BR eng OH es OS OM GD ED ENS eng SES GUD CaN Pe MA AED OED HHO crag A OOS Ogee Sa Fh Gh Sh ED PT ek ON EN OR gy ES CON ON ENS ND OAS OT TH gag OMY OD caw AS OD 

GROWTH RATE 

m0 69 08 Het WS OD OS OD ORO ea NE DED OH WS Oe SOO EID Gk OHO OD AEE AO SD OD ODOM Me Td OE GPeRD HERD Ons BP MY MTS HO Mg ASS TED HO NA Od aD OO TS OM eng OY AMD tam mee HG Od OD GY SOTO FID OO may HD OD SA 

CONCNs TOTAL CRYSTAL DIAMETER 
Wi/V TIME MASS _ INCREASE 

MINSs (GRAMS) = (CM) 

24-5343 00000 <4900 
: 30013799 

245202 58,000 «9147 q 
; 0009212 

24061 90,000 1,338 
0007142 

235921 110700 15761 
= 0005928 

235780 130,00 2,182 — 
30009659 

235498 160;00 3,022 
-3000}.0% 

235358 173600 36441 — 
. _ 658 0003734 

23.521 106500 3% : 
ee . 0006661 
22934 216,00 4,691 

40005840 
225652 2700 5.519 

“; 0002677 
224510 274sCd 54932 

50007295 
22:08 345.00 7.164 

50002219 
216944 37600 7572 

0002132 
212802 405.00 73979 

0002052 
21.661 435,00 8.38 

40001978 
215519 47 <00 8.789 

. 0001909 
21463 15<00 95192 
eh 22 0001846 

216235 565<00 93594 
Cy wee CE AO MD OOF EE Ck fem) EVD AE OR TH ARG OR cay Oe HS OR QaD Ce OME ed ED ee OA OM TD Eee Sd OE A OO Meee HS Orn Ud SAO CEP Od GG 

RUN NOs? R.E.37 
OP CA EM ey HE OM SD Fay BO OR MD WR OOD Ce ND OD COD 

STIRRER SPEED 2000 RéPsMs 

SIEVE FRACTIONS9~-105y 

MEAN 
AREA 
CM* 

211649 

240251 

260652 

206161 

311051 

3228.9 

3345 4 

34596 

357167 

368167 

EQUILIBRIUM CONCENTRATION = 20,5010 

ci) 
160753@-06 

143643006 

167616006 

155217@-06 

16 75320~06 

15835006 

16719 7@-06 

1-345 080-06 

10317@-06 

1524140-06 

9516108-07 

185 1668-07 

7585 730-07 
852134@-07 

6-s195 72-07 
649176@-07 

5696 14@-07 

MEAN 

SUPER= 

SATNe« 

% O71 8 

50648 

GROWTH 

cnt 

15190005 

16439@-05 

15 7850-5 
144820-05 

16100=05 

145 720-G 
154360-G 

151100-6 

7s121@-6 

7<8740-6 

5s 1370-06 

33699806 

3355300 

3::419@-06 

254 720-06 

26387@-6 | 

1s8460-6 

eT ee ee 

INITIAL SEED AREA = 39245



= aoe 

RUN NOs: R.C.F.1 
Pee OF 28 oe ee (TY ON One OO OE OD ED > ED OF ey, 

STIRRER SPEED 22000 RsP.Ms 
Poe tot AS KB Eey Rong OO CY con Lee 

TEMP 360.0°C 

SEED: BATCH E PREPARED STEVE FRACTION: 89-105 
CO 2g Oe ON ey od HD A OG OS ON ED EY OO Om CRE OOP OD HN Me HD Oy HD Oe HOS SD eee ey LEE SiO-aUm tone SUD GD tee HOE ORE me OM at One Dot EO Ome OD 

GROWTH CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN 
MMV TIME ASS INCREASE AREA CONSTANT, ° SUPER= RATE 

MINS (GRAMS) — (CM) CM* K(MINCM*) = SATNe ~—sCM/MIN« 

276276 «00000 1,992 
: 0004196 174359 161341@-0) 43481 2,098@-o} 

276137 160000 2.42) . : ; 
é 300673 216669 94147@~-0 53378 1.6880-0} 

26589 3.0000 3.25 ~ . 
! 30002826 2570.5 851927@-06 33274  14413@-o} 

265719 450000 35715 
§0002568 282259 6.5171@- 320 1.0970~0} 

264580 5.1700 4.143 7 | ; ' 
ae te | 60002359 306651 447857@-05 43136 7.8650-5 26441 6.6700 4570 7 

#0002187 330162 443170@- 9530667 9 6..9200- 
265302 832500 4.997 | 

0003963 3638.7 451628@-06 .2964 6.434e-05 
265023 1145330 5849 

0003527 407151 342789@-0 2825 4.8060-65 
256743 15s000 65697 

60001631 438352 3.3174@-06 «2721 4659@~05 
25660} 165750 75119 3 

#0001556 458450 2520890-6 ~2652 340150-6 
2464 193330 7541 

: 0004301 4970.55 254362@-06 «2514 3.11e-5 
25014 265170 85803 

40001323 534986 251184@-06 .237 2:5630-0 
245904 285750 94221 3 3 

60001277 553262 262510@-G 5230 246390-0 
245764 314170 93639 ; 

; 0001235 571167 164211@-G +2236 146120-05 
24623 355000 10,506 

: 0002355 5977 158213@-6 +2132 149620-6 
24-5343 415000 10.89 — 

; 40001124 623367 165741@-06 ~2027 1,606@-o 
245202 W500 11.30 ~ ; 

: : #0001092 640255 1.5880@-06 31958 1.5600-05 
245061 48,000 11871 , ; 

60001062 6568.9 1.1240@-6 <1888 15620-6 
233921 53.5000 1241 ; ' 
See a 60001034 673361 160357@-06 +1818 9540006 

235780 58.500 1254 ~ :



CONCNs 
WMV TIME 

MINS« 

Toe25C 

88,000 

94,000 

101,09 

223510 107400 

2208 135,00 

21.944 146500 

21.802 

216519 

2146235 

21603 

203950 300500 

20,808 

156400 

18600 

240, 00 

265 «00 

SU 6H Cay O80 Ke 9A HE ERE ED H29 ROY RIED MD HM oan 

345.500 2 

TABLE : 124 CONTD.) 

MASS 
(GRAMS) 

SO pay ME HO OS a GH Lay SO NE Les oD SAO E> a Hd CA ON Gs OD ED BE ED Cate gy AH OA OR em HY EMS Tie WE OND SY GE Se OOD Oe ong AOS SON Sm SOE SFE Coe OP Ny SO any Ly THES One ethene OM Pe ta ON me Sh a Om 

2l 637 

| — 

3 0002956 

«0000937 

«0001813 

«0000877 

«0000859 

00008) 1 

000243 1 

«0000779 

«0000765 

«0001490 

0001438 

40000701 

«0000690 

0000677 

%000%65 

- 336 ~ 

TOTAL CRYSTAL DIAMETER MEAN 
AREA 
CM 

75366 

137981 

760062 

182767 

79768 

812443 

8413.6 

8700;0 

884061 

9047s 
931969 

92183 

965387 

TP 67 

9914 53 

RUN NO. :R.C.F2(CONTD.) 
8 EE a Foe OF cy OD Ey HE SG OAM ANE OD ANG LD OE ee ND HO MD HE SEED ma SO eh DRL A I A ay SD AD os 

GROWTH RATE MEAN 

K(MIN CH?) 

154166@-C6 

161736@-06 

1.0929@-06 

141213@~06 

9296 090-07 

1.20890-06 

8:5 4250-07 
8.0771@-07 

95482c@~07 

7«0879@-07 
457431@-07 

65 08830-07 

9 020/0=07 

645 20-07 

2.734 70-07 

SUPER= 
SATNe 

31679 

61539 

#1443 

#1329 

01259 

«1189 

1049 

#0909 

0838 

60733 

sO9e 

0187 

«0416 

0346 

«OB 

GROWTH 

c/s 

151820-0 

859230@-06 

To 1172-06 

a3 6O-06 

65133@-06 

T< 0110-06 

43410-0 

3.541006 

35625 0-0 

2<4183@-06 

16332@-06 

1403~06 

96955@~07 

72526807 

365 010-07 

  ty me 

EQUILIBRIUM CONCENTRATION = 20,181 INITIAL SEED AREA = 1596



IM 

(6 PD A OM Gg OD OE OD BD 

26,559 

265719 

265580 

26441 

26.4302 

265162 

265023 

255883 

25660 

25464 

25 OV} 

24.90% 

24,704 

24-6623 

24-483 

2343 

TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN — GROWTH 
TIME MASS INCREASE AREA — CONSTANT SUPER~ RATE 
MINSs (GRAMS) (CM) = CM™ ~—-K(MIN'CM”) SATNs = CM/MINs 

2762"8 500000 1945 
: 0003487 1677s1 1.2601@-0) «3474 24325@-04 

276137 «75000 25290 : 
| 50003766 1937.7 8.3347@- 3412 1.506@-04 

265998 2.0000 25721 2 ee | 
40003286 221453 7s4478@-C6 53343 = 16315@-04 

362500 35151 3 
0002928 247833 5.6652@-06 «3274 9+ 7628- 

100 38579 
50002650 273154 4,5031@-G +3206 74572@-05 

645000 4,007 ; 7 
0002427 297469 3+28820-6 «3136 5«393@-G 

8.7500 454330 
1.85 50002243 321050 245500@- «3067 4078-6 

Le 00 “oO 

: : +0002089 343756 3«8313@-% +2998 55969@-6 
134250 5.4283 

000158 365835 4.3014@-06 +2929 6.527@-0 
145750 56707 

«0001844 3873.3 262709@-6 «280 34353@-6 
176500 65129 

2003406 4183;6 2582600-06 +256 4,007@-6 
21650 66971 sae 

‘ , 55 <0001580 A486 1.9471@-06 42652 2,6410-6 
24s ThO Ts : 

es 0001351 4869.4 1.9417@-0 32514 2,484e-05 
335500 8.641 © : 

| ; 60001335 52455 1617370-6 «23 14406@-05 
385250 94605 
: ie 50001287 542457 163071@-06 62306 145 14@- 
2500 96 Oe ; 

re =0001243 5601<7 1s7077@- +2236 14913@-G 
15550 96879 

60001202 5775<7 1e4822@-06 £2166 16 030-5 
49,500 10,29 © 

0001164 5946.58 1606020-0 ~2007 149400-6 
525500 10,70 ~ | 

TEMP s 

TABLE: 126 
FARO OU) Mass OE OH DG FR OY OD 

60.0% CEEESC 
enw oma ne Mt one, 

SEED: BATCH E PREPARED 
0 cas to om OD OG CdD Hee Le Oa AR AD GN HD HEAD Od COE ON HY NE HE LD AD em Gas OND ED SEN yng OAR OD EU ER ane HON DOE HND NN Ta Oe OE gy Se SY a 

=: 397 

STIRRER SPEED 32000 RsPsMs 
208 ON OO SEB OG SO Hd ID Oy ON EY OM omg Di OA HED COD 

SB EN HH OD A Gig ON EO Ang EW om mg OOD TO 

SIEVE FRACTION? 89-105 

   



- 338 = 

TABLE s Cea ;) RUN NOs R.C.1e CONTDs ‘) 
      

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
mM/N TIME MASS — INCREASE. AREA ue SUPER= RATE 

MINSs (GRAMS) — (CM) CM* —K(MIN'CM’)  SATNs = CM/MINs 
ag SE oe 0 oe aos kd OD 88 Ak Sd GO OY NE OY OND OSD ong HS OOH wy Cod OE PS OH CE ~ mae ts oom ome 

  

  

- alke3l3 526500 10570 

245051 64,000 11451 

236217 93.009 13.92 

238075 102500 14,32 

225934 108,00 14.71 

#0002222 6197s3 958118@-07 41992 956608-06 

300065979 683257 142394@-06 41713 150310-G 

30000908 7376.7 7«1689@-07 31469 5 s013@-06 

«0000887 P52ks4 151075@-05 41399 7388006 

30004123 794961 7s1789@-07 «118  35964@-06 
226227 160500 16.65 

0001526 843456 7.6811@-07 <Oo44 3.3170@~06 
21394 183,00 1741 ~ 

: 30000738 34.5 5.1094@-07 +0338 1.9420~06 
215602 202500 17379 

#0000721 8765.0 5.8026@-07 +0768 2,0040-0 
213661 220,00 18516 : : a : 

. 0000704 889334 4:9297@-07 +0698  145310~06 
214519 243,00 1853 ~ : 

s j 30000687 9019.6 4.6079@-07 «28 14271@-06 
216377 270.00 18589 : : 

60002478 931168 3:6489@-07 <0451 6.5208-07 
20;808 160¢ 500 20626 © ' : ‘ 

000 wo aa ona 08 out Gem ef = oe ee, TM EO Mary CH OS EN I AO OMY ID HED ane PH MT Gy OD A sy AD cD ON 

EQUILIBRIUM CONCENTRATION = 205181 INITIAL SEED AREA = 1558 
   



aa 

TABLE: 4129 RUN NOs: ReP.E.11 
2a OO ee ONO ND OD aay ERD cate ON ORS OD 0 Oe OLY AF Ray ED A OE oh Soy AOD OO Uh 

TEMP %0.0°C CELL: ¢ STIRRER SPEED :2000 RsPsMs 
dae Pom oe 429 we wre O79 Ce et er 

SEED: BATCH P.E.PREPARED SJEVE FRACTION: 89-105 ja 
Ro Gd Dn One OS ay WEE EM DAR OD EH gacy OO SHH ED EO CE END ET EMD OR neg EOD es geay eH OO ry HU ON ey Be fay MOP OD RENIN RIT OTD OM Boy DO 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
AVN TIME MASS INCREASE AREA CONSTANT SUPER@= RATE 

MINSs (GRAMS) (cM) CM™ K(MIN"CM4) — SATN CM/MINs 
0 Pd 28d OS AD Hed OR Oey PP SOD SEs OO SIN HD OMG Ene Os 14.9 GL nD oat me ee 8 nk Ow ond ered oe me mee PAD OM ene BOY A oe mes FD Oy OD Om ey OR 

245012 .00000 1.972 
ese 20054592 206936 451068@-0} .2324 4. 7062-03 

60012552 3427.8 7s2011@-05 +1529 5<021@-0} 

  

21«919 58000 8.292 

21.047 158300 10,83 
| 50003654 306151 4.9627@-0) 41217 2.72 7@-O8 

«0003454 4063.8 36095C-5 «1061 1.4 76@-0} 

0009420 %h9.8 1.3115@-5 <O07'9 4,2510-G 

205756 255000 11466 

205465 3.6700 12.49 

195593 14.750 14.97 
0005594 4915.2 545336@-05 0359 8, 1660-06 

19«012 49,000 16.59 
0001324 5137.9 3s Ee «0164 = =2.5460-6 

50 508 cay Som HAD OY HA Ek Cas HN GD Ed BHD GD mn HH oy EHD Od OOP OE Pah MR HG SED SD EM a we Hm os OR MD OER crease erhomaacme eae ended ke toa lyre caper n 8 A Oot med OTN ME a CAN OE pe) ERD OO Ba OD OD EOE Com 

EQUILIBRIUM CONCENTRATION = 185634 INITIAL SEED AREA = 1042



~- 340 = 

TABLE s 128 RUN NO«s R.P.B.12 
0 Pte CR oe Oe OO me OR ORS OS 20 AO ed OO 0 A Mey O08 Sh end SD Es OOD Oey OO 

TEMP:60.0°C CELL: C — STIRRER SPEED: 2000R»PsMs 
(A 0 cup OH bee coe eect mm mat 2 m8 CHF OH Pak EE BO OS OF OO ORE OH as Sh 

SEED: BATCH P.E.PREPARED SIEVE FRACTION: 69-1050 
OO 09 2 TF Cn yg OND OE Gay OA Oot BGG ECR Deh SING Fw OKs Mt Hw SORE 8 ay Ak ee oma 8 ce 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
W/V TIME MASS INCREASE AREA CONSTANT. SUPER- RATE 

MINSs« (GRAMS) (cM) CM K(MIN'CM?) SATNe — CM/MIN« 

"214890 00000 14962 ey a 2 
s00H277 110655 140956@-G 41716 857950-G 

216773 360000 2.3 07 

20005778 126050 1.57100@-06 +1646  1,3130-0 
213628 25,000 2,736 

  

      

0005097 1423.6 3.4954@-06 41568 2.5190-5 
215483 35.000 3.165 

21.337 4.500 3.592 

215192 55.000 4,019 

216047 64,000 Heh 

205901 75«000 4:88 

30004578 1580.3 3.4881@-0 +1490 254108-6 

40004168 173160 3604@-06 112 1,985@-65 

60003834 18763 3.461}. 08=06 61334 © 251308-05 

60003557 2016.9 2:800@-G 41256 1.4617@-G 

60003322 2153.2 3.0768@-G .1178 1.6610-6 

20003121 225.6 2:3879@-G +1100 1,2008-6 

«0002945 214.5 251087@-06 «102 9,8170-6 

20.756 &.000 5,290 

20.611 985000 5,712 

20.465 113.00 65132 
0002791 2540:2 1.91490-06 ~<0944  8,5209@-06. 

205320 130,00 6.551 
0005191 272243 168788@-0 .0827 7,016@-6 

20,029 167,00 7«3& ; 
30002422 2900.5 148963@- 0710 6,055@-06 

19,884 187,00 7,801 
40002322 3015+4 1.5183@-06 ~<0632 3000-6 

195739 214,00 85215 
. 0002231 312851 1.3265@-G +054 3.2800-6 

19.593 248,00 8.627 
ee 50002147 3238.6 146911G-6 O86 3.579@-6 

19448 278.00 9.038 
; 0002070 3347.0 1.4693@-6 0398 2.587@-c6 

193303 318500 95448 

19<157 373600 94855 
POO Orn OT ey ee BE Oe HE ct eh OS BED Mp4 O50 DH ce OO ae tod ER aed OF OND OM TED GE ANG BUN OHH GD 8 LO ging ME AUD BE Rey OOD SUD a4 

EQUILIBRIUM CONCENTRATION = 18.4634 INITIAL SEED AREA = 1037 

0001998 3453.5 14295@-G +0320 1,8160-6 

   



4 SEL 

TABLE: 129 RUN NOs: R.P.E.14 
Ok PO PE ON Ay HE OE ON Oe OO OR 28 29 O80 ong Ot FOR OE Bm SD POD Seat Dm NE ED OD cy MO On 

TEMP360.0°C | CELL: C — STIRRER SPEED 22000 RsPM« 
OO ey Oe ne Ot ae OD oe oe 8 22 goes OD oe OS EAE OY OND 88 nay ON SD OB 

028 Be HA egy HA 107 MO ONS AED LM OD Od OR GD I Sed DEO a ED PAE One HWY OG Dad WHY OWE GR ITD LD OO eee ms any OO eh RLS 8 owe GMD Sd MD De TE DN ay 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
IMN = =6TIME = MASS INCREASE AREA CONSTANT, = SUPER= RATE 

MINSs (GRAMS) (cM) cM  K(MIN'CM’)  SATNs  CM/MINs 
0 2 OR EN CHE OO OD gg ONE MO Ue BD TL OE I goa STE ony Od wy ORT Eb a Oo AT AD Leg BP Rem rd RD MI ODS A nee God toe LES Ae OD Suid FED OOD OOS 

215890 00000 .9650 
  

50005359 544.76 8526900-0 +1732 6.46990-6 

O000K740 613424 3,1168@-07 +1700 2;469@-0 

4001006 725.61 141263@-05 1646  8,6260-06 

50015294 946611 141128@-06 41529 7.884@-06 

60006214 11526 1,0654@-0 «1412 6,904@-06 © 

50010663 133856 165019@-06 +1295  8.8%0-6 

0001672 1516.8 154559@-06 <.1178 7.7%@-0 

60004335 1628.8 1.4520@- 51100 7<22%0-6 

§000}0}1 173761 162562@-06 +1022 5.787@-6 

«0003807 1842.0 1.4964@-06 <co4k 6. 3440-06 

«0003594 194.0 1s4192@-06 +086 5.616@-06 

50003409 2043.2 1.8653@-05 +0788 6555-06 

40001963 212150 9.50908-07 +0725 35067@~06 
19.92 575200 6.590 
OD Ses Fy ome LAS HY aay Od AS coe ay Pad SOD Oy BOF MQ TD OMY RCD MM nay HON nag SOT MO SH ODay MD Sd Ih CON gag OHS Oe ee OE Ls oy HS ER eRe Oe RE TR As OG OS RO MY YE OH OO Oe OD GED on we SD Og MUD Sg SD EN eRe I ORS eee BD 

216832 4.0000 14137 

216773 100500 14309 

214628 158.00 1.737 

215337 255300 2.588 

215192 300500 34011 

205901 360.00 3.854 

2035756 390500 4,272 

20.611 420,00 4,690 

205465 455500 5416 

205320 48.500 5.520 

208175 517600 55933 

204029 543500 6.4344



~ 342 = 

TABLE: 130 RUN NOs: R.P.B.16 
Brn cy O92 Hee 8 BRED May 6209 

TEMP50.0°C CELL: C 
@oumoctes j= jj§- mngesaver 

SEED: BATCH P.E. PREPARED 

Sar BTEC) MOT oy BEL CHD OM aD CMS ma KP HD 

STIRRER SPEED :2000 RsPsMa 

SIEVE FRACTION: 89-105 uw. 
ang OD OE 

    

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
a/v TIME MASS INCREASE AREA CONSTANT, = SUPER= RATE 

MINSs (GRAMS) (CM) cé™ K(MIN'CM") SATNs  CM/MIN. 

17s545 «00000 1,969 
ae «0007244 11381 1.2096@-06 «2369 94789@~C6 

176374 37000 24455 
40005212 131357 143565@-0 «2258 1.042046 

17«232 62,000 2,80 
50008887 1537.9 8:78@-07 «2107 652580-6 

16.948 133500 3.666 
40003874 1753.6 151753@-% «196 7.74+7@- 

165806 158,00 4,067 eis ay he cee 
00035 1090.2 1.+3073@- 315 1 149@~ 

16.664 180,00 4468 ‘ 
«0003344 2022.6 1.5800@-06 14 9.288@-06 

16521 198,00 4,87 
40006100 221362 143572@-0 +1603 75262@-6 

165236 240,00 5.665 
«0002800 239950 1:6132@-6 <1451 7«779@-06 

165093 28,00 6,062 
60002662 251853 2<4794@-06 41350 16109@-G 

153951 270,00 6.458 
0002539 2635«1 265631@-6 «1249 1606 88-6 

15<808 282,00 6.83 
50002429 279.4 254693@-6 «1148  943420-06 

15.665 295500 7.248 | 
0002329 2061.5 2.2560@-0 «1017 7. 763@-06 

154522 310.00 7.642 
.0002238 297164 2.2576@-6 «095 65994@-06 

15379 326.00 85035 
0002155 307934 2.1709@-06 <03%4  5.986@~-06 

155236 344.00 85427 . 
0002079 3185-5 2681@-0 <O7412 64496006 

155092 360,00 8.818 
50002009 328958 3.4472@-0 «41 7.174@- 

145949 374.00 9.5209 
: 50001944 3392.5 2.931%@-06 +039 5.«115@-06 

145806 393.00 95599 
0001884 3493.5 %¥52k@-06 «0438 6.4279@-06 

145662 40800 9,988 
0002543 361236 262296@-06 .0316 24231@-6 

145461 465.00 10.53 
(23 0m cet ae Conan eg SP OE OOS OO OY op OH OS OE Oy OE MD END ge 0 HS. HOON SE MN EN Mg SO oo ODO EROS SR OD MH ED OS SE Hin OT oe Cee ID RaW OO” LEO Eee SAO Rene GW GED tay Ged SD Eieny See EB wed NER SOTO 

EQUILIBRIUM CONCENTRATION = 145116 INITIAL SEED AREA =



TABLE s 431 
(0S ood way AY O09 Our BHF OED Boma OOP 

TEMP:40.0°% CEL 
ae ect cers 

~ 343 = 

3: ¢ 

RUN NO.3 R.P.E.17 
Pde 8 we 19 HS o9 OF HE 2D MO a OOD Ed OD OY PD, 

STIRRER SPEED 82000 Re PeMs 

SEED: BATCH P.E.PREPARED SIEVE FRACTION: 89~1O5 p 
CY CF font Oey Reng td md UE IR He wma FES OME OY Sow OER OR AR GRY AAD OH OE ey MOE AG Dod SY gy TOR AHR AOE HD Ds OD ET ony WY EMT OT ngy TD MOM SOD AET oon OOP mM OOD 

  

    

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN ~~ GROWTH 
GM/V TIME = MASS-_—sINCREASE AREA = CONSTANT. SUPER RATE 

MINSs (GRAMS) — (CM) cM (MIN CM) SATNs —-CM/MIN 

13<613 -~<00000 1,983 
«0002462 10798 2520930-06 «280} 1.539@-0 

138557 8.0000 25140 ~ : 
0003313. 115765 160262@-07 «2737 6s76@-07 

136471 255500 2.367 
40003872 1259.2 1.1294@-07 «2643 6.794@-07 

13358 540500 2.655 ; 
60038345 2064.5 963195@-07 «1634 25739@-06 

116330 1240.0 7618 
0001845 283755 552342@-06 5610 6.151@-6 

11618 1255.0 7496 
0001782 292435 5577920-6 «Ol 5.62400-6 

11,042 127250 7.803 ~ 
| 0001717 3009.8 4,0786@-06 0339 2.6020-6 

10,898 136.0 8109 © ; 

EQUILIBRIUM CONCENTRATION = 10,610 INITIAL SEED AREA = 1048



CONCN es 

m/v 

Peay Ae Om oe Oe 

9 6D SD Sn Od OOS eg AS OD EE Oe kD gE eng SE MG OT SR SE Sa FOG DS AE Ae GD OT EY SNE Hy OT ces SD ey HY HT OS OR EOE HS eae) SME HD OE OSD Som Fee OY ON 

CELL: C 
ey ee oe 

- 344 - 

  

TOTAL CRYSTAL DIAMETER MEAN 
TIME MASS = {NCREASE AREA 
MINSs (GRAMS) — (CM) cM* 

500000 1.919 
60010642 115769 

166700 2.645 
600081 139250 

455000 35126 
0009866 1650.0 

15.500 45087 
0004257 1897.3 

22,000 4,564 
#0003922 202.8 

28.500 5.010 © 
0003643 2203.1 

376000 5.514 
0003405 234857 

45500 5986 
«0003201 2490,2 

57s000 66457 ~ 
0003024 26278 

665500 65927 
; <0002866 2761.9 

8350U0 76395 i 
~0002727 2892.7 

99,000 7.861 
60002602 3020;5 

115<00 85325 
6000248 3145.4 

172500 85787 

EQUILIBRIUM CONCENTRATION = 28,421 

RUN NO«: R.P.E.18 
20 6d OE AD oe OP ey One OS En ey Led can SS SD OD 

STIRRER SPEED : 2000 RsPsMe 

GROWTH RATE MEAN 

KCMINCH) SAT 

381698- 1071 

1.33G@-G 41006 

6s2724@-6 50927 

5.0415@-6 ~0848 

4,9683@-06 07% 

3679120-06 O72 

368277@-6 40689 

2<8891@- 5037 

3361300-06 C584 

21 ¥e-6 50532 

2637 7T12-% «O79 

2:55870-06 <O426 

7«8713@-07  <0374 

GROWTH 
RATE 
CM/MIN. 

nok R08 FA fred LP Bead OM ee NP Ge, BIE He SND ND MOD en ORT FON OA ae Be AG ID RD OM Cy OD OE OH EAE OD Gay MHD 

36186@-0} 

15036@-04 

4485-0 

362 0-H 

34 0170-G 

25143@-6 

25 0030-5 

163920-O) 

16591@- 

8.6860-G 

855210-6 

85131@-6 

251800-6 

INITIAL SEED AREA = 1014



= TAD 

TABLE 3 133 RUN NOs: R.P.E.19 
2 00d Oe OF ok ORG ED OY Og BS ee ee 

TEMP:40.0°  CELLsc STIRRER SPEED :2000 ReP.Ms 
oe 2 ee ©Sneg Oe oe ome a 008 ng bo Ry Od NY OO a OD OO ae tad Oe 

SEED: BATCH P.E.PREPARED SIEVE FRACTION? 89-105, 
OR ea OSG Pd EON PE A ay OS FN LE ey AN OE Kk OUR PPD MON HN gag Se ANE ME AED UDG OOM ey MLE EA OE POG PE CE SD DID ON Tang 29 LE COB UG SAG OW gery Sas OG DPD TOD OOS 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
m/v" TIME © MASS INCREASE AREA CONSTANT SUPER= RATE 

MINS. (GRAMS) — (CM) CM* K(MIN“CM-) SATNs  CM/MIN« 
Pe A G0 et OOH HN Hk Od gay OD AMY HHH PHD Oy SM On OY TP MD pgm, POON le ed NON eg END AA A HG BD SIN eng OG END HOD eae oe LOG OOS ng OP PRD Met One SND ae YO ELE HOS Dem nop PE DD ORE Aes nag LOND Tens wep wd Oe Hed 

13.58 ~00000 1,987 | 
0014704 126257 1:6720@-07 «2616 1.081@-06 

135187 680,00 3.077 
50004237 1545.9 4.0819@-07 «2362 2.3540-6 

13.015 770,00 36464 — 7 
0003878 1684.3 5<411120-07 42227 2.7700-6 

12,903 810,00 3.80 | ; 
¢0003581 181850 3.5299@-07 +2093 14791@-06 

0003335 1947.6 5<8729@-07 +1959 2.779@-06 

400066077 213462 1430700- 17 5.s525@-06 

0002788 231641 1.8706@-06 1555 6.+969@-6 

60002649 2433.0 2,6017@-0 «1421 8,8300-06 

126760 940,00 4,235 

12.617. 100050 4.619 

125332 105.0 5.384 

125189 105.0 5.766 

12,016 109050 65147 
50002526 2547.3 441219@-0 ~<128 14263@-6 

114903 1100.0 6.527 
000736 271368 Js1029@-056 51083 148220405 

11.616 111359 75287 
#0002225 287732 8: 908%0-6 0881 1.84@-G 

0002143 2983.0 6s7775@-6 <0745 151908-05 

30002067 308751 4.81100-0 4010 6,890-6 

20001997 318965 5463030-6 sp 642410-06 | 

11473 111950 7665 

114330 112850 8-043 

115186 1143.0 8.420 

115042 1159.0 85796 
50001932 329052 30031@-06 +0339  24356@-06 

105898 1200.0 9.172 
om ot SRO ome Noe Fa meet md Hg OR SON Om mw ETD ed RO ag oo NE NO my SAY Bd BD AE HOS OT ON TD ROD 

EQUILIBRIUM CONCENTRATION = 10,610 INITIAL SEED AREA = 1050



aeaeie 

RUN NOs: R.P.E.20 
ee ed 

TABLE : 134 
Ag 2 oe OES eg A ey OO ot Oe 

Ee SMe me HD sas OR Oe SAE UD HE Gan a He gay SE OND OE ND OD CP AND ENE HD ND OLD ered THD EE AD OE EN OMT ee ON sh OE ALG ON ON ed WD CD SSE HR og TW SUTURE Bam SHE Ene OR 

GROWTH CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN 
@i/V TIME MASS INCREASE AREA — CONSTANT SUPER= RATE 

MINSs (GRAMS) — (CM) CM*  K(MIN‘CM9) SATNs = CM/MINs 

283587 «00000 1.950 
50009541 1160.3 7s1917@-G «1499 7120-04 

28.380 ~67000 2.602 
5000575 137769 3604320-G «1427 25853@-04 

20232. 16700. 2.07 
: 600559 1548.9 1.54390-0G +1367 143820-0} 

285083 355000 3.529 ~ 
<000%561 1712.6 8.906 7C-6 +1307 «6020-6 

276935 645000 3.991 
s000H164 1869.9 7880-6 «1248 6,4070-0 

275787 9s700 4.451 
50003840 202157 761151@-06 .1188 5.48&6@-0 

272639 136250 4.910 
0003569 2168.6 651109@-06 «1128 =44610-05 

276491 176250 5<367 
§ 0003339 231059 5<3817@-6 «1068  3.7100-6 

276343 216750 54823 
50003141 2449.3 ¥s8401@-06 31008 351410- 

276195 2650 6277 . 
6002968 258450 4.8761@-06 <0949  259680-05 

276017 31650 64731 ' 
40002816 2715.3 4<7157@-06 40889 2.6820-G 

265899 375000 7.183 
0002680 2813.6 28157@- 0829 1.489@-0 

265751 46.000 7.633 . 
000501} 302957 2696710-06 <O740 14393@-0 

26455 645000 8531 — | 
40002350 3212.0 2.3811@-06 .50 957920~06 

265307 76.000 83977 
50002259 3329.8 2.6423@-0 «90 9.824e-6 

264159 875500 9.421 
50002177 3445.4 2:8409@-0 631 944630-06 

265012 99.000 9.064 
<0002099 3558.8 1.5496@-06 <O#71 4.563@-06 

286% 1225002105319 5: 
«0002028 3670.3 2.4737@-06 0411 64339@-06 

Met19. 190000 AR...” 
0003852 3632.9 7.4091@-07 +0322 1.45 9@-06 

255420 270.00 11.62 , 
0000740 3961.3 5<3486@~-07 0250 85226@-07 

256361 315.00 11579 
G22 en £0 ba fae 2 Oa Ind eg BO ENO OO OO ae EN OT ond TSO OB ON HOD EN A OOH One OO He eg ON ENTS UE Rad SAO ON EY AD OO Sy TSG HD ed MI ORC IAN ee SRENE Orn oD GOO Om ere HO-SN RED OR One 2 Lae He Leg ene Ee OO Oy NON 

  

EQUILIBRIUM CONCENTRATION = 246771 INITIAL SEED AREA = 1030



CONCNs 
$A/V 

0 se 2 C8 eH we OF gy EE PD OM ey PRE OE AO Gh AD NS ENN NES Ad DOE Ooty OHMS POR Ob Otome es Td OD OO ey BD HO RO OD EO 

196307 

19.222 

19 «081 

183939 

185798 

18.657 

18.515 

185232 

48,090 

176949 

175807 

176665 

176524 

17«382 

17.098 

16-5956 

15.818 

15 6676 
ent C8 UE OR eg OOD OD ON Oy enw OE OP ON OME Ey RD DO ON HO EA ON oe DA em ed Bang NEMS OCD OS Oy NO wy Gr BG ON Sk AD EUS MND FOP ERD BLP Gp RD SE Sod ONG OG HD Deg AO EORay OND LA WD OP cae Oe HO HD EDS BO OOD HOS cy 

EQUILIBRIUM CONCENTRATION = 

TEMP s 
eg OR ee Se 

TABLES 

50.0°C 

- 347 - 

135 

SEED: BATCH E PREPARED 
20 pag OA OR OS AS EL Ke ON END EN ng AOL A CS HN OM ONY nd OD HED ONE SOE GEE ONS ES ey BERR OD iy OD OND ONE HON Mee OSE SAM GD MD Hey OE CR Kh Asay wd SD Oy 

TIME 
MINS« 

00000 

22,000 

63,000 

140500 

185.00 

225 500 

260.00 

3% «00 

33700 

376.00 

400,00 

4.0500 

490500 

530,00 

630500 

680,00 

1425.0 

RUN NOs: R.E.38 
gas O8 ce OF ang One GP OE A ON Ey OD EY any OME OO SOE 

STIRRER SPEED 32000 RsPsMe 

TOTAL CRYSTAL DIAMETER MEAN 
MASS —- , NCREASE AREA 

(GRAMS) (cM) cM*> 

1.973 
] 0002497 1665.8 

26219 
«0003669 1887.2 

2.627 
0003202 2153.2 

3603 
spa «000285 2407.3 

3440 
20002585 2650.9 

36845 : 
«0002368 285.5 

4e2h9 
0004234 3220.5 

Ot 
60001912 3545.2 

53455 | 
0001801 3752.5 

50054 
3000176 395445 

65253 
0001619 4151.6 

oe 43 434k 0001 | a BAS 43 

0001474 453255 
THI 

«0002770 480654 
85227 

«0001 075.0 8.619 3H 50D 

Tr 0008971 5811.8 
rs 9 ( 

30000972 6535<9 
12607 170050 

156106 

ang tg SD ONG SP OHO ey OR, 

GROWTH 

  

GROWTH RATE MEAN 

ce) Stn Sy 
5s55H@-07 s2H3 566 5@-G 

45127@-07 +2678 4.474e-6 

241830@-07 «255 2,079@-G 

3.46780-07 «2491 35172@-6 

356823@-07 +2398 342310-6 

4 0248@-07 42304 3.383@-06 

529800@-07 «2163 4,705@-6 

408 20-07 «2023 2,988@-06 

343219807 41929 + 253:09@-06 

563862@-07 +1835 345520-06 

362453@-07 «1742 2su2ke-G 

256235@-07 s1648 1.543@-06 

363343@-07 «1554 — 1.843@-06 
257710@-07 «1413 1.385@-06 

2.9137@-07 «1272 143G@-06 

252036@-07 0648 6 0218-07 

1s24+G@-07 <2 167670-07 

INITIAL SEED AREA = 1581



TEMP: 70.0% 
Oa ang OO 

Fe Oo SY ON Red NF DD OD TO a OOO ED OG oy SOE OE Ee OG ay PE OS OE On Oy OP em ND Aa OQ GONG ON GE Hh OD OH ed CD OD OD OR 

» TOTAL CRYSTAL DIAMETER MEAN 
TIME 
MINS « 

«55 0000 

1.42500 

252500 

361500 

3 6) 000 

T= (900 

105250 

13.6000 

18.50 

225250 

27650 

33«5 00 

3925 00 

47,000 

56.000 

78.500 

94-5500 

109500 

2480 136.00 
eee Cot et ey 

MASS 
(GRAMS) 

29 OS 08 ON Hed OO en OA Om HO COD Eg CN OD EE gay Cry SOS OE re URED ed SR AY CRY ANE OOP EL) AT OS eee PE ey NG ND BD OD AE cn OP OD EE SO Oey GAD EN OD ON OAD MD OO OE Pe On BED ane OG SS UN HOY OO OD OE OLD OH 

66773 

fee25 

72676 

85125 

5573 

95020 

98465 

10.35 

10579 

Tree3 

11.49 
es co wy OO 

- 348 - 

8 20 ane I es we ers oy cog Bee 

CEE. 30 

l rina 

«0010177 

6 0005646 

«0005 015 

60004527 

4 000}138 

30003818 

#000355 1 

«0003324 

«0006 094 

«0002807 

= 0002673 

#0002553 

3 0002445 

«0002346 

= 0002256 

«0004276 

«0002027 

0001962 

50001147 

RUN NOs: Rel eel ee 

OS os ROY HO OS 1 WO ORE Oey KS Od Pang ON cd, 

STIRRER SPEED : 2000 RePsMe 

AREA 
cM 

EQUILIBRIUM CONCENTRATION = 2.771 

9 tay 1 OOM Were Ky OO ED 

GROWTH RATE 

Kun) 

1. 0254@-0} 

4015 80~05 

2580080-G 

1.75 198-05 
154555@-G 

15100} @-65 

96 72748~06 

85765 82=06 

854181006 

TsO 77@-6 

4 59180-6 

45338@-06 

45241@=06 

38043@~06 

3436 770-6 

35 0313@-G 

2.46800-6 

3 0946@~6 

15 12640-06 

MEAN 

SATNe 

30352 

2030} 

eet om 28 od 

1 1820-04 

8480-05 

7s1030=05 

6. }4.@~05 

5 32990-05 

450102=05 

254300-05 

252200~05 

2s 03 7@~O5 

14564@-05 

14254@-05 

935 B@~06 

653359=06 

65 7650-6 

24123@-06 

BO Oas MS eee COON SR aD 

INITIAL SEED AREA = 1027



TABLE : 137 RUN NOs: R.E.39 
LO me CD De ONE CON Oey HOE OE ON ag Fe Ab 61) OG AD oR MR ey ED ID HDR AA HA HO OD Me OLR 

TEMP:60.0°C CELL: c  STIRRER SPEED :2000 R«PsMs 
wee sO oe oF on aoe mene, 0 29 me Oe GT AM Od may HO OS OM Be? gag OD 

SEED: BATCH D PREPARED SIEVE FRACTION: 75-89p. 
ON Gad OF Od OR ED OME Bes HO OM ON PD HS Od wey AP OG OID Ad om ON AE TD FOE ER OS ey OO Cae OM TE HE OS OR OW Ee OTE IS OD ON ON GE ES HE OR OH} SL ey OG OR OT 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
iM/V TIME MASS — [NCREASE AREA CONSTANT  SUPER= RATE 

MINS« (GRAMS) (cM) CM> K(MIN“CM*) SATN. = CM/MIN« 

‘a eee eae 0006715 130762 158119@-0G ~«3488 3.357@-04 

#0009220 1584.5 1.54200-06 «3378  2.7600-0} 

«0003967 1830.5 959180@-0 3274 = 167108 -0} 

«0003652 198442 1417910- «3205 1.9%@-08 

«0006572 2203.0 8,98308-0 3102 1446020} 

«0002983 2415.0 756351@-06 +2998 14193@~04 

20002819 2550.1 7.4051@-06 «2929 14128@-0% 

0005230 275.3 7+13800-06 +2825 1, 0460-0} 

«000K771 299658 5.<73620-06 «2687 7495200 

#0002239 317962 5«62810-06 42583 764630-0 

90002154 329751 45 734C-06 2514 = 5.8860-G 

40002077 3412.8 652080-6 <2kyk 7.751e-5 

000206 352635 3498610-6 237 4.8230-05 

0005658 374658 368321@-06 52236 453520-0 

60001771 3963.6 5.5818@-0 «2097 5903-0 

«0001722 4068:6 4.8235@-0 32027 4.9200-5 

30001676 417261 3e4117@-0 61958 353520-G 

«0001633 427462 3.8388e-c6 ~<1888 32628005 

276137 150000 2.486 

26489 2.6700 3.348 

265719 368300 3.777 

26.580 457500 4.20 

26302 7.0000 55060 

264162 8.2500 5.48 

265023 965000 5.910 

25743 12000 6.8 

2464 15.000 7.60 

256324 16.500 85024 

25318) 18.330 84 

255014 195670 8,863 

245904 21370 96281 

24483 28,5250 10.53 

245343 295750 1065 

245202 315500 11436 

245061 34,000 11.78 

235921 36.250 12419



CONCNs 

a/v 

235921 

234780 

23 498 

234358 
238217 

225652 

225369 

225086 

216944 

21,802 

215661 

215235 

215093 

20,950 

TABLE :137( CONTD<) RUN NOs $R.B.39(CONTDs) 

TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
TIME MASS — INCREASE AREA aa SUPER= RATE 
MINSs (GRAMS) — (CM) CM* = K(MIN"CM™) SATNs —-CM/MINs 

365250 12619 
0001592 437469 %.3834@-06 +1818 3.9808-G 

385250 12.60 i 
0003074 '52352 AjO}Ce-c6 «51714 = 3.8843@-05 

425250 1342 : 

: 30001482 4669.7 2:8G6@-G 41609 26281@-05 
45500 13.83 ? 

; s000T5O 4765.55 26117C-G +1539 = 146 110-5 
50,000 14524 

5000521 499931 2:9416@-0 <1364 1459720-0 
645600 15.87 

0002593 527468 157730@-0 +1154 95974@-06 
77«000 16,68 

0002498 552.6 2:11810-6 «1014 1.011@-6 
&9 000 17648 

90001215 558359 15258'@-0 ~.0909 5.521@-06 
100,00 17.88 

0001193 5670.1 154783@-06 50838 5.967@-06 
110,00 18.28 

30001173 5755-5 sPi60@- +0768 5.43320-06 
121,00 18,68 

0003409 592353 142196@-0 +0628 3,56270-6 
168;00 1988 ; 

50001098 6086 1413320-06 <O487 2:614@-06 
189500 20,27 

50001080 617161 8,8 75@~07 0116 15 7420-06 

220500 20,566 ; 

EQUILIBRIUM CONCENTRATION = 205181 INITIAL SEED AREA = 1198 

- 350 - 

  

  

   



=35i = 

TABLE: 138 

TEMP: 70.0°C 
Poe Bee 

Scam OS OP eg HT NG AO OD ome OD CD 

CE is 346 
Sai ere oo one one 

RUN NOs sR.A.7 
ee L0H OE ory SR OOD OS EEO ins OO Bows ee 

STIRRER SPEED ¢ 2000 RsPsMs 

SEED: BATCH P.E.PREPARED SIEVE FRACT [ONs 89~105 yp, 
ee ON OS EN ew Oud HD WS eg a MED Od MED HUT KD OD OES SE aw OOS Mea oh OOD OSSD RD EN GO OY ONG CUT DMD MNS CD EDO meee Rome ONE RD OM Eten MD a OS 

  

AREA 
CM> 

SR Oe SN 61D SOTO Kind Tad CANS SR EN at ng ONE END LHD HD Oe ay WED EME Heng 
6 

1120.5 

1310.5 

T4744 

1631.3 

1782.63 

192769 

2068.9 

2205 «6 

233864 

2467.8 

29389 

27171 

283764 

295561 

CONCNs TOTAL CRYSTAL DIAMETER MEAN 
IM/N TIME MASS _ INCREASE 

MINSs (GRAMS) (CM) 

296736 00000 1.920 
US «0008007 

29.569 24,000 2,449 
30005679 

29430 54,000 2,889 
60005 031 

295291 «000°. 3632 
: : #0004534 

296152 954000 3.764 
«0004138 

295012 113.00 4,199 
0003815 

28:873 133.00 4.634 
0003544 

285734 155.00 5.067 
«00033 15 

28.594 176,00 5.499 
«0003118 

285454 195500 5.4930 
«0002916 

285315 216600 66360 
«000279 

28.175 242.00 6.788 
0002659 

28,035 27.00 76215 
; «00025 36 

27«895 320500 7.640 
«0002426 

27s 6 365.00 8,064 
9 EP amg OM HO Oe ag HET SET OM Oe A HD acy WT Reng Hg Oey ve 

EQUILIBRIUM CONCENTRATION = 265310 

GROWTH RATE 
CONSTANT, 
K(MIN cM?) 

MEAN GROWTH 
SUPER= RATE 
SATNe  CM/MINe 
  

1585520-06 

1. 1088@-06 

153449@-6 

1<6283@-0 

1.566 10-06 

1.3 7270-6 

1.228600 

152796@-06 

164189@-0 

16299 0@-06 

150709@-06 

8,6871@-07 

646198@-07 

6694 74@-07 

1271 

1212 

31160 

31107 

«14 

1001 

«0948 

ee te ony 

INITIAL SEED AREA = 1014 

1.668@-05 

96464O-06 

14094@-05 

1525 9@-G 

1515 0@-05 

9353 70-% 

8560-6 

7«893@-06 

85206@~06 

7s 015@-0 

5337-06 
45029@=06 

258180406 

2:.6950-



~ 352 = 

TABLE: 139 

TEMP:70.0°C 
Seog OO cD ond 

eey 2 OO 9 OH Rasy we Oe ee 

CELL? C 
9 0 antag OW 

SEED: BATCH D PREPARED 
  

  

CONCNs TOTAL CRYSTAL CIAMETER 
au/V TIME MASS _— INCREASE 

MINSs (GRAMS) — (CM) 

29833 .00000 1,948 
760005299 

29.708 2.2500 2.345 
0005 168 

296569 85000 257% 
% - «0004602 

296430 176500 342 
Ue 50001166 

294291 26.500 3.664 
0003817 

293152 35.000 4,102 
«0003531 

29.012 44,000 4.538 
60006387 

28.734 62.000 5.409 
«0002911 

28:594 70.500 5.043 
60002757 

285454 79000 65275 
30005127 

28.175 100,00 7138 
40002392 

28; 035 1 Os 00 7568 

50002293 
276895 129.00 749% 

60002204 
27556 142,00 85423 

6 \ 3.8) 0002122 
2 6 1 1 6 00 ° 9 

wre «00029 

276335 18.00 9.699 
0001913 

276195 215400 10.12 
«0001853 

2765 245500 10.54 
40001795 

263914 290,00 10.96 
En G00 bOgey 990 D8 Grek pm 909 OD HO ED TUN MD PMO CO td a HP TO RD Ag GR Ne Oe HN GY OD OME EH A amy oben ok fae SO et Oa a PE ENO OD OY Cd A OM Ep HL oy EH OE OR nay So MOREY HOR Rhy 

RUN NO. 3 Rebel el 

Ce eee ee 

STIRRER SPEED 32000 RePeMs 
9 m8 Os OP 

  

SIEVE FRACTION: 75-69% 

“MEAN GROWTH RATE MEAN GROWTH 

‘ot uel Sie” Saw 
127062 162639@- «1315 15177@-O8 

14358 %.6266@-06 +1265 45135@-6 

161781 2:99 2@-06 «1212 2655 70-G 

178232 2+8433@-05 41160 231 40-G 

1940;3 268991@-06 51107 2.245@-5 

2092.4 2.66800-06 «164 14962@-05 

2309.4 2.6180~-06 097! 1:5 774@-G 

251969 2.76710-06 50895 = 18 7120-0 

2654.2 257942@-06 «0842 1,56220-0 

2848.5 2433280-06 «0762 = 142210-G 

303852 2.8186@-06 +683 143290-5 

3160.4 1433720-06 «0629 54 7320-06 

3280.2 261666@-6 «576 8.4 e-6 

339726 254983@-6 +623 8,0420-06 

3569.0 25115%@-06 «O13 6.29500 

37374 143568@-06 40363 342988-06 

3016.7 1.4954@-06 50310 350808-06 

395 461 161736@-06 0256 = 16995@-06 

EQUILIBRIUM CONCENTRATION = 26 «310 

  

INITIAL SEED AREA = 1185



CONCN; 

a/v 

SS OE AD OE Oe OD ME gah COPS CHOSE HY SUS Oe Oe OD AD ER EN SOD ER ea BE Oe SOD OO A ENE OR BNO AS ta ORD OO OE TR Wn A Ge te 

276192 

26859 

265580 

26.302 

253883 

256604 

253464 

25< 184 

255 OF 

24-904 

245623 

245343 

245061 

235780 

23.639 

235358 

236217 , 

225934 

22.652 

22.510 

22::369 

SEED: BATCH E PREPARED 
OF CO one OD OD ED Oh arey OD Oe O  ey DON t SE S T D  ay ONG Oa A LO SG NERD NE ANY SD OY AD OE OD OY ney At CHO LD GE OD HOGS OG OO SD Oe 

CD OG CL yy BS OO OH 

= 200% 

CELE sO 
OS ee ae OD 

RUN NO: R.E.F.2 
oo ee er 

STIRRER SPEED :2000 RePcMg 
on me Oca Hd ae SS OE ED Cow ay HO 

SIEVE FRACTION: 89-1065 yn 

TOTAL CRYSTAL DIAMETER MEAN 
TIME 

MINS 

«00000 

75 000 

167500 

2.5000 

4.50000 

9625 00 

568300 

7s 0000 

8.0000 

9.0000 

114250 

1355 00 

16 «500 

19.5 00 

216500 

2415.00 

26.500 

30.750 

37000 

40, 000 

43,000 

MASS 
(GRAMS) 

15970 

35006 

3.065 

4721- 

6,000 

6.847 

79269 

8.112 

8.531 

8550 

957% 

10,62 

11045 

12527 

12.369 

13.51 

13692 

14573 

19655 

193D 

16536 

"a 
0009189 

2007 

0004801 

6 00 032 

«0003470 

#0001607 

0003010 

«0001412 

5 0001359 

«00025 78 

«0002411 

-¢ 0002268 

0002143 

-¢0001028 

0001983 

“6 0000955 

50001847 

0001768 

«0000856 

«0000839 

  

GROWTH RATE MEAN GROWTH 

‘Ge eneeey Se” Siw 
192164 3.3838@-0 +3391 6%126@-0} 

2522.8 1.6880@-G 3240 2,887@-04 

3020.6 149655@-05 «3102 3.201@-04 

3593.6 1.3142@- +2929 2,011@-0} 

413459 9<7217@-6 .2756 14388@-04 

WZ 51 140137@-05 +2652 16305@-04 

473862 948191@-0 2548  1.286@-0} 

50274 5<6477@-06 2444 7600-05 

5214.6 546071@-0 42375  64793@-G 

5488.2 469580806 42271 5. 7288-05 

584453 4.9651@-06 42132 5.3588-05 

6189.5 3.7660@-G +1992 3.57800-05 

6524.7 36840-06183 3.85 718-0 

677068 269468@-6 «1748 245708-G 

701036 4,0415@-6 1044 = 3.53. 10-G 

TAIT 321327@-G «1539 263870-G 
747857 36075@-6 51434 = 251 730-6 

718250 252263@-0 1294 146415@-05 

800555 254536@-06 ~1189 1,4270-6 

8152.1 2.5618@-G 51119 16398@-0



~ 354 = 

TABLE 24:0 (CONTDs) RUN NOs :R.E.F2( CONTD.) 
PO OO ey Oy OH OT UD 6 BR eg OM OE ng CON Sd Gnd fed Oo Pe 88 OF OS ay ose eee Oa OS ep EE AB LD   

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
@/V TIME MASS INCREASE AREA CONSTANT. —« SUPER=_- RATE 

MINSs (GRAMS) — (cM) CM* — K(MINTCM*) — SATNe = CM/MINa 
men enone we an ee OO HS NA OE Na 8 Hy wot ne om Oa a hg Sn Rw A ate, Sn mg eto a San On Oy Hen xn a HON Ha ange a ew mf 3 

225369 43,5000 16.36 
«0000823 8297.2 2430308-6 +1019 1.17}@-05 

224227 46.500 16,76 
«0000807 8440.8 2583200-06 50979 1.345@-6 

0001571 ©6532 2:4826@-6 <087) 1.0480-0 

«0001516 893254 1.9580@-6 0733 6.8908-06 

2208 49,500 17516 

21,802 57.000 17.496 

216519 68,000 18,76 
30001465 9206.4 253571@- «92 6,6580-06 

30000714 gO9s1 141848@-06 <0187 2. 747@-06 

#0001394 9608.2 2,29080-06 . ,0381 4,1008-% 

60000681 9805.6 2.38800-0 0275 3.4096@-6 

60001591 10025 2.44020-06 <0155 1.591@-6 

21.235 795000 19.56 

212093 924000 1949 

205808 109500 20.7 

203666 120500 21.14 

os teh ee «0000516 10230 145731@-6 0012 2.578@-07 
206210 270500 22,40 

2s can oy Bo Hd ooh HD corse ae pee AR eg Ts OG SH ag OO PRD ons FO OND 09 0 oo 

EQUILIBRIUM CONCENTRATION = 20,181 INITIAL SEED AREA = 1578 
 



oem 

TABLE: 141 RUN NOssR.E.F.4 
79 La mH oy cand eng Oro He 0 OR Rh NOG RE ane Bey GEN A NO OE oy OO See 

TEMP360.0°C CELL? G ~—-STIRRER SPEED :2000 RsPsMs 
0 © ay os Oe oe oe ee Oe SO Cy 608 OO OD OT VO bad Oy DOD Ee 

SEED: BATCH E PREPARED SIEVE FRACT [ON 389-105 
OF OS OD GS WS ee TENG GD ONS OND RM EY HS OU eh CHS EM. OG MT gy HO OS eg UD MODeRG 

  

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
aM/V TIME MASS INCREASE AREA CONSTANT. SUPER=_ RATE 

MINSs (GRAMS) (cm) CM™  K(MIN'CM9)-SATNs =~ CM/MIN 
wo roa e09 A Se, sm a 

“alk; 483 «#00000 1,988 
0004150 1738.6 2.62070-0 52200 2;9610-05 

0003555 202343 945837@-07 82130 91. 0150-05 

30003127 229443 2612360-06 2060 25233@-05 

245343 7.0000 2.414 

25202 245000 25838 

245061 315000 3,262 
«0002802 2553.5 8.6471@-07 «41990 8; 756@~06 

30002547 280235 1.3075@-6 .1919 1.271@- 

30002341 3042.5 1,01210-06 1849 9.7530-06 

235921 47,000 3.68 

238780 575000 4.16 

234639 69,000 4.52 34639 69 527 40002170 32745 1409902- 41779 9863@-c6 
#0002026 3499.5 9.48202@-07 ~<1708 8,440a-06 

#0001902 371550 1,0623@-6 «1638 8.647e-06 

«0001795 39307 9353920-07 41567 7«480a~c6 
30001701 413842 8.76290-07 «1497 6543-06 

238498 80,000 4,947 

236358 925000 5.366 

236217 103.00 5,784 

23607 115600 6,201 

225934 12800 6.61 
= : 30001618 434057 945032@-07 1426 6 57420-06 

60001544 4538.8 8.20030~074 41356 = 5.5 14@-06 

20001477 4732.6 9.6848@-07 4128 66155@-06 

60001417 4922.6 9.1001@-07 «1214 5.450006 

224793 140,00 75032 

22.652 154500 Ts446 

22.510 166500 7589 

224369 179300 85271 

: 60001362 5109.0 7.1237@-07 1144 4 006@~05 22227 19%<00 8,683 | ? GSR. 4 .



~ 356 = 

RUN NOs &R-E.F 4( CONTD«) 
  

    

8 9 eg A 

GROWTH 
RATE 

(RE ance ON OM ed ANE HED ST BN OD OD CD Hd ORD 

4 5099@=06 

3«193@-06 

2565 0-6 

24528006 

1563905 

1.547@~06 

TABLE 21.41 (CONTDs) 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN 
IN TIME MASS INCREASE AREA — CONSTANT SUPER= 

MINSs (GRAMS) (cM) CM* —K(MIN'CM%) ss SATNe ~—sCM/MINa 

224227 196,00 85683 é 

i 0001312 5291< * Q-0 ‘1 
22,08 212500 9.093 29169 eee FSO 

: : «0002491 & «7/1 0@= < 
21,802 251500 94911 eee a Del 

0002332 5907s1 6+6300@-07 0825 
21519 29<00 10573 © : : 

: 50001112 616158 752906@-07 0718 
216377 34200. Tg Je i 

«90021 ] ° 6 =0 . 12 

215093 382,00 11.94 F - uf a. a 
0001 021 aol  Os4l =O ‘ 

205950 415,00 12534 ~ ° a vt ya 
et en 8S Am ne CAD Ht   

0 Fe OND ey RAE ey Ph A BW Ho cond tomy ND HOD HAD BS ng EE BY BO Peg AD RO cal A ea ong Ci MHD AR U8 MOS AM 

EQUILIBRIUM CONCENTRATION = 20,010 
eMae 

INITIAL SEED AREA = 1593



=: 35T ™ 

TABLE : 142 RUN NOs R.E.F.5 

TEMP:50.0° CELL? C ~—- STIRRER SPEED :2000 RPMs 

SEED: BATCH D PREPARED SIEVE FRACTION: 75- ~69 p- 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN — GROWTH 
a/v TIME MASS INCREASE AREA — CONSTANT SUPER= RATE 

MINSs (GRAMS) — (CM) cM= K(MIN"CM)  SATNs —CM/MIN 

195278 ~<00060 149 
es % 0003251 170.0 153432@-07 2725 14355@- 

19<165 120,00 2.312 
0002182 1897:3 3:706@-07 +2660 3.637@-06 

19,081 150;00 2,556 
«0003264 2109.7 2.9579@-07 258  2.814@-6 

185939 208500 2;963 
#0002902 2365.7 4<0716@-07 «2491 3,47200-06 

185798 247500 3.369 
0002622 261142 445313@-07 «2398 3.972@-G 

18.657 280,00 3.773 
«0002397 2847.5 4.7583@-07 «2301 3.996@-06 

18.515 310500 45176 | 
40002213 307536 3.7247@-07 «2210 2,991@-6 | 

183374 347.00 4.579 ' 
0002060 3296.4 5.3728@~07 <2117 4<119@-06 

18,232 372500 4.980 
«0001928 351057 3«3003@~-07 +2023 25410@~06 

18;090 412,00 5.380 
0001815 371951 369613@-07 «1929 2.750@-G 

173949 445500 58779 
60017972 5015.8 3.4464@-07 41252 1.404@-06 

165,016 10550 1166 
7 000619 6256:5 2.7667@-07 <094 5:628@-07 

153961 114050 11.28 
0000608 634957 252102@-07 +038 4.064@-07 

15«87% 1215.0 11.51 
0001535 6514.8 4.5482@-08 .0434 6.477@-08 

Pee eee ta a SY OE OM op OR OR OY NS as HO DHPC He Daw HP 0 ex ew OPO Be HOS ON Gan GH Ci DVO Re EMD SH AND TOM DG Oo BS Wh emE oe TY OEE row Ad Meg OEP EE MinD Gee WH AMEN WS) Tine OD OED Se 

  

EQUILIBRIUM CONCENTRATION = 156106 INITIAL SEED AREA = 1590



- 358 = 

TABLE: 143 RUN NOs :R.P.E.R.4 
me 8 os OE OT ne ak Ot nee 2 OD OB as CS ong OD MS ROY ED OO ER HD OT oan Bd HDD 

TEMP:70.0°C  CELL:C —- STIRRER SPEED :2000 R«PsMs 
ot a OS me OR OA me OO 6S og ed 28 goog goed OAD ey Hd HD ONS OP og ET ON SOE 

SEED: BATCH P.E.PREPARED SIEVE FRACTION? 89-1LO5m 
2 ome ag 100 BAS tm Sane OO GRY ORD Bed HO Hd TUE CHG HH TaD HD One SO HS SAD MOD Red CRY OOD eae tg GOK) ENT END OED Se Ts UM eng Mites ONS ead SDE) (On Oud Ge AD Gd mE ORD Sed GD Om 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN = GROWTH 
av/V' TIME MASS INCREASE AREA = CONSTANT SUPER= RATE 

MINSs (GRAMS) — (CM) cM™ = K(MIN'CM?)  SATNs = CM/MIN. 

"align geno MIO” ke ge kk ae 
276343 13.500 25431 

27619 37.000 2,890 

27607 905000 34346 

  

000688 113336 3565702-6 «108  2,.5508-0 

005913 1314.66 169180-06 <1008 142580-6 

-s0006)200 148.8 7.9947@-07 <0949 4.9060-06 

«0001659 165152 8548180-07 «+0889 4.630~-06 

«0004232 1808.8 7.66120-07 0829 4, 69Q~06 

0003885 1960.4 7.9213@-07 <0770 3.688@-6 

«0003588 210.5 3.4745@-07 «0710 1.5600-6 

26899 138.00 3801 

265751 190500 4.253 

26:60 240,00 4,703 

263455 3595500 5«149 
@C003342 2247.6 5.4514@-07 50650 252280-06 

266307 430500 5593 | 
40002212 2364.2 4,9163@-07 «099 saa 

A ar 9 Oe ONO emD BEE 0 00 ee Om ery Onnay OR One wn Om Hm 0 Afb 85 O20 ORF Sh HOA CD MD OAD OH He AIH fh OED SON ced Oe cay ME AD OD EEO SD Cah ORY OMS er EO OD Gg OEY DS TE OOS GOD AE Hay Ta ON HN HO HD Ad eine FED WD Im AE oud ew EO OHM 

EQUILIBRIUM CONCENTRATION = 26771 INITIAL SEED AREA = 1041



= 359 - 

TABLE: 144 — RUN NOs’ R.P.B.P.5 
8 CO OU eg AO Og OS EM ge On OOF aad OW 209 OP EMD Ram Oy PUL Ie ay OE Pa Ce AOE Hg 

TEMP S0.0°C =. CELL STIRRER SPEED 2000 RsPsMs 

O8 es ON my HS ey HH OR ng HOE Hed eg PH DY OD ot HD MG ey FED Se ne SO OO ENS AO Be OE Sen HOD ek SED OD A ey DA GOD Me ey ED OD OAS Od HOY a HD OM ow 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
A/V TIME = MASS_——sINCREASE AREA = CONSTANT, SUPER= RATE 

MINSs (GRAMS) — (CM) CM —K(MIN“CM)  SATNe = CM/MIN« 

30004580 127658 8.5255@-6 +1638 6.5430-0 

«0004679 155763 1s4862@-06 «1568 1,0880-6 

3000383: 187.0 7.01220-07 «1490 4.&4e-c6 

80003328 216850 4.6346@-07 .1412 3.0250- 

21482 25,000 2,769 

215337 655000 3.196 

21«192 120,00 3,622 

216016 225.00 4,046 

20.901 310,00 4.467 

20002917 245852 2;2664@-07 +1334  1.4389@~06 

0002605 2737-5 2:6702@-07 +1256 1.533@~06 

60002360 3006.9 2:75410-07 £1178 140-6 

60603377 3341.9 268943@-07 +1076 1.407@-06 

30011312 433904 2.6384@-07 3037 8.197@-07 

60001156 522562 157598@-07 <0425 3.2108~07 

205756 390,00 4.886 

205523 510500 5.552 

198491 1200.0 8.434 

  Aen Heo OM rn OS Oem” Gok folg NeN BIG OD AOD ce Led OOP ED OED OD Gg Mi HO ED Ce OD Sd MM znd A DD DD OM OED TD HO nD OO ed DES OA On og 2am ont Om og 8 ome 

EQUILIBRIUM CONCENTRATION = 18,634 INITIAL | SEED AREA = 1153



TABLE: 145 RUN NOs tR.P.E.F.6 

TEMP:70.0°  CELL:C == STIRRER SPEED £2000 R«PsM, 

Hm ed AY BOD MA oey ON OO OD ORT EY OLid OME IED OG OHI OTH ED Hy HOW COUR AHH OO IMT ay OH HER EDD TOD tomy HED PE OUR EY Owed SE DAD DAE OPO ESF Quy MAD GID ED ang HD oe OY ume OD 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
mM/N =6TIME ~— MASS INCREASE AREA CONSTANT, © SUPER= RATE 

MINSs (GRAMS) (cM) CM~ K(MIN-CM*) SATN« = CM/MIN« 

60001324 108363 2.9670-0 41116 251620-5 

50006320 12294 5.0)82@-07 «1068 3.45110-6 

#0010120 148642 1471408-06 50979 14 085@-05 

«0008491 180742 1.43521@-06 089 7.440-06 

#0010490 217351 161119@-06 0710 4.995@-06 

30003061 2451.6 658787@-07 3090 2.551@-06 

60006685 267053 763651@-07 0489 2,229@-06 

30003049 26953 7+22088-07 50362 16694@-06 

30005083 309348 2.6589@-07 0280 4,3820-07 

278491 10,000 2,221 

276343 100500 2.679 

273047 148500 3.592 

265751 20600 45498 

266307 310,00 5.643 

264160 370500 65286 

2586 520500 7.340 

253627 610.00 7,862 

253302 119050 85791 
22 OM exe ME ETD LOD TAD AD ons OO HY ETT Her Ie BOS TD V9 PAB OD BO SRO Gd AD ODE OER OT EY MM Oud BD Od HII CD DO GH AY Cy ADS HAD Hd OO AD OND MAD AO Ty doting TH ADI AS OD A Hang SO SW Peay MNO GRE gag OP IAT Obey 

EQUILIBRIUM CONCENTRATION = 24.771 INITIAL SEED AREA = 1027



« 361 < 

Oe om ce ROR Oe HN eg EF KMD A ey AT ONY HY CG OTS Hs ND ED 

eeeemmmere NE ER RR AY HD HE I ERT OM aD AE OM HOO ED OTE OD 

SEED: BATCH P.E.PREPARED SJEVE FRACTION:89-105 » 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
gu/V TIME MASS INCREASE AREA CONSTANT, © SUPER= RATE 

MINS: (GRAMS) (CM) = CM* ~—-K(MINCM*)  SATNs ss CM/MIN« 
0 10 DOS OF OD EN Gee GRD ONE OW Od Oey BD DO OM OY OM OOM Gee EER OE eh Oe AD EL SOY HY ONY OOD HSS yng OE RD tend OG OD OY DOD an a 28 Rl ye os 68 owe 0 on   

50006976 113164 2:84608~05 51487 25 7900-04 

400598 1314.4 1482300-05 <1427 15 7100-04 

5000267 1488.6 151759@-0G) +1367 1483@-08 

30001722 165561 6s5016@-06 41307 56555@+05 

50004292 181550 4.8026@-05 41248 — 3.9020-05 

50007606 204253 360213@- 941158 = 242710-G 

5006620 233134 3<4089@-06 £1038 2,283@-5 

0003020 253837 2.61220-6 <0949 14589@-6 

000281 26713 26796100 0889 1.589@~05 

50002719 2800.7 1471520-05 0829  95063@-6 

0002593 292762 2s4114@-06 50770 = 161 79@-05 

s000}860 3110.9 1:6646@-06 5680 75147@-6- 
265307 125:00 8,804 

0002282 329058 1;808%@-06 +090 6,713@-6 
265160 142500 95248 

40002196 340751 184364@-06 +0631 4.774@-0 
265012 165.00 9.690 

40002114 352152 7s2013@-07 <O471 26114@-6 
2504 215500 10513 : 

0002038 3633.0 6.1516@-07 <0411 1.568@~-0 
2«716 280,00 10.57 — | 

#0001151 37201 3.4384@-08 «0364 7.477e-08 
25«627 1060.0 10,82 

50001096 3782.2 4,1863@-08 0328 7.941@-08 

  SOR OR ag OH On Coy BN SP ee EN OR SRen ONSET ORE ~ RS 09 as ocd 29 OED AD OD eng HAG CED OO gg MOH BH HD GRC HN CED OMG OD eg Das A alk HD ON ENG Wine Od 6 OT OD 

EQUILIBRIUM CONCENTRATION = 245771 INITIAL SEED AREA = 1038



- 362 ~ 

Let caitagety PD ety Gay RAN CBE HOD MD ©P 60 28. SO HE HD OP OAD ONE AOD SS GOR OOS MCS Ob ces OOP 

TEMP: 50.0% CELL: ¢ STIRRER SPEED: 2000RsPsMs 
Wee Ott Rene me OTe CR em pe OO O89 Ore OR ag OT OU RO ED OD OD 

SEED: BATCH P.G.PREPARED SIEVE FRACTION: 89-105 jo 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
MN TIME MASS INCREASE AREA = CONSTANT, SUPER~ RATE 

MINS. (GRAMS) (CM) cM K(MIN'CM*) SATN.  CM/MIN« 
29 OS Oey 01 Omg FHP EE CD TAD HD EM omy TD TH OE ng HED LO OD 2p Te He EAD ME OO Oe won   

20005301 1298.4 3.2832@-07 «2359  2.651@-06 

<0004298 1591<3 257999@-07. «2258 2,149@-6 

~0003616 1881.8 2,0663@-07 «2157 1.506@-06 

50002535 213657 2.0272@-07 <2067 1.408@-06 

6002582 389433 3.1173@-07 «1288 1.202@-06 

20001135 563450 Lene a 30499 = 2522@-07 

17232 200,00 2,802 

175090 320,00 35203 

16.977 410,00 3.523 

+ 14.892 148.50 9.237 

145748 171050 9.615 
AD OS Cd Ca AND OED Sd OH OND SD Gay UD A OD OD Oe He ey Goa HD A ANE OG AME GD MD CED OEP Gey ENE WD LH LOD aD EL OD ERD HD HG EAD AE SP AND RP Oey OAS TU oe Gd Mee CVD ons Tb AY Tet ign HOP eno OUI ARde TD TP END END Hany THO Wey Hod es GoD OOS 

EQUILIBRIUM CONCENTRATION = 145116 INITIAL SEED AREA = 1152



= 363 = 

TABLE: 148 RUN NO,3R.E.40 
eg Md OUD HO By HO TD GA TER 620 wD 88 08 BB gy A Se FM oe OE OR yew Ad OREO Oe VED OD 

TEMP: 70.0¢  CELL:c STIRRER SPEED: 2000R.sPsMs 
CN re oe One aR coon Kten oa 6 wR HY TR BO ony CHP BY ALD Oy E80 Fw at BO 

ER OG Sh yey OF Oy LD ND OO OD Bay OME HS ome DE EE HAD con HOE CR OO Ae fo SA MEAD LN AAT HE CLR SAR gy HU EDIE HY Cay AAD OD Oe Cay ON SD rnd Gey OD CO OR} TED SOD com MOD OR 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN ~ GROWTH 
WM/N TIME MASS INCREASE AREA CONSTANT | SUPER= RATE 

MINS« (GRAMS) (CM) CM? K(MIN 'CM*)  SATNs = CM/MINs« 
OR Cat Ong HD ONE HO OOD FAD Oy OA Om EE GO cy ON Gy SMD HE On ED SD a org oe ~ ae en om emg PNG MTD Bt HD ES ON ETL ag I MM eEg CA ee OD OD MEG   

0001312 173462 481508-6 41265 443120-0 

0003676 2028.7 3.0698@-0 41212  246260-6 

«0003222 2308.6 2.6340@-06 .1160 2,148-05 

60002880 2576.0 2.1836@-G .1107 1.694@-05 

5005014 2954.1 1.83820-06 51027 143208-6 

0004293 3432.9 1,8642@-0 ~<0921 141930-6 

30010276 429262 1.6394@-0 +0709 7.901@-06 

50001439 501655 164503@-06 «023 5+1410-0 

30001383 520762 143621@-06 070 453220=(6 

0003861 557563 162355@-0 40363 259700-0 
30001199 593750 143027@-06 +0256 2.221@-0 

«0001161 611165 163111@-6 «023 1.59-6 

0001124 6283.1 160439@-0 <0150 1,.022@-6 

      50 om TR OF OM One Ox OR OND ae Ae Oo ooo em ow bw a ans on mn ee 

EQUILIBRIUM CONCENTRATION = 26,310 INITIAL SEED AREA = 1583 
 



APPENDIX B= ANALYSIS OF PREVIOUS WORK (1)



> hn 

TABLE: 149 

SUMMARY OF PREVIOUS WORK (1) ON SEEDED CELLS STIRRED AT 500 R.P.M. 

  

    
  

    

OLD RUN NO: Rou R.20 R21 

NEW RUN NO: RieAved Renee ReA 3 

p % 60.0 70.0 55.0 

¥ x" : % 
SEED 44-53 p-4 Abim5 paek. A4~53peA 

n/u| TIME | x10" , loran/v| TIME | Kx1G 7 | cfa/vi TIME | Kx10 7 
MINS tmin7+om™ MINS jmin-lom-2 MINS min~Lom72 

24.00: 0 13.95 30.00! O 2.97 21.50} 0 ae 

23,88! 9 29.86] 5 21.41} 10 

23.771 80 | 272 log.7s} 14 | 14% 101.29] 25 T7+5 
225 1.175 12.9 

23.65| 130 | 29.601 25 21.78} 110 
1.69 1,100 1937 

23254; 195 29474 37 21.06} 255 

; 20335 1.40 8,02 

23.43! 240 29035| 46 20.26] 1114 
1640 1.39 8,01 

23.31} 300 29.22] 60 20.15} 123d 
2,05 1059 4.09 

23.08! 400 28.96| 75 20,03} 1470 
‘517 : 1,097 5.00 

21.83! 1444 28.84] 86 19.46} 2550 
2.51 1.242 4.98 

21.71} 150d 28.71| 96 19.35} 2790 
0.552 0.428 4.28 

21.60} 1800 28.58] 125 19.231 309¢ 
00395 

28.45| 158 
0.359 

28033) 195 
0.275 

28.07! 300 
| 0.313 

27-94) 350 
0.169 

27.218] 123¢ 
0.17 

27.05 1564                 
  

# SPECIALLY PREPARED SEED



= 365 ~- 

TABLE: 149 (CONT. ) 

  

  

1 

| so RUN NOs | Re3 R.27 R.29 

NEW RUN NOs ReAed RePeAcl RePsls2 

TC 80.0 60.0 70.0 

SHED AA 53a" Ab-53 PrP oe A455 p-P oe” 

o%n/ vy | MINS eae ants ofen/y | MINS non oan /v | MINS min” tom" 

37.00] 0 24,00} 0 29.00] 0 
74 15 03 49.0 

36.81} 265 23 288 f¢ 28.701 3 

7°19 508 2.94 

36.68} 465 23.77) 26 28.64} 95 

4.22 : 0.78 12.218 

36.56 8 23,.65| 140 28 39] 115 
Ca5 6679 16.05 

36.43, 15 23 45} 165 27e75{ 150 

1.65 6.47 , 9044 
36031 24 = 23 620} 190 27062} 163 

1655 4.79 10.3 

35.68] 74 22',63| 270 27.501 175 
1.07 10.5 

135057| 90 27 2H} 200 
1.225 9.31 

35045; 105 Saad eay. 2 
| 0.94 9.82 

35220] 150 26 99} 230 

0.895 9.01 

34.95| 210 26.48) 310} 

34.82) 243 26535| 325 
5.46 

26.22| 375 
6.70 

26.09} 425 
7093 

25-97} 480 

  

  
        
        

mw SPECIALLY PREPARED SEED 

     



<6 = 

TABLE: 149 (Cont. ) 

  

    

OLD RUN NOs R.30 R31 Re32 

NEW RUN No: R.P.A.3 R.C.1 ReP.Ae4 

tC 80.0 - 60.0 50.0 

SEED 44-53 PA.” 44-53 jaP ohn 7 44-53 Pode 

TIME jKx10~7 TIME] Kx10~7 TIME| Kx10-7 
ofem/v | MINS min’ tom" ofmn/'y | MINS min” tom" | ofa/v {MENS min” om 

36,00] 0 . 24,00) O 18.50} 0 
2.82 5.70 4.82 

35419] 26 23.88] 25 18.18] 25 
1.53 5017 3238 

34.941 45 23.77| 40 18.06} 60 
Lel? , 105 1.78 

34.56] 85 23.20] 100 17295| 120 
1.42 5 663 0.860 

34044} 97 22.97} 145 1784} 300 
1.635 5.20 

34.19} 120 22.85} 170 
1.13 5 3iL 

3394} 160 22631] 220 
20715 4.78 

33.82] 170} 2251| 250 
| 1.62 7044) 

33057} 215 22.28] 290 
0.983 6052 

3344) 270 22.17} 315 
i 

  

          
  

wx SPECIALLY PREPARED SEED 
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TABLE: 149 (CONT. ) 

  

    
  

OLD RUN NO: R.33 Re34 

NEW RUN NOs ReAed R.P As 

Tc 50.0 80.0 

SEED 44-5 3p, A 4A-53 po 

TIME! Kx10l TIME| Kx10l 

ofan/'y | MINS |min~tom~4 | o%n/v| MINS min™ton7@ 

419,50] 0 36.00| 0 
Cae 4.22 84 
19.08] 960 35056] 4 

5.16 4e21 
18.96| 1140 35044) 705 

, bo ead 4.19 
18.85] 1380 a5 ot Ty 

1.60 
35.19] 20 

1.835 
35.06] 28 

1.837 
34094} 36 

3641 
34.69} 45 

2.315 
34056] 52 

2044. | 
34044) 59 

2.01 
34.32| 68 

0.723 
34019) 195 

1.125 
34207] 114 

1622 
33094} 124               
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COMPUTED PREVIOUS RESULTS(1) WITH PREVIOUS SIZE ANALYSES (D, \s AND 
PREVIOUS EQUILIBRIUM VALUES 

TABLE 3 150 RUN NOs: R.P.A.2 
9 Des 29m OH OD OAD ce SNE ORD MD Cem "ih ap Oa Ht Se Oh 2D OAD OR HR OE one Mot OVS oe PON, 

TEMPS0.0°C = CELL A STIRRER SPEED: 5OOR;P<Ms 
wammes 2S Nt OS OD PART Oot OA OF 3 69 OE BO Og ene 

SEED: BATCH P.A. PREPARED SIEVE FRACTION: 44~53 4 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
MV TIME MASS INCREASE AREA = CONSTANT. SUPER= RATE 

MINSs (GRAMS) — (CM) CM = K(MIN'CM") = SATN« = CM/MIN« 

24.021 400000 2,000 
  

0002117 324259 152334@-06 42491 = 1.5120-G 
23887 7» 0000 2:40} ; 

7 «0001739 4014.9 358 95@-07 <2k20 4.5 760-06 
23570 2;000 2,815 ~ 

. 0001430 476141 5«4683@-08 2350 65273@~07 
236616 140500 36217 ; 

: : «0002346 5803:4 4528300-07 +2245 4.6920~06 
23349 165.00 4.019 , 

50001901 711652 3<724@-07 «2106 3.8020-6 
235082 190,00 4,817 

40003653 916462 2.5378@-07 +103 2:283@-6 
225419 270500 65787 a 

EQUILIBRIUM CONCENTRATION = 19% 177 INITIAL SEED AREA = 2056 
  

TABLE 3151 RUN NOs R.A.5 

TEMP:50.0C  CELLs:A — STIRRER SPEED: 500 RsPsMe 
“mem cwoe oe a a CQ OECD Ree Sarpy ona Dar Cerny omy SM OD MD 

cree BATCH A PREPARED S{EVE FRACTION: 44-53 y 

CONCN« TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
u/V TIME MASS INCREASE AREA CONSTANT.» SUPER= RATE 

MINSs (GRAMS) (cM) cM K(MIN'CM) SATNe  CM/MINe 

194380 00000 2,000 

18,880 960,00 3.452 

183753 11400 3.818 

40006010 4225.6 342251@-08 +2501 34130@-07 

s0001G2 5896.2 3.4119@-08 52296 249228-07 

40000928 652342 2.43463@-08 <2214 149339-07 
18.628 138050 4615 i 

BO RSS came CP DE OY ES RA LD HUE DOM ERG Nene OH Mt Him OO OE Med BO OAD cm EME OD tag UND OCP HO 8 me ee ee ee 1200 0g Oh BY ape 

EQUILIBRIUM CONCENTRATION = 156302 INITIAL SEED AREA = 2877 
 



COMPUTED PREVIOUS RESULTS (1) WITH PREVIOUS SIZE ANATYSES(D, ) 

BUT CORRECTED EQUILIBRIUM VALUES 

TABLE: 152 RUN NOs: R.P.AoL 
ee Ech OA es ME OD Og WU OM SE OO ng BS OS OD SFOS 

TEMP%0.0°C CELL: A  STIRRER SPEED: 500 RePoMs 

SEED: BATCH P.A.PREPARED SIEVE FRACTIONS 44-53). 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN ~~ GROWTH 
du/V TIME MASS INCREASE AREA CONSTANT, = SUPER= RATE 

MINSs (GRAMS) — (CM) cmt K(MIN-CM*) SATNs —CM/MIN« 

24.021 00000 2,000 
0002117 3242.9 1.61074@-06 «285 1.5128-0 

23.887 750000 2.404 
«0001739 4014.9 3.4548@-07 «2782 4.5 760-4 

  

235750 26,000 2,815 
40001430 4761.41 4:8795@-08 +2710 6.273@-07 

23.616 140,00 3.217 : : 
50002346 5803.4 3.8026@-07 «2602 .692@-06 

23.349 165500 4,019 
{0001901 711632 3.2822@-07 «2459  3.4802@-0 

23.082 190,00 4,817 
0003653 9164.2 ae Ore «2209 2..283@-06 

225419 270,00 6.787 

EQUILIBRIUM CONCENTRATION = 183634 INITIAL SEED AREA = 2056 

TABLE? 153 RUN NOs s RoAe5 

TEMP?50.0% CELL:A = STIRRER SPEED: 500 RsPsMs 
on oy ee eo a OO Sone 8S OS ae Lota w Hise CH OO AN ER eee 

SEED: BATCH A PREPARED SIEVE FRACTION: 44-53, 

CONCNs TOTAL CRYSTAL O{AMETER MEAN GROWTH RATE MEAN = GROWTH 
W/V TIME MASS INCREASE AREA CONSTANT SUPER= RATE 

MINS« (GRAMS) (cm) CM = K(MIN ow") SATNe — CM/MINs 

19380 ~00000 2,000 

185880 960,00 3.452 

183753 1140.0 3,818 

  

  

0006010 42256 3.42036@-08 2522 35130807 

0001032 58%<3 3.3871@-08 2317 259228-07 

0000928 6523.2 2.328@-08 4223 1.933@-0 

18,628 138060 +615 a q " 

EQUILIBRIUM CONCENTRATION = 156277 INITIAL SEED AREA = 2877



~ 370 = 

COMPUTED PREVIOUS RESUUTS(1) WITH CORRECTED SIZE ANALYSES(D) 

AND EQUILIBRIUM VALUES 

TABLEs 154 RUN NOst ReAs5 
28 aw Oa ey OH OY OD MOD OD AMD Te Me OUD OD A CH tm gd ANE Bd MD Eng BD HO COD keh Cots OO 

TEMP: 50,0C CELL: A STIRRER aes 500 RéPsMs 

SEED: BATCH A PRERARED SIEVE FRACTION: 153 ya 
OO ER GH Co Hong I NG MAN EY OE OH HON EO Ere AO HD GE ED HH AOE Ones SY aE EHO Oy UD OO HN nk SO Se OOD Rh POE AOD OR Mee MD OE Oh oe ene Om Oe EO 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
IMN = TIME MASS INCREASE AREA CONSTANT, SUPER= RATE 

MINSs (GRAMS) (cM) cM —K(MIN“cM") = SATNs = CM/MIN 
ot ene Rag eon Sam we SED Gem ae ON Ca Sey dH OO ay ON Oe ay SS BME SON ER ny AL OD SO. GO RD AR OD A OOD OND OOM ey EE ICO OL SED AON SO SD cD SOS OD SN Hy SD UD AP HB ON HE OR nD ON AD ony Sus Sy on OD RE AN0 UN One ne 

19«380 ;00000 2,000 
3005954 4264.9 3.617400-08 2522 3,4101@-07 

60001013 5916.4 3535@-08 2317 2.897@~07 

«0000920 ats" 2430%@-08 42235 1+9180-07 

18;880 960,00 3.452 

18.753 114050 3.818 

18.628 138050 4.175 
OO HO Ges ETD SER remy HO HI HED EON OD MO BOE Oe OOD SS Lm OS OND OD OS Go OH OD SES WD AS DGD OO ne OO GD LTE CU HOS ORD SEP Oa ony Ste SH ORS EDEN fag eae > OT By tw   

EQUILIBRIUM CONCENTRATION = 15277 INITIAL SEED AREA = 2907



- 371 - 

TABLE: 155 RUN NOs: R.A.L 
(28 A he TR Om Arg a OY TO Ee 0 Wet O98 0 Oe LN HH FAD LO Oh ON Ca OER AOD ERE Me OD 

TEMP S0.0°C CELL: A STIRRER SPEED: 500 RePsMe 
ore 0 a te Be me Oe Oe 23 we te OF BE ME By OO Be ED oe AES 

nt OAD aed NS SS ML On OG Mae OS OE Gd BL OD ON PG PS OT ESOS EO Cm OP ee THE WD OTF Oe EG THD HD Oe LON INO LAT ONY AD OD ER OT GD MOND HO OD aD EEF OO OE OO 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
iV TIME MASS — INCREASE AREA = CONSTANT SUPER= RATE 

MINSs (GRAMS) — (CM) CM K(MINCM*) SATNs  CM/MINe 
24 OF) D8 Cg Om feed BD BaD hee FHT UG Cand ODE) OO SOHO oe mo oe. 8 me ot OO oe Stas 

23.845 400000 25000 
    

20002027 327536 151652@-06 «1884 1,41260-G 
235716 960000 2,390 

0001680 4022.6 1.2737@-07 +1819 1.183@-06 
236583 805000 2;789 

50001384 4763<1 1:5515@-07 «13 1.384e-6 
235454 130,00 3,178 

60001201 54757 1.07%@-07 «1588 9.2400-07 
236324 195«00 3.566 

0001065 6165.6 1:4395@-07 «1624 14183@-6 

0000959 683362 1.0152@-07 «1559 76990@-07 

0001698 779651 1+1533@-07 1461 8,490@-07 

235194 240,00 35954 

23.064 300,00 4.341 

22,802 400,00 5.122 
20006098 11270 5.6616@-08 1067 24932@-07 

210448 140.0 945131 
~0000}07 14329 1,0074@-07 +0689  3,4396@-07 

216329 1500.0 94476 
«0000395 14768 251415@-08 .0629 645 79@-08 

28 ao OPO FER OD SA HD EN OU OO BAD EHD ER) ED A OT com OD eas MAY ERI ARE OTE DO Saw oor sre NTP SD AO ID BD OT AID BD garg GD HHP RUS Hs COS OOM EAT BORG OOO 

EQUILIBRIUM CONCENTRATION = 20,010 INITIAL SEED AREA = 2907 
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TABLE 3 156 RUN NOws: R.A.2 
fn eo 29 we me OT Ag By nD OT DO Oe me Bae O88 7 Cod OF OO ON we DS He OR aD AD ID Ae 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
m/v TIME MASS INCREASE AREA CONSTANT. = SUPER= RATE 

MINSs (GRAMS) — (CM) cm? K(MIN'CM*) = SATN. = CM/MIN 
Pro rot 62 9 am am HON BY EN HN OD Le Od oon oe $03 Cd org B08 Cath tale 0 Ak kk Dah OE TD OD SD ED ORY oD OO CAO HD OD OD HD RD UES OO OD OND eg OOD SD SD 

29.424 ~00000 2,000 
  

60002137 3298.4 2.6006@-06 41159 24137@-6 
296294 5.0000 2.414 

60001719 4082;2 152203@-0 «1109 9.548@-06 

s000TH40 485753 857898@-07 «1060 6.545@-c6 

30001269 561763 7e4742@-07 +1009 5.<286@-6 

«0001007 6321.5 8.43348@-07 0961 5.597@-06 

«0000913 6965.0 541077@-07 «0916 3.261@-06 

«0001611 7888.4 9.1115@-07 ,08%7 5.369@-06 

295163 14,0C0 2,828 

295032 255000 3.240 

285898 37.000 3.661 

28.778 46.000 4,037 

28.658 60,000 4.413 

28.418 7.000 5.163 
60000720 878.9 6.0682@-07 <0779 3.271@-06 

28.298 6.5000 5.536 

285178 965000 5.909 

28.08 125.00 6,281 

50000674 9360.3 6.6592@-07 +0733 3.372@-06 

30000635 9920.7 263117@-07 «87 1.4095@-6" 

«0000709 10618 254526@-07 +0637 1.075@-6 
276915 158,00 65722 

0000668 11151 2.2568@-07 «083  94023@-07 
27672 1900 7.162 

«0001232 1208 1.7151@-07 +02 «8682-0 
273487 300,00 8.041 : mM Lee 4 t 

3000071 12964 1.49980@-07 0420 5,709@-07 
276344 350,00 8.4478 

| «0002781 14789 1.1249@-07 0242 1.580@-07 
265549 123050 10,90 

«0000398 16555 1.4256@-07 «006 6,029@-08 
265419 156050 11.29 
  (P29 809 A907, oy OOD DED knw toe EN od oss am Ov ae on moe RS Co OM OD OAD OO ERY TE RD OMG Uo Das LD GO OM DnY Bs aD AMD BAD prey HAL MAO AD TM OD De cone HO Re cae ACG Ak ted “eg Am OOD OO OSD 

EQUILIBRIUM CONCENTRATION = 26,310 INITIAL SEED AREA = 2907
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RUN NOs R.A 23 
Sed 60 1h OND Oa OT KO OD ED RD 229 200 OO ED OD OLY hs OMe EN eLy BO OO ace oO Oe 

TEMP §5.0°C 
bre ea eee mses wey 09 Bee tae cw at GD OR EN ey OO RD TR OS OD BA OD 

CONCNs 

aM/V 

(0 OR MNS TS OE cen ONS HY CHD EE EE HD Ory HOP LIME Sheng OOM, 

216358 

215225 

216104 

20.9% 

20;863 

205027 

19900 

19.772 

196138 

19016 

18,893 
20 me GO SD Oxy SOR Gre ud HO OR CMD Oy CAP rey 

EQUILIBRIUM CONCENTRATION = 176281 

SEED: BATCH A PREPARED 
2 ene Ca end Od OES Ud ge OTe OS ES 

TIME 
MINS. 

«00000 

10,000 

25.009 

110,00 

25500 

111050 

123050 

1470.0 

295 960 

279050 

TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 

(voy Med GR ABA) SAC Siw 
lu 60002035 32773 140108@-06 42321 1.01 ]7@-05 

ee 30001523 3988.1 5.2341@-07 2247 5.076@-6 

oe 3000]271 4655.0 7.9790@-08 2178 7.476@-07 

Fe 20001139 53069 443416@-08 +2108  3.928@-07 

3000511 7632.7 4.60719@-08 <1831 3.223007 

a 0000629 9909.1 4,0043@-08 +1552 2,623@~-07 

cei #0006596 10151 1.9940@-08 1478 1.4241@-07 

igre 0002579 11977 2.2701@-08 «1258 14194@~07 

eS «0000437 13463 251093@-08 1039 961108-08 

re 20000422 13916 147526@-08 +0969 7.038@-08 
309050 

SIEVE FRACTION? 44-53 u 
  

  

  2 Ca ey BAD ang SY OND OY Lm MS OG EN ML OED Gry Sd OT ey Med EASED AND Ms GTR ON A HT Om MD HE ODOM UE EER OD 

INITIAL SEED AREA = 2907
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TABLE : 158 RUN NO«?R.P.A.1 
aoa OO Rae nam OO ae ORS HE Org Mme LOS ME OS 

TEMP 360.0% CELL: A STIRRER SPEED 3500 Re sPsMe 
SE Se OD RE EM ste mee mt OD OW OR Eg TA ND AD HD UM Oe OE RO Oe 

SEED: BATCH P.A.PREPARED SIEVE FRACTION?44-53 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
@N° TIME MASS INCREASE AREA CONSTANT, = SUPER= RATE 

MINSs (GRAMS) — (CM) CM* = K(MIN“CM*) — SATNs ~—CM/MINs 
    

2l;021 00000 2,000 | 
; 0002088 328850 150922@-6 «285 1.491@-6 

23.887 70000 2,404 ee 
. #0001717 406559 364115@-07 «2782 4,4519@-6 

235750 26,000 2,815 : 
0001413 4817.6 4.8222@-08 2710 65199@-07 

236616 140500 35217 ~ : ; 
0002320 587.7 3.7609@-07 42602 6400-06 

2335349 165.00 45019 
0001882 719033 3s2484@-07 «2459 35763@-06 

235082 190,00 45817 
50003618 925451 251797@-07 +2209 2,2610-6 

225419 270500 6,787 

EQUILIBRIUM CONCENTRATION = 18,634 INITIAL SEED AREA = 2898 

fr2 a 0 Bu > OER OD gg TS wn OD mena G8 WH emo tay CA acy CO HE ED OU BLY EMLgcD am OD ERD 

TEMP350.0°C CELL:A = STIRRER SPEED!50C RsPaMs 
ee seeses — map S80 og a 50 Bd cack 8.9 I SD Ua cog Ae YR OD 

SEED? BATCH P.A.PREPARED SIEVE FRACTION?44-53p, 

CONCNs TOTAL CRYSTAL DIAMETER MEAN GROWTH RATE MEAN GROWTH 
MV TIME  =MASS INCREASE AREA CONSTANT, —- SUPER= RATE 

MINSs (GRAMS) — (CM) cM K(MIN'CM")  SATNs = M/MIN 
SO OD OE GO BAD OT ed BO SEE HD Ore OM OA EV ME Bey OD ORO Get nD NO ED aed OD NNO HPD OS wu ba HAD. eLw SPEND WD Ooh OE AD OP ea Howe One Me CORD 

185151 00000 25000 
  

40001797 3228;3 3576520-07 2816 3.593@~06 
185032 2.000 2;342 

20001489 388257 2:2694@-07 2732 2;1280-06 
175913 60,000 2,683 

60001276 4520.1 151739@-07 «2648 1,5064@~06 
17s794} 120,00 34023 

178678 300500 34355 
hey tng Selita nie on an en bebe FOO peg A FO OE Rey OME OOS ee CED oy 2 Ok EW ee WP OAT OE HP CD wD OTD HH RD ERE DD mod a ee ee 

EQUILIBRIUM CONCENTRATION = 145116 INITIAL SEED AREA = 2898 

60001096 512955 364772@-08 «2564  3.016@-07



TABLE: 160 
(SO od Ot ony AD Rant Od OD ORGY Bo ay 

TEMP :70.0°C CELL sA 

“l= 

. 88 Gt OD ORY OLS ED OP AWE SD Ey mE ED a9 19 On Bee mam Oy 

STIRRER SPEED: 500 RsPsMe 
OR ae Oe aad 600 Od Od OE OOD py DD Ede 

SEED? BATCH P.A.PREPARED SIEVE FRACTION:44-53, 
OM cn OS ae Gey OO END BOY OE WO EN A LO OCR Cray a EL OE my OS OD RG TE Oe SEED GD A OO TEE OE ee Bee Se CG ee ONO ED Ose MD Oe Om OE 
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APPENDIX F 

Impurity extraction with Molecular Sieve (Type 13X) 

Extraction Procedure: 

1 litre of 10.00% mass fraction purified Batoh G (P.G.) solution 

was made up and held at 40°C in a flask, heated with an isomantle, 

controlled with a voltage regulator. 10.00g of molecular sieve (type 

13X) 1/16%n pellets were added and stirred for 2 hours. The solution 

was filtered through a No. 1. Whatman paper and a sample of the wet sieve 

weighed, dried at 100°C, reweighed and then calcined in an open mffle 

furnace maintained between 700°C and 900°C for 4 days. The resulting 

sieve was again weighed enabling the amount of vaporised material to be 

caloulated. The solution was filtered through a 0.45 millepore filter 

to remove attrited sieve and placed in the flask at 40°C fox the second 

extraction. 

Example Caloulation: 1st Extraction 

Readings: 
1) Weight of empty, dry crucible = 26.0189g. 

2) Weight of crucible + wet sieve = 38,4380g. 

3) Weight of orucible + ary sieve = 34.38 528. 

4) Weight of crucible .+ calcined 
sieve = 32.5320g. after 3 days heating 

= 32,5324g. after 6 days heating



SE 

Blank Test on Dry Molecular sieve 

  

  

  

        

Loss of weight per 10.000g. sieve 

1st Test 0.690g. 

end Test 0.680g. 

3rd Test 0.672g. 

Averages 0.682g./ 10.00g.sieve 

i 

Calculati.on: 

Weight of water in sieve sample = Weight (2) + Weight (3) = 4.0528g. 

10.0% P.E. mass fraction in solution = 11.1% mass ratio ' 

. Weight of attached P.E. in sieve from dried mother liquor 

= 4.0528 x 0.111 = 0.4499¢ 

Total Weight of vapourised adsorbent = Weight (3) - Weight (4) 

= 1.8532g- 

Weight of dry sieve sample = (Weight(4) - Weight(1)) + o4602(Wt. (4)-H4(2)) 

= 4.9 571g. : 

Weight of adsorbed contamirent = 1. 8532-0.4499-0.0682x6.9571 

= 0.9285g.- 

Oo 
etna Extract = 0.9285 x 10.00 

6.9571 

& 1.33g./10.00g sieve io per 100.0gP.Ge. 
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e 

Summary of Results 

  

  

Sample Extract (g / 10 g. solute) 

lst Extraction of Purified Batch G. 1633 

2nd u it " n a 1.15 

5rd n u tt un" nu ; 1 

Ath n " u" a un eS 13 

5th ty iW " n nt ’ I, ha 

6th i A] u" tt wv igkd 

lst Extraction of Purified Batch D Ade: 

2nd if Di uw n vw alsa hee 

Extzractionof Batch E 1.09         
It is apperent from the results that a datum exists at about 1.llg. 

extract / 100g. solute even for PD. with little or no expeoted 

contaminant. As the growth studies showed no effect of molecular sieve 

extraction on purified Batch D, this is assxmed to be an absorption of 

Pentaerythritol molecules in the sieve. The disappointing soatter of 

results about this datum of 1.lilg. } 100g. solute is attributed to the 

difficulty of weighing 2 wet sample in an eveporating crucible with any 

accuracy 

Ths contaminant extractions are assumed to be above this datum 

for P.G. material and indicate 0.22g. contaminant / ‘100g. P.Ge removed



a aee 2 

with the first extraction, 0.04g contaminant / 100g P.G. removed 

with the second extraction but an immeasurable effeot with each 

successive extraction. This indicates a total of about 0.26g. 

contaminant per 100g. P.G. extracted. 

Estimation of remaining contaminant after 6 suocessive extractions of P.G. 

1 

Assume a partition coefficient (K ) exists of the contaminant with 

x mass fraction in solution and XK, mass fraction in the molecular sieve 

such thats Kl-e x 
iw 

x 
8 

If the mass of solution is W, the mass of moleoular sieve S', and 

the ratio Sts ¥ 
W 

Then on the lst extraction Weer = Wey, + SXg, 
ote 

4 

where Vix, is the original mass of contaminant. 

° 
e e Ww = Vixyy, enn MS Ce TES os Pen ot aoe ake 

= Wx, (1 + g) 

e 
.. Contaminant left in solution, Wx, Po Wx, 

t oO 

  

¥ (+ + = ) 

On 2nd extraction i Wey, + S'xz,, eexceitae 

= Wx +S! 
: Ws ar My 

tt iy, (1 + z) 

.°. Contaminant left in solution, Way, = Warr, =  Wxwo 

i+ e +X 2 (1+ z ) 3 Od )
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Hence, Contaminant left in solution after 'n!' extractions? 

Ww = Wxu19 

          

+1): 
Kt 

From (1) xy, = Ww, im st me, = Xo - ¥xq, 

W 

: x ° = XY ; , 

: font: cad td Wo ae ¥ ee ett) 

x xs - 
Ss 

' ; 
. 

Fron (2) X40 Bs Wye “ S'xgo = uw, - %xs, 

W 

oo J a = 

*S9 X85 

but Xu = Xuto 

(Lid : 
Kt 

s K! : 
2 RG a x ae oo, bate ans 

x59 (14] 7 
KI 

pavers aA Ioana ieee 

  

For each extraction S = 10.0g and W = 1000g 

Contaminant 1st extraction = 0.228 / 100g P.G. / 10g sieve 

o 6 7a, = 0,22 

t Contaminant 2nd extraction = 0.04g } 100g PeGe / 10g sieve 

0.004 tt oo XSo



= 301 = 

Now Wiwo xf Sxg, + Sxs5 + SXg x “+ 

Xo 3 (0.022 + 0.004) 

Lees Pee be 

’ 

ice kt ox 0.00026 ~ 0.0L isk ed waa LOM (4) 

0-0118 — 0.01 i 

0.0018 u 

A q 0.00026 mw DOL, saves. from (5) 

0.004 140.0 
( cn 

0.0093 ~ 0.01 

This gives a negative K' which is impossible, however if Xgo is taken 

2 
to be 0.003, which is within experimental error. 

The Kt = 0.00025 = 0,01 

. 0.005 1 + 0.01 y 
0.0018 

0.0127 = 0,01 il 

However E should equal K', and K' is of the expected order with the 

2 2 
accuracy of this experiment and the value of 0.00018 will be used in 

thecalculations. Hence in (3): 

After 6 extractions xe = 0.00026 

L + O-OL \° 

0.0018



= 

e Contaminant in P.G. = 

or 
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0.00026 

719000 
0.00000000329 g / g solution 

0.0000000329 g / g P.G. 

0.0429 PoP Le PoGe 

      

after 6 successive extractions.
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NOMENCLATURE 

SYMBOL MEANING UNITS 

A Total surface area of crystals. on? 

A Mean surface area of crystals over a time interval. ule 

At Arrhenius equation constant. 

A, The Coulter Counter orifice area normal to the flow ase 

axis. 

a The projected area, parallel to the orifice axis, om 

of the rparticle as it is orientated in passing 

through the Coulter Counter orifice. 

a The surface area of a crystal. on” 

a! Moleoular spacing of the adsorbed layer on the 

crystal surface. 

B Calibration constant ino =F + B.S. + 6.8.7 

ox Constant ¢ 2, 

JK 
G 

b Index in equation g =k 3° 

C A general constant. 

@ Concentration % Mass/¥olume (fraction) ( = m/v) g/(1000m)? 

sf . of ‘ e= : 

Cty Concentration % Nass/Volume (fraction) at  4g/(14000m)? 

Equilibrium. 

Ac C= 6 = Qe : 
D Equivalent Spherical Diameter of Crystal. micron or om 

Dt The Coulter Counter orifice diameter mioron 

Dy Indicated Coulter Counter Equivalent spherical ahead 

diametex. 
2 

Dy, Diffusion coefficient. om“/g 

Da Molar Diffucivity. mole/em.s 

d. Distance between layers of a double layer condenser.



SYMBOL 
ga
 

Ac* 

Ac 

AG, 

AG. 
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MEANING UNITS 

Activation energy for growth. Koal/g mol 

Crystalliser bed voidage. 

Apparent expansion of Hg in glass = 0.000156 

Calibration constant ino =F + B.S. + G.8.2 
or Constant = ‘ 

0.70742 

Coulter Counter Scale expansion factor. 

aA chuetl ces ecient ae bs Ok 0 ee 

Excess free energy between a particle and the solute 

in solution. 

Free energy of formation of a nucleus of the oxitical 

size r# 

Free energy of formatimof the critical nucleus for 

heterogeneous nucleation. 
. 

Free enevgy of activation of diffusion. 

Surface excess free energy between the surface’ of 

the partiole and the bulk of the particle. 

Excess free energy per unit volume between a very 

large particle and the solute in solution. 

Crystal growth velocity (= ax) satan 

at 

Initial orystal seed mass. g 

Heat of adsorption oal 

The side of # particle element, (Coulter Counter a 

Theory 

Integer counter for the time dimension in Computer 

Program 2). 

The Coulter Counter aperture current setting.
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SYMBOL MEANING UNITS © 

a The Coulter Counter aperture current setting used 

in calibration. 

J Integer Counter for size distributiondimension. 

in Computer Programs 1 and 2. 

J! Growth flux. Sot eats 

Rate of nucleation. 1/oni’s 

K Growth rate constant in equation do = —KA(o - o4,) 9 
at V/ omemin 

Kt Contaminant Partition coefficient (= xy) 

Rs 

Average value of K. 1/om*min 

The Coulter Counter calibration factor. 

Coefficient of Mass transfer by diffusion. 

Growth rate constant (linear basis where Ce Sel 

J
 

te 
8. 

Po
 

A.
 

wl
 

at 100cm 

Growth rate oo. (mass basis ) 

where dm = -KAC o = Gp) g/miném (g/ 

at 100om? ) 
A rate constant for the surface integration step. 

Boltzman constant = 1.3805 x 1072 exrgs/degK mol 

Growth rate constant where g = K,8° 

e
t
 

oe 
eS 

Characteristic crystal dimension of the P.E. 
; om ox 

pyramid base. niorar 

its Length of emergent Hg column of thermometer 

expressed in degrees. 

1 Half the particle length as it is orientated in ia 

the axis of the Coulter Counter orifice. 

M Cxystal. mass. g 

M Mean molecular weight of the solution, 

m Mass of solute in solution. g



ae a 

SYMBOL MEANING UNITS 

No. Number of orystals of a particular size D. 

N Number of time readings of Experimental Data. 

no The Coulter Counter corrected count. 

A. The average of counts of a particular sample using 

the Coulter Counter. 

t 
no The average number of counts on the Coulter Counter, 

n,! of each sample. 

mt The Coulter Counter coincidence correction, n 
o 

Ny Refractive Index for mean sodium D lines. 

Tyg Refractive Index for mean sodium D lines at 

equilibriun. 

Pp Number of size readings of size distribution. 

OP Pressure difference in a droplet. 

Py The Coulter Counter coincidence factor. 

Q Defined by:- Q=M(I+1) - M(I) 3 

21 
(Computer Program 2 )« 

The eleotxic charge on a particle. 

R Defined byt= R=>3 x (Now) xD at any particular 
time. 

R! Universal Gas constant. oa1/(genole °K 

Ry The Coulter Counter aperture resistance. ohms 

AR, The charge in the Coulter Counter aperture a 

resistance produced by the particle. 

Re Reynold's Number. 

xr Equivalent spherical volume radius. om



SYMBOL 
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MEANING UNITS 

The resistance of the Coulter Counter aperture 

  

current switch in the position used. - 

Refractometer scale used in calibration 
(Equivatent to zeroed prism 1B + 1.20) 

Mass of Molecular Sieve. g 

Supersaturation oc = q, 

Ce 

Absolute temperature. 5 

Observed temperature % 

Mean temperature of thermometer emergent stem. °¢ 

Time ' min 

The Coulter Counter relative particle volume 

(st 'F ) G20 

The Coulter Counter threshold level. 

The Coulter Counter threshold value found for the 
monosized particles used in the calibration. 

=(No.) at anv particular time. 

Relative crystal / solution velocity. 

Terminal Falling Velocity. om/s 

Volume of solvent. om? 

6, 3 
The Coulter Counter metering manometer volume, LO “dm 

The voltage between the outer eleotrode of the Coulter 

Volts 
Counter and the earth, when immersed in the eleotrolyte. 

Molar Volume of Solute. 

Total volume of Solution, : om 

Indicated Coulter Counter Particle Volume. a, 

Volume of particle. ine



L
e
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MEANING ~ UNITS 
  

Mass of solution g 

Work required to form a droplet from its vepour. 

% Mass Ratio. g/100g 

% Wass Fraction. g/ 100g 

Mass fraction of contaminant in sieva. 

Mass fraction of contaminant in solution. 

Defined byj~ Y=#23x (No. )D° at any particulay om? 
time (Computer Program 2 

Defined byt= Y=inl+tL in Computer Program 3 

  

VA com 
‘ 9 

tli kee 

Ji, 

° 
Correction to be added to T, to correot partially C 

n 

immersed thermometer. 

Distance apart of ledges on crystal surface. 

Dummy integer (Computer Programs 1 and 2). 

The height of the crystal pyramid apex above the 

projected side of an element. 

Average diffusion distance of adsorbed moleoules. 

Background count of ‘blank electrolyte. 

Angle of contact between crystalline deposit and 

a foreign solid surface. 

The factor by which G* for homogeneous nucleation 

is greater than that for heterogeneous nucleation. 

A reflection coefficient. 

Ratio of Molecular Sieve to Solution Masses (S') 
W



SYMBOL 
B
A
P
 
P
I
 

b
p
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MEANING 

Film thickness surrounding a crystal. 

Area Shape Factor ( = ap _ ) 
wH 

Solution viscosity. 

The energy of attachment of a molecule. 

Density. 

Density of Solute. 

Density of Solvent. 

Surface energy per unit area of orystal. 

Volume. shape factor ( = vy ) 

Ty 

Dielectric constant. 

The partiole resistivity. 

The eleotrolyte resistivity used for the 
Coulter Counter. 

' UNITS 

om. 

Poise 

g/om? 

g/om? 

mi oxohme/om? 

miovohms/om”



oo ae 

Te 

9. 

“ 

ll. 

13. 

14. 
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