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SUMMARY 

A detailed study has been made of the feasibility of adsorptive puri- 
fication of slack waxes from traces of aromatic compounds using type 13X 
molecular sieves to achieve $ 0.01% aromatics in the product. 

The limited literature relating to the adsorption of high molecular 
weight aromatic canpounds by zeolites were reviewed. Equilibrium isot- 
herms were determined for typical individual aromatic compounds. Lower 
molecular weight, or more compact, molecules were preferentially adsorbed 
and the number of molecules captured by one unit cell decreased with 
increasing molecular weight of the adsorbate. An increase in adsorption 
temperature resulted in a decrease in the adsorption value. 

The isosteric heat of adsorption of different types of aromatic can- 
pounds were determined fron pairs of isotherms at 303 K to 343 K at spe- 
cific coverages. The lowest heats of adsorption were for dodecylbenzene 
and phenanthrene. 

Kinetics of adsorption were studied for different aromatic compounds. 
The diffusivity decreased significantly when a long alkyl chain was 
attached to the benzene ring e.g. in dodecylbenzene; molecules with small 
cross-sectional diameter e.g. cumene were adsorbed most rapidly. The 
sorption rate increased with temperature. Apparent activation energies 
increased with increasing polarity. 

In a study of the dynamic adsorption of selected aromatic compounds 
from binary solutions in isooctane or n-alkanes, naphthalene exhibited the 
best dynamic properties followed by dibenzothiophene and finally dodecyl- 
benzene. The dynamic adsorption of naphthalene fram different n-alkane 
solvents increased with a decrease in solvent molecular weight. A tenta- 
tive mathematical approach is proposed for the prediction of dynamic 
breakthrough curves from equilibrium isotherms and kinetic data. 

The dynamic properties of liquid phase adsorption of aromatics fron 
slack waxes were studied at different temperatures and concentrations. 
The optimum operating temperature was 543K. The best dynamic performance 
was achieved with feeds of low aranatic content. 

The studies with individual aromatic compounds demonstrated the 
affinity of type NaX molecular sieves to adsorb aromatics in the concen- 
tration range 3% - 5%. Wax purification by adsorption was considered 
promising and extension of the experimental programme was recanmended. 

Key words: Adsorption of Aromatic Compounds 
Molecular Sieve Type 13X 
Dearomatization of Waxes
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1.0 INTRODUCTION 

Petroleum hydrocarbons are valuable feedstocks for manufacturing a 

variety of petrochemical products, for example liquid paraffin and waxes 

which are major raw materials for the pharmaceutical, detergents and pro- 

tein industries. 

The purities of the liquid paraffin and waxes are the most important 

factors determining the type of application, particularly the aromatic 

content which should not exceed 0.1% by wt for the above applications. 

Purification of liquid paraffins and waxes fran aromatic hydrocarbons can 

be achieved by using oleum treatment, hydrotreating, hydrocracking or dif- 

ferent types of adsorbent such as activated charcoal, silica gel or alumi- 

na silicate. 

Using oleum for purification presents many difficulties such as cor- 

rosion problems and difficulties in acid tar neutralization and utiliza- 

tion. The hydrotreating process is expensive since high temperature, high 

pressure and catalysts are required. Use of adsorbents also has same 

drawbacks due to their inability to remove same alkylbenzene. This study 

was therefore initiated to investigate the potential use of molecular 

sieves for purification of slack waxes, i.e. high molecular weight paraf- 

fins, fran aromatic compounds. Molecular sieves type X, and model aromat- 

ic compounds were used. Equilibrium isotherms and the kinetics of adsorp- 

tion were studied. 

The main objectives of this work were to investigate the use of 

molecular sieves type X for dearomatization of high molecular weight wax- 

es, and to fractionate the aromatic compounds according to their chemical 

structure and molecular dimensions. Molecular sieves type NaX was used 

for adsorption of standard models of individual aromatic compounds fran 

binary solutions with iso-octane. 

1.1 Structure and Properties of Zeolite 

Zeolites are crystalline chemically and structurally complex materi- 

als. They are composed mainly of hydrated alumino silicates of group I 

and group II elements in particular Na, K, Mg, Ca, Sr, and Ba. The frame- 

work contains channels and interconnected voids which are occupied by the
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cation and water molecules. The structural formula of a zeolite is best 

expressed for the crystallographic cell as 

Wy (Ald), (S102)y) w H,0 
Where M is the cation of valence n 

w is the number of water molecules, and the ratio 

x/y usually has values of 1-5 depending upon the structure. 

) represents the framework camposition 

Since a high degree of reproducibility is required in an industrial 

separation process, uniformity in canposition and purity are necessary. 

Thus any synthetic zeolite must be characterized by the following informa- 

tion. 

ie The basic crystal structure, by X-ray; 

2s Chemical composition; 

3. Chemical and physical properties such as stability, dehydration 
behaviour, cation exchange, adsorption behaviour of gases and vap- 

ours. 

Most of the synthetic zeolites are monocationic or dicationic, and 

have one or two different species. Zeolites in general have the power of 

selectivity, i.e., they adsorb or reject different molecules. Molecular 

sieve action may be total or partial. If it is total the diffusion of one 

species into the solid may be wholly prevented, whilst the diffusion of a 

second species occurs. If the action is partial, the components of a 

binary mixture diffuse into the solid at different rates depending upon 

the conditions eg. pressure, temperature, the nature of the mixture and 

the type of zeolite. 

When a solid dehydrated zeolite is exposed to gas or liquid the 

intracrystalline voids and channels fill with the molecular species con- 

cerned, and when filling is canplete no more adsorption occurs. If the 

temperature is maintained constant, this results in an equilibrium isot- 

hemn.
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1.2 Porosity Structure of Zeolite Nax. 

The pore volume of zeolite X has been determined fran the adsorption 

of different types of molecules including water, gases, and hydrocarbons. 

The water pore volume is equivalent to 7908 A? per unit cell. with most 

molecules, with the possible exception of water, only the larger super 

cages are occupied. 

The total calculated void volume of zeolite X is 7832 A? per unit 

cell. The total calculated void volume for the large voids is 0.296 an3/g. 

At any temperature the void fraction of zeolite X which can be filled is 

nearly 50% of the total crystal volume. Based on the structure of the 

zeolites the calculated surface areas are 1400 m2/g for NaX. There are 

three types of zeolite A, X, and Y. In these there are voids of two 

types: 

Ni; The small spherical voids canprised of the B cage with a diameter of 

6.6 A°® and 

2. Larger voids such as the a cage (supercages 26 hedron) in zeolite x 

and Y. The diameter of the spherical unit in zeolite A is 11.4 A° 

and in X and Y is = 11.8 A’. 

1.3 Purification of Paraffin Waxes 

The purity of paraffin waxes is an important aspect in their grading. 

The degree of purity required, obviously depends on the type of applica- 

tion. Paraffins applied in food conservation and packaging must be odor- 

less and free from campounds, particularly polycyclic aranatic substances, 

which are toxic to the human organism. Even stricter specifications are 

applied to paraffin products to be used for medical purposes. 

The canplete purification of paraffin waxes and paraffin liquid 

involves the removal of impurities usually present in small concentrations 

like unsaturated compounds, mono, bi and polycyclic aromatic hydrocarbons, 

hydrocarbon derivatives containing S, N and O atoms, and heterocyclic can- 

pounds. The n-alkane, branched alkane and naphthene canpounds should 

remain intact as far as possible. 

Owing to the widespread applications of paraffin waxes, a large num- 

ber of purification processes have been developed. These can be classi- 

fied essentially into 3 groups: 

1. Treatment with chemicals 

26 Adsorption
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3. Hydrogenation 

1.3.1 Treatment with Chemicals 

The most important agent is concentrated sulphuric acid. In this 

process oxidation, condensation, polymerization, sulfonation and resin- 

formation takes place. The final degree of the purification depends on 

the composition of the initial product, concentration of H,S0,, tempera- 

ture of operation, contact time and manner of execution. 

Aromatics are sulfonated, unsaturated hydrocarbons yield polymerized 

products, and resinous compounds are converted via polymerization and oxi- 

dation reactions into asphaltenes. 

Final purification with H,SO, is sanetimes used in the manufacture of 

n-alkanes by urea adduct formation if the specified aromatic content must 

not exceed 0.01 wt’. It could be reduced to zero, if necessary. 

1.3.2 Adsorption 

The simplest process, essentially purification by adsorption, is by 

mixing with bleaching earth. After equilibrium has been established, the 

paraffin wax is separated by filtration. Various types of fuller's earth, 

activated carbon, silica gel, bauxites, or natural and synthetic alumino- 

silicates are suitable adsorbents. 

One of the most important methods for paraffin waxes purification is 

the percolation process. Two alternative methods are known: the station- 

ary bed method and the moving bed method. The former is more widespread 

on a commercial scale, especially in the petroleum industry. 

1.3.3 ition 

Hydrogenation processes have recently been developed for purifica- 

tion. The most common is the ferro-refining process. A typical catalyst 

comprises molybdenum oxide, cobalt oxide and iron oxide on an alumina sup- 

port. This process is considered satisfactory for the manufacture of mac- 

ro and micro-crystalline paraffin waxes for food and pharmaceutical indus- 

tries. 

Purification by hydrogenation brings about both chemical and physical 
changes of the product. It reduces S, O and N content, the diolefins are 

hydrogenated into alkanes and the polycyclic aromatics into asphaltenes. 

It requires a high temperature, fram 533 K, to > 703 K, since otherwise 

undesirable side reactions occur, e.g. hydrocracking and increased carbon
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deposit-formation. The process is expensive since high temperature, pres- 

sure and catalysts are required. 

The aromatic content for the final liquid paraffin product using a 

hydrogenation process is below 0.01 wt%, canpared with 1.2 wt% before 

treatment. 

1.4 Application of Paraffin Waxes and Liquid Paraffins 

The potential uses of liquid paraffins and paraffin waxes are large 

and very diverse. Essentially they can be classified into 3 main groups: 

i Utilization without any chemical transformation. 

Direct applications of liquid paraffins and paraffin waxes 

arise in the paper industry, in household chemicals (polishes, 

creams, candles, etc.) in cosmetics, in the food industry, and in 

food preservation etc. They are utilized in matches, textiles, the 

electrical industry, pencil manufacture etc. 

2. Utilization as feedstock for the chemical industry. 

n-paraffin can be used as feed stock for manufacturing alco- 

hols, fatty acids and dicarboxylic acids by oxidation processes. 

as Manufacture of proteins and other products by the biological trans- 

formation of paraffins. 

Certain bacterium cultures decampose paraffin hydrocarbons in 

the presence of mineral salts to produce proteins.
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2.0 LITERATURE SURVEY — ADSORPTION ON MOLECULAR SIEVES 

  

2.1. Adsorption by Zeolites 

The study of adsorption of gases and vapours on solids dates fran 

early times. In 1840 Damour observed that crystals of zeolites could be 

reversibly dehydrated without any apparent change in their transparency or 

morphology. The concept that the structures of dehydrated zeolites con- 

sist of open-spongy-frameworks is due to Friedel, who observed that vari- 

ous liquids such as alcohols, benzene, chloroform, carbon disulfide and 

mercury were occluded by zeolites (1). 

Barrer and Ibbitson (2) described an investigation of the adsorption 

of hydrocarbons on chabazite. They found that hydrocarbons such as 

n-propane, n-butane, n-pentane and n-heptane were adsorbed quite rapidly 

at temperatures above 373 K. However, branched chain hydrocarbons, such 

as isobutane and iso-octane, were totally excluded. The adsorption equi- 

libria were reversible. Isotherms and isosteres were determined for same 

normal hydrocarbons on chabazite and analcite, where it was shown that the 

affinity of solutes for the lattice increased in the order 

He < Hp < 05 and CHy < CoH < CyHg < n-C,Hyo 

Thermodynamic properties of the zeolitic solid solutions were obtained as 

functions of charge of gas in the crystal, chain length, or temperature. 

Where possible the thermodynamic data were interpreted physically. 

Adsorption by molecular sieves has becane the standard method of 

treatment for propane and butane containing H)S and mercaptans. They per- 

form well in sweetening light hydrocarbon liquids. Clark (3) used exactly 

the same principles for butane or natural gasoline sweetening. In a typi- 

cal process propane passes down through the packed bed of molecular sieve 

to provide an outlet product free of water, HS and mercaptans. Typical- 
ly, a pressure swing arrangement is incorporated where a bed will stay on 

stream for 8 hours, whilst, a second bed, which performed 8 hours service 

previously, is being desorbed. 

Molecular sieves are required to selectively remove the polar can- 

pounds from the relatively non-polar paraffinic hydrocarbon. Molecular 

sieves do have the selectivity required to make this separation. However, 

there are other compounds such as carbon disulfide, carbon sulfide and 

elemental sulfur that may, or may not, be removable by molecular sieves.
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No data has been found on the ability of molecular sieves to adsorb, 

or desorb, elemental sulfur from a hydrocarbon stream, but carbon disul- 

fide would be expected to be removed fran a propane or butane stream if 

the 00, content was not excessive. In a typical natural-gasoline plant it 

is unlikely that mercaptans, below ethyl mercaptans, will have to be 

removed from gasoline. Generally, the narrower the cut processed, the 

higher will be the molecular sieve-design capacity for sulfur canpounds. 

Mair et al. (4) separated paraffins from cycloparaffins and alkylben- 

zenes fran cyclobenzenes by selective adsorption on Sephadex LH-20 which 

was previously pre-wetted with acetone. The samples were added in an ace- 

tone solution to a chromatographic column and the canpounds were eluted 

with acetone. The separations of dinuclear aromatic petroleum fractions 

near Cjg and C5, with Sephadex were superior to those obtained with ther- 

mal diffusion. Separation of fractions up to C39 were obtained using a 

75:25 vol* acetone-tetrahydrofuran mixture. 

In 1958, Mair and Shamaiengar (5) developed a method for separating 

certain aromatic hydrocarbons according to the shape and size of the mol- 

ecules by introducing a mixture of aromatic hydrocarbons into a colum 

containing the molecular sieve adsorbent. The method was tested with mix- 

tures of pure aromatic hydrocarbons and with petroleum fractions camnpris- 

ing, respectively, mononuclear, dinuclear and trinuclear aromatics in the 

Cig to Co5 range. Results showed that fractionation with molecular sieve 

adsorbents is a useful tool for investigating the composition of the high- 

er boiling fractions of petroleum, besides providing information concern- 

ing the structure of hydrocarbon molecules, since separation occurs 

according to the shape and size of the molecules. 

In this investigation, iso-octane was used as an eluant since it can 

enter the pores of both the 10x and 13x adsorbent. Its use is possible 

with aromatic hydrocarbons because the latter are very strongly adsorbed 

and can enter the pores even in the presence of iso-octane as demonstrated 

in Table 2.1.
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TABLE 2.1 

PERCENTAGE OF HYDROCARBON ADSORBED ON MOLECULAR SIEVE 
ADSORBENTS TYPE CaX (10X) and NaX (13X) 

  

  

Approximate % 

adsorbed on 

Name Formula CaX (10X) NaX (13X) 

n-Decylbenzene Cry 100 100 
16 26 

1,3,5-Triethylbenzene Care 6 100 
12 18 

6—Decyl-(1,2,3,4-tetrahydro- C H 50 100 
naphthalene) 20 32 

2-Butyl-1-hexylindan Oe! - 100 
19 30 

2-Butyl-5-hexylindan CHa 60 100 
19 30 

1,2,3,4,5,6,7,8,13,14,15,16- C H 3 100 
Dodecahydrochrysene 18 24 

  

Satterfield and Cheng (6) studied factors influencing selective 

adsorption from a binary liquid system on molecular sieve zeolites. They 

reported that selective adsorption is caused by the relative affinity, or 

interaction energy, of the molecules for the zeolite structure. On NaY 

adsorbent, aromatic compounds were selectively adsorbed in preference to 

paraffins and naphthenes. Within a group of aromatic canpounds those hav- 

ing the smallest and most compact structure, for example benzene and 

cumene, were selectively adsorbed in preference to larger aranatics, e.g. 

1,3,5 tri-isopropylbenzene, because the isopropyl group causes shielding 

of the ring from the pore so that the bond interaction becomes less impor- 

tant and alkyl group interaction more significant. Thus steric considera- 

tions appear to be particularly important in adsorption selectivity. 

Benzene > Cumene > mesitylene > 1, 3, 5 tri-ethylbenzene > 

isopropylbenzene 

They concluded that for a fixed temperature, the most important factor 

affecting the rate of intracrystalline diffusion in type Y zeolites is the 

critical molecular diameter of the diffusing molecules. The diffusion 

rate decreases with increasing critical diameter.
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Gupta et al. (7) studied liquid phase adsorption of binary and ter- 

nary systems of n-paraffins on IMS-5A at 279, 291, 303 and 315 K and found 

that equilibrium adsorption was independent of temperature for loadings of 

hexane-heptane and heptane-octane systems. However, for pentane-hexane, 

pentane-heptane and pentane-octane systems the amount of pentane adsorbed 

at 303 K decreased compared with the lower temperatures. 

a and 6 parameters, where tan a = =! and p is the mutual des- 

placement as defined in the ee erie ir be calculated from the slope 

of the adsorption isotherm at very low concentrations. The nature of the 

experimental isotherms did not permit direct measurement of the slope 

because of experimental limitations in the determination of equilibrium 

loadings at very low concentrations. 

The heats of adsorption were calculated from the slopes of the plots. 

They were approximately equal to latent heats of vaporization; e.g. for 

n-octane, the heat of adsorption was found to be 38.1 kJ/mol, whereas, the 

latent heat of vaporization is 34.8 kJ/mol. 

Adsorption of benzene fron artificial mixtures of benzene and 
n-heptane was carried out by Fominykh et al. (8). Experiments were con- 

ducted both in the liquid and the vapour phase using synthetic zeolites of 

type NaX or CaX as adsorbents. They verified that synthetic zeolites of 

the NaX or CaX type possessed high dynamic activity and selectivity with 
respect to benzene in adsorption either from the liquid or the vapour 
phase, but the dynamic activity of zeolites decreased with the increase in 
the feed rate of crude. NaX zeolites had a greater dynamic activity than 

CaX zeolites. 

Both physico-chemical adsorption and steric effects play an important 

role in selectivity for adsorbance of one component fran a binary mixture. 

For example, Satterfield and Smeets (9) studied the steric effect for 

binary liquid phase mixtures of n-octane with either n-decane, n-dodecane 

or n-tetradecane to obtain a better understanding of systems where steric 

effects would be expected to be dominant. They concluded that, for all 

three binary systems studied, the lower molecular weight paraffin was 

preferentially adsorbed on molecular sieve 5A, relative to the higher 

molecular weight paraffin. They also studied briefly the adsorbance of 

cyclooctane on molecular sieve type Nax from a binary mixture containing 

n-paraffin of the same carbon number. They concluded that a cycloparaffin
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in general was preferentially adsorbed from a binary mixture of 

n-paraffin. Steric effects cannot explain this and the cyclic structure 

must cause same physico-chemical effect more strongly than that existing 

with the n-paraffins. 

Aramatic hydrocarbons are the most undesirable impurity in liquid 

paraffins, and there is insufficient information on their composition. 

Various methods have been used for investigation of the composition of 

those aromatics such as gas liquid chromatography, UV spectroscopy and 

mass spectrometry. 

Siryuk and Barabadze (10) established the limit of applicability of a 

procedure known as Method I through which the composition of aromatic 

hydrocarbons containing various polycyclic systems could be analyzed on 

the basis of UV spectra. They were able to determine the absolute con- 

tents of benzenes, naphthalenes, phenanthrenes, and anthracenes with a 

relative accuracy of 10% and a sensitivity fran 0.01% to 0.1%. The advan- 
tages of the method are its high sensitivity and its complete independence 

of the quality, or type, of paraffins or alkylnaphthenes present in the 

product. Thus this method can be used to analyze various petroleum cuts 

without first removing the saturated hydrocarbons and it is applicable not 

only for a cut with a 673 K end point, but also for those with a higher 

boiling point. A disadvantage of the method is that the accuracy of anal- 

ysis is affected by the presence of hydrocarbons with four or five con- 

densed aromatic rings. 

Cherednichenko et al., (11) studied the composition of aromatic 

hydrocarbons present as impurities in liquid paraffins by means of a set 

of methods consisting of adsorption, gas liquid chranatography, UV and IR 

spectroscopy. They used three types of sample 

o Sample 1: Obtained fron a diesel fuel cut produced from Arlan crude. 

o Sample 2: Obtained fran a diesel fuel cut produced from Sunzha crude. 

o Sample 3: Obtained from a kerosene gas oil cut produced from Stavro- 

pol crude. 

The qualitative composition of the aromatic hydrocarbon was investigated 

by means of thin layer chromatography and UV spectroscopy. The use of 

thin layer chromatography could provide separation of the aranatic hydro- 

carbons into monocyclic, bicyclic aromatics and phenanthrene hydrocarbons. 

UV spectroscopic data could support certain tentative conclusions on the
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structure of the aromatic hydrocarbons and micropreparative gas chramatog- 

raphy could determine the individual canposition of the fractions of aro- 

matic hydrocarbons. 

Epperly and Pramuk (12) patented a process related to the separation 

of aromatics and/or non-hydrocarbons fran saturated hydrocarbons and/or 

olefins. More particularly, their invention related to an improved pro- 

cess for the separation of aranatics from gasolines, kerosenes, lube oils 

and, most important of all, the preparation of thermally-stable hydrocar- 

bons for use as jet fuels for supersonic aircraft. The separation of the 

aromatic hydrocarbons from the oil was accomplished by treating it with 

molecular sieve type X so that a maximum of about 3 wt. percent of aranat- 

ics was allowed to remain in the product. If any greater amount of aro- 

matics was present the thermal stability would not be satisfactory. 

Separation of unsaturated compounds fran paraffin-rich hydrocarbon 

mixtures has for a long time been carried out by treating the crude hydro- 

carbon mixture with a liquid such as concentrated sulphuric acid or a 

selective solvent, such as liquid sulfur dioxide or furfural. For econom- 

ic reasons these processes are usually used for the primary purification. 

However, for further economical purification, e.g. down to 0.01 wt% of 

aromatics, solid adsorption agents such as aluminium oxide and zeolite 

molecular sieves are used. 

Epperly and Pramuk's process was carried out in either the liquid or 

the vapour phase. When the liquid phase was utilized the preferred temp- 

erature was 294-421 K. The preferred pressure was 1 x 10° - 6.8 x 10° 

N/m? and the preferred feed rate, in order to limit the aromatics in the 

product to a maximum of about 3 wt percent, would be 0.4-3 w./w./hr. 

Vapour phase operation is preferred. The temperature in the molecu- 

lar sieve zone should be maintained at about 588-685 K. Pressure may vary 

between 1.0x10° to 3.4x10° N/m@. The feed rate should be 0.5-3 w./w./hr. 
The amount of feed per cycle to maintain a critical level of no more than 

about 3 wt percent aromatic in the product would vary between 0.02 and 5 

weight per weight of an adsorbent. 

Usually aromatics are present in a typical feed to the extent of at 

least 10% by weight. The aromatics and the undesired hydrocarbon and non- 

hydrocarbon materials would remain on the molecular sieve. The molecular 

sieve was treated with various desorbing agents e.g., stean, 0p, SOz,
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C,-C, alcohols (such as, methyl, ethyl, glycols) or halogenated canpounds 

(such as, methyl and ethyl chloride). Preferably, the desorption tempera- 

ture should not exceed the adsorption temperature used for vapour phase 

adsorption, to avoid decomposition of the adsorbed material, and the pres- 

sure might vary between 1.0x10° to 3.4x10° N/m. 

Dielacher and Hansen (13) described and claimed a process for the 

separation of aromatic compounds from liquid hydrocarbon mixtures where 

only traces of the aranatic occurs in the mixture. The process canprises 

adsorbing the aromatic compound onto a macro-porous, dehydrated cation 

exchange resin having a specific surface area of at least one m2/g and 

pore diameter greater than 10 A®. They also described another process for 

the purification of crude oil paraffin (slack wax) in which the liquified 
starting material is treated with a dehydrated macroporous ion exchange 

resin which is charged almost completely with metal ions, in particular 

silver or copper ions. This process supplies a product which fulfils the 

purity requirements for the pharmaceutical industry, and is suitable for 

biogenic protein synthesis, for cosmetic purposes as well as for use in 

the food industry. 

Aveisi, F. et al., (14) studied dearomatization of n-paraffin based 

on equilibrium and kinetic processes by using zeolite type NaX without 

binder. The work was conducted at 293 and 343 K, with a mesh size of 1-2 

mm for zeolite. Model compounds such as tetralin, naphthalene, phenan- 

threne, fluorene, thiophene, etc. were used. Iso-octane was used as a 

solvent for the aranatic hydrocarbons in liquid-phase adsorption. ‘They 

concluded that the energy of interaction depends on the temperature and on 

the chemical structure of the molecules. 

When a molecule is attached to a long alkyl chain it weakens the net 

specificity of adsorption. The presence of a thiophene ring conjugated 

with an aromatic ring increases the net specific adsorption to a greater 

degree than does the presence of a saturated ring. Thus the adsorptivity 

from iso-octane solutions at 343 K increases in the following order: 

alkyl benzene < a-decylthiophene < tetrelin < benzothiophene < acena- 

phthene < 1, 3-di-p-xylyl-2 pentyl propane. At 293 K, the greatest 

adsorptivity is shown by naphthalene. 

The cammon way to evaluate adsorbents for a specific application is 

to make isotherm tests, i.e. a series of experiments in which the value of


