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SUMMARY

The work reported in this thesis was performed as part of a Teaching
Company Scheme organised between BIP Chemicals Limited and the
University of Aston. The overall aim of the Scheme was to maximise
the efficiency and economics of the batch processes used for synthetic
resin manufacture. This investigation covers the development of a
computer control strategy to be used in the batchwise production of
synthetic resins within the overall aim.

The measurement of composition of a recovered solvent feed was
investigated to identify a way of monitoring the composition for use
in control. This objective could be achieved using a dual analyser
system comprising an Ultra-Violet analyser and density meter. Trials
were made of a viscometer to provide on-line information about the
reaction's progress during full scale production.

A computer control strategy was developed based on the control
parameters of reaction temperature, mass of aqueous distillate removed
and time. An experimental computer was connected to the
instrumentation of a full scale production reactor. The control strategy
was implemented using the computer with suitably structured control

software. Trials were carried out under production conditions to
confirm the strategy and its implementation.
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1. INTRODUCTION

The work presented in this thesis was carried out as part of a Teaching
Company Project, established between BIP Chemicals Limited and Aston
University in 1983. The task of the project was to investigate the
production process used to manufacture butylated amino-formaldehyde
resins. The purpose was to propose actions leading to substantial
improvements in consistency of both the batch operation and the product

quality. Details of the project are given in Appendix 1.

The resins produced by the process are commonly referred to as coating
resins; due to their application as a constituent in various paint and
surface finishes. The resins produced aré variants on a basic resin
type. The process plant used is a typical multi-product batch production
facility consisting of four reactors each with different configurations.
These are largely manually controlled and monitored. If control
is not applied correctly, a batch of resin may fall outside its
specification limits and, therefore . require reworking or possibly

scrapping.

There were four research associates working on the Teaching Company
Project, each with specific areas of interest. The completed project
has resulted in several successful outcomes which are briefly described

as follows :-

(i) Improved methods of determining the product quality have been

identified and implemented on the production plant.

(ii) A mathematical model for the chemical reaction kinetics was

developed in order that a better understanding of the process



could be gained. In producing this model an additional benefit
was obtained since improved methods of off-line analysis of

the final products and intermediates were established.

(iii) In conjunction with the modelling work more appropriate process
control measurement parameters were identified allowing the

process to be controlled with a greater degree of consistency.

(iv) One of the raw material streams which introduces variability
into the system is the recovered solvent stream. This variability
has been reduced in two ways. Firstly, improvements have
been made to the processing of the recovered solvents on
a distillation unit. Secondly, methods of determining the
composition of the recovered solvent streams have been identi-

fied leading to an improvement in charge consistency.

(v) The final achievement in this project was the interfacing of
a control computer to one of the commercial reactors and
its subsequent use to control the production of resins on this

unit.

The specific area of the work reported in this thesis is the develop-
ment and refinement of a computer control strategy that could be
applied to a full scale production facility in order to prove the feasibil-
ity of the control philosophy. In order to do this, work was carried
out to identify an on-line chemical analytical technique which could
be used to determine the composition of the recovered solvents charged
to the reaction vessel, so that the information could be used for control

purposes.



Work was carried out on the installation of a micro-computer system
interfaced to one of the reaction vessels at BIP. This was done in
several stages by the development of both the installed hardware and
the writing of software. Initially the process was monitored by the
computer and process actions displayed on a terminal for operator
response. Once this system had been proved, additional hardware
was installed in the computer and software written so that the batch
process could be controlled directly by the computer system. This
system was tested on the plant during the production of several full
scale batches. The results showed the feasibility of this control system
within the limits imposed by the hardware available on the plant.
It was shown that this control strategy could be easily developed further
with the installation of an aqueous distillate weigh system having a
higher accuracy and being less prone to fluctuations than the system
in existance on the BIP plant, as such fluctuations proved a problem
during the trials. Also the installation of a more powerful computer
system with more Input and Output capacity to plant instruments and
devices would allow the development of a more automated process.
The plant instruments and operating devices would need replacing to

satisfy this requirement on the reactor system at BIP,

1.1 Literature

The literature covered in this investigation can be considered
under three headings: process chemistry; control parameters;
and, computer control. The latter can be sub-divided into

the hardware and software requirements.

1,121 Process Chemistry

In order to consider the application of computer control to



1.1.2

the processes involved in the manufacture of synthetic resins
an understanding of the basic chemistry must be obtained.
The work carried out previously within BIP“) was reviewed
and this identified the main chemical reactions involved.
Other workers have examined the rates of chemical

(2)

but under different reaction conditions to those

(3)

condensation
investigated in this thesis. J.R. Ebdon has carried out
work using ClaNMR spectroscopy techniques to characterise
the reactions of urea and formaldehyde, relevant to the process
under study. This has shown that during the condensation
reactions to form the resins, methylene-ether bridge formation,

figure 1.1, is predominant over the formation of methylene

bridges, figure 1.2.

R-NH. CH2.O.CH2.HN - R Figure 1.1

Methylene ether bridge

R—NH.CH2.HN R Figure 1.2
Methylene bridge

This literature has been reviewed in more detail by V.H.

(21)

Patel whose work confirms that methylene bridges need

not be considered in the industrial process.

Control Parameters

Process control is based on measurements and observations

which are made throughout the process in order that the end



1.1.3

points for the various reaction stages can be determined and
the appropriate actions taken. From a consideration of process
chemistry and laboratory and plant observations P.A.Freeman(4)
has proposed several measurements which can be used at various
stages of the process to ensure effective control. The key
measurements which have been determined are reaction time,
reactor temperature and the mass of aqueous distillate removed

from the system. They provide the basis for the development

of the computer control strategy described in this thesis.

Computer System

This area of investigation can be separated into the topics

(5)

of hardware and software. D.]J. Fraude has described
several factors relevant to the selection of hardware to apply
computer control to batch reactors. These include the choice
of sensors, automation concepts and microprocessor based and
distributed systems. In a similar fashion, R.]. Uhlig(ﬁ) des-
cribes the application of computer control to the manufacture
of phenolic resins. Other factors in implementing effective
control are d@scussed in a paper by W.R. Hughes(ﬂ on process
interfacing. All the work reviewed has highlighted the need
for reliable control measurements to be available in order
to monitor the reaction.  These should be capable of accurate
determination using suitable instrumentation under normal
process conditions. The review has also highlighted some
factors to be considered when selecting a computer system

to fulfill the required role for the successful implementation

of the control strategy on a production facility.

The basic software requirements for a computer control system



and at least one programming language. It is necessary to
select an operating system which can respond to events which
are occurring on the process plant in sufficient time to collect
or send the necessary information. This is termed real time
operation. At the same time it should support the concurrent
running of several programs which may be performing functions
such as data logging or control calculations.  This is termed
multi-tasking. A paper on real time operating systems and
multi-task programming by J.D. Wright and J.W. Wright(a)
describes the structure of an operating system needed to meet

these requirements and the communications within the system

to the input and output devices.

In addition one of the most important areas to be considered
is that of the Man/Machine interface which is influenced by
both the hardware and software considerations. The present
trend is towards Visual Display Units, VDU, with a number
of researchers working on topics such as pattern recognition
and operator response times. Essentially these investigations
have been aimed at discovering the best way of presenting
all the required information in a form which can be readily
understood by the operator so that quick and effective
action can be taken. A brief description of the areas of
work which are currently being investigated follows:

(9)

Shneiderman has investigated the relationship between the
response times of operators and the display refresher rates.
N. Mehta(lo) has developed a method of producing an operator

interface based on the use of a T.V. camera focussed on a

panel and generating signals in response to optical events.
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The design of VDU displays has been investigated by S.S. Reilly
and J.W. Roach(”) who have employed certain techniques
commonly used in the advertising industry for the design of
posters and displays, in order to highlight the important points.

R.F. Sapital!?

has developed several of these methods to
produce a control strategy for use in process control, from

controller layouts through to strategic pattern recognition.

Such work has demonstrated the need to present information
on a display unit in a manner which is easily recognised and
understood by the operator before he takes any action. It
has also shown that the displays should not be over complicated
and should display only the information which is necessary
for that stage in the process. There should also be a facility
to call up additional information at any time to compliment
the main display should any situation require a check to be

made by the operator to support any decision made.

Process Chemistry

The general term amino-formaldehyde resin is used to refer

to several standard resin categories commonly called coating

resins. The main reactants in the chemical formulations
are :-

1) either, melamine, urea or benzoguanamine

2) formaldehyde, in the form of formalin and

3) either, normal butanol or iso-butanol
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1.2.1

The chemical structures of these constituents are given in
Table 1.1. Melamine, Urea and Benzoguanamine are the
base constituents providing the amino groups required to carry
out the various chemical reactions. One is chosen for any
resin and the names are used to identify the three main resin
categories. These compounds are solid under normal conditions

and are used in powder form in the commercial process.

Formalin is the familiar name given to aqueous solutions of
formaldehyde. The strength used in the process is 44%
formaldehyde in water, with 3% w/w methanol also being
present because of the manufacturing route. The formalin
is used to combine with the reactive hydrogens in the base
materials, with the extent of reaction being dependant on
the ratios of formaldehyde to base material in the original
charge. Furthermore, the number of formaldehyde groups,
methylols, reacted onto the base material affects the subsequent

polymerisation reactions and the products which are obtained.

Normal or Iso-butanol is used to etherify the polymerised resin

and hence alter the properties of the final product.

The majority of the experimental work reported in this thesis
was conducted on a group of three commercial resins which
will be referred to as Types, A, B and C resins. Each is
an n-butylated melamine formaldehyde resin, the difference
between each being in the degree to which each resin is buty-
lated. There are three main reactions which occur when
producing such a resin, methylolation, condensation and

butylation(l).

Methylolation

This is an addition reaction and is the first to occur in the



reactant mixture. It proceeds with the combination of
formaldehyde and melamine to form methylol melamines.
The melamine molecule has six reactive hydrogens so depending
on the initial molar ratio and reaction conditions up to the
hexamethylol melamine molecule can be formed (13’14’15}.
There are nine possible different methylol melamine molecules

which can be formed by several reaction routes. A series

of typical reactions are shown in equations 1.1 to L.6.

i NH,
C—N —
N\ ok
C-NH, + HCHO === N C—NH.CH20H
NI i \ 7
C=N C=N 1.1
[ (] ssssnes la
Nl—l2 NH2
Melamine + Formaldehyde Monomethylolmelamine
E\IHz f\IH CH2OH
—N C—N
\ AN
N ;: —NH.CHz.OH + HCHO &N C—NH.CH2OH
NN Nc=N s
' ' lllllll -
NH2 Nl—i2
Monomethylolmelamine  + Form?ldehyde dimeth}lflol melamine
: | |
\ | |
1 | |
{\I(CHzol-l)2 £\T(CHZOH)2
o Ce=N.
Y
N 9—NH.CH20H +HCHO &N C—N(CH20H)2
\C=N \C=N/
! ' faaasaisD
N(CI—I2OH)2 N(CI~~120H)2

Pentamethylol melamine +Formaldeyde hexamethylol melamine

These reactions can continue until all the reactive hydrogens

are used or there is no more formaldehyde available. In the
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case of A, B and C resin it has been shown through chemical

(16)

analysis, by V.H. Patel that an average four moles of

formaldehyde are reacted per mole of melamine.

Condensation

This is the stage of the process in which the polymerisation
reaction predominates over the butylation reaction. The
methylol melamines formed by the addition reactions, react
together producing polymers of increasing molecular weight.
and structural complexity. @ One main reaction has been shown

to OCCLII'( 1 6).

This is the reaction of two methylol groups
from methylol melamine molecules to produce a methylene
ether bridge as illustrated by equation 1.7 and shown in

Section 1.1.

Methylene Ether Bridge Formation

NH NH

2 \2
C—N N—C
/7 \ / \
N C—NH.CH20H +HOH2C.HNC N
N )
C=N N=C
NH, NH,,
v
I|\IH2 NH2
C—N N—C
/8N AR
N C—NH.CH20.CH2HN —C N + H2O
\[=N/Methylene ether bridge Nj
NH, NHas oo 1.7



As the condensation reaction illustrated above proceeds and
the chain length increases then a viscous resin is produced.
The greater the degree of condensation then the more viscous

the resin becomes.

The reaction illustrated above shows in general terms what
happens during the condensation stage of the process, specific
data on the reaction rates and kinetics are not available.

(2)

Investigations carried out by Okana and Ogata into the
condensation rates were made at different reaction conditions
to those employed in the manufacturing process and therefore

cannot be used. V.H. Patel has made progress in developing

the understanding of these reactions.

1.2.3 Butylation

During this stage of the reaction the amino resin is modified
by the combination of butanol with the methylol groups of

the resin as illustrated by equation 1.8.

NH.CH20H N H.CH2OH

PN SO

. /C_NH.CH20H - C4H90H T—I:I /C—NH.CH20 C4H9

C=N C=N

! " + H20
NH.CH2OH NH.CH2OH

This reaction produces water and since this reaction is an
equilibrium reaction the water must be removed if the butylation
reaction is to proceed in the forward direction.  The butanol

present in the reaction system fulfills two functions. Firstly,
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it is a reactant. Secondly, it acts as the solvent which
controls the overall concentration of the reaction species and
hence controls both the overall rate and extent of reaction.
It is therefore important that the butanol is not removed from

the system during reaction.

The reaction with butanol of the amino-formaldehyde resin
is required to increase the compatability of the resin with
other resins and solvents. Therefore, for any one particular
product to be obtained the condensation and butylation reactions
must take place in the correct balance and so the required
butanol concentration must be maintained throughout the
reaction if the product quality and consistency are to be

achieved.

Water Removal

For the butylation reaction to proceed it is essential that
the water is removed from the reactant system efficiently
otherwise the possibility exists for the condensation reaction
to continue until the reactant mixture gels. This is because
the butylation reaction is an equilibrium reaction producing
water. If too much water is present in the system - then
the butylation reaction is inhibited and the condensation reaction
occurs preferentially. This can lead to the gelation of the

reactant mixture.

The water present in the raw materials and the water produced
by the reactions are removed from the mixture by evaporation.
When boiling occurs the vapour contains a different concentra-
tion of the solvenfs and water from that which is present

in the reaction mixture. Both n- and iso-butanols and water
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= 970 o

form a minimum boiling point azeotrope having a composition
well outside the mutual solubility range of the two components
in the liquid phase. Therefore when this azeotrope is
condensed, two separate liquid layers are formed, the top
layer being mainly solvent. If only these two components
are present then the equilibrium separation is as in

Figure 1.3.

The bottom layer which contains mainly water and usually
termed aqueous distillate is removed from the system, whilst
the solvent layer commonly known as wet solvent, is returned
to the reactor. From Figure 1.3 it can be seen that the
wet solvent contains 20% water, which is an undesirable level
since it is being returned to the reactor. Also, the rate
of separation of the liquids is rather slow so an entraining
agent, in this case Xylol, has normally been used in the manuf-
acturing process both to reduce the water content of the wet
solvent and to speed up the physical separation process of
the two liquid phases. Xylol is a commercial mixture of
the three isomers of xylene, whose structures are shown in

Table 1.2.

With this third component present in the system, a different
equilibrium between the solvent and aqueous phases is achieved,
as shown in Figure 1.4, However, xylol is not detected in
the aqueous distillate at separation temperatures and so it
is continually re-circulating. Thus only one initial charge
is required, the xylol content in the reactor remaining essen-

tially constant.

Manufacturing Procedure

For type A, B and C resins the current manufacturing process



E -ng iR

Figqure 1-3 Equilibrium Separation of the Butanol/Water System

Component [Wt% [Mol %
Butanol 800 |[49:3
Water 20-0 | 50-7

0-694 F
Component | Wt % |Mol% :
Butanol |57-9 | 25
Water 4L21 | 75

0306 F

Component | Wt% [Mol%
Butanol 7-8 2
Water 92:2 | 9%

F = mass flow rate at 20°C
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Figure 1'4  _Equilibrium Separation of the Butanol/Xylol/Water System

Component | W% |[Mol%
Butanol 63-1 | 541
Xylol 288 | 172

Water 81 1287
0-68 F
Component |Wt% [Mol % ‘
Butanol 451 122-2
XylolL 19:6 |65
Water 353 (713
032 F

Component | Wt% | Mol%
Butanol 66, |17
Xylol 0 0
Water 93-4 {983

F = mass flow rate at 20°C
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1.3.4

for raw materials through to saleable product, can be divided
into seven distinct phases of operation, each having its own
method of control. The cycle time for the resins under
investigation can be up to 24 hours. The following describes

each stage and their appropriate control methods :-

Initial Charging

Initially dry n-butanol and 44% formalin are volumetrically
charged to the reaction vessel, via an automated solvent
distribution system and the mixture agitated. At this point
recovered butanol containing water, formaldehyde and butanol

may also be charged.

pH Adjustment

A sample of the reactor contents is withdrawn and tested
to determine its pH. If it is outside the specified pH
range then 32% w/w sodium hydroxide is added to the charge

to bring the contents within the range.

Alkaline Boil

The melamine is now charged by weight, manually, to the
reactor and when this is completed, full steam is applied
to the vessel's coils. The mixture is brought to the boil
gently and refluxed for a fixed period, with all the distillate
being returned to the reactor. It is during this stage that
the addition reaction, methylolation, occurs between the
melamine and formaldehyde, as described in Section 1.2.1.

The control in this stage is solely the fixed time period.

Dehydration

At the start of this stage Xylol is volumetrically charged to
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the reactor and the distillate directed to the separator.  This
begins the water removal stage. The water which has entered
the reactor with the formalin and recovered butanol if used,
is distilled out of the system. As this process proceeds the
synthetic resin is formed by the condensation and butylation
reactions. The water of reaction produced is also removed

during this stage.

During the dehydration stage the reactant temperature is used

as the key control parameter and the water removed is assumed
: ; o

to be complete when the reaction mixture reaches 102 °C.

On achieving this temperature the heating to the reactor is

- reduced, before commencing the next stage. Also three hours

from the start of the dehydration stage, a further charge of
butanol, normally termed butanol(2) is made. This charge
is made then because water removal has reduced the total

volume in the reactor sufficiently to allow it to be made.

Acid Reaction

At this stage the appropriate type and quantity of acid is
charged to the reactor in order to further catalyse the butylation
reaction. = The heating is then increased and the water removal
process continued, in order to progress the butylation reaction.
This water removal can be further enhanced by the operation
of a distillation column on the reactor to reduce the water
content of the returning wet solvent. During this stage both
the condensation and butylation reactions are occurring. The
reactions are controlled by testing resin samples hourly for
both viscosity and solvent tolerance, which measures the degree

of butylation. These measurements are adjusted to be within
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certain limits by the addition or removal of butanol from

the reactor.

In the resins which use recovered solvents the initial quantity
of butanol charged to the reactor is often not known precisely,
due to the variability in the water content of the recovered
solvents. By controlling the resin viscosity during the acid
reaction stage a limited safeguard against the production of
an irreversibly over condensed resin is introduced. This is
needed especially when the butanol could be undercharged

due to the uncertainty in the recovered solvents composition.

On attaining a value for the solvent tolerance which is within
specified limits for the specific resin, cooling is applied
to the reactor. This marks the end of the chemical reactions

and the beginning of the final adjustment and processing.

Vacuum Stripping

This stage is used to adjust the viscosity of the resin so that
it falls within the specified limits. The operation is carried
out by applying vacuum to the reactor and evaporating the
solvent from the resin until the viscosity and density are within

the desired limits.

Filtering, Blending and Packaging

The resin is required to be filtered to remove any gelled
particles and insoluble material. This operation is continued
until a clear sample of resin is obtained. The product resin
is then pumped to a blender where, if necessary, further solvent

additions can be made or another batch blended in. From
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here, the resin is either drummed off or transferred to road

tankers for shipping to the customer.

Production Equipment

The production facility under investigation by the Teaching
Company consists of four, identical ten thousand litre stainless
steel reactors, shown in Figure 1.5, fitted with jackets and
coils for heating or cooling. Variations do exist in the over-
head equipment with some reactors only having a vapour riser,
condenser and separator, whilst others have distillation columns
to fractionate the returning wet solvent from the separator

to reduce the amount of water returned to the reactor.

One reactor, 12, is fully fitted with electronic instrumentation
thus making it suitable for interfacing to a computer for
control purposes and also as a test site for new sensing

instruments.

This reactor was used for the practical work reported in this
thesis and is illustrated in Figure 1.6. The reactor has a
distillation column associated with it which is used to contact
directly the rising vapour from the reactor with the wet solvent
returning from the separator. This operation is effectively
a batch distillation, the reactor acting as the reboiler.
The distillate is condensed and flows into the separator, where
two liquid layers form. The wet solvent layer overflows
from the separator to the buffer tank and is either removed
from the system or returned to the reactor directly or via
the column. When returned to the column the wet solvent
flowrate is controlled by the column top temperature which

is set to maintain the azeotropic composition. During the
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acid reaction stage there is sufficient wet solvent available
for reflux to maintain this condition, so at this point the
control is switched to buffer tank level control and all the
wet solvent is returned as reflux. The temperature is allowed

to increase.

The aqueous distillate layer in the separator is pumped away
at a flowrate controlled by a level controller determining
the interface level in the separator. It is pumped and metered
either directly to a storage tank or via an intermediate weigh

tank.

Discussion

The process described above can be carried out successfully
only if appropriate corrective action is taken when the
measurements made show a divergence from the intended
values. Some of these measurements require at present
manual intervention and delays. The task of this thesis is
to describe the way in which computer control methods have
been developed and applied to Reactor 12. This has also
involved the assessment of automatic means of analysis of
the previously manually controlled variables. In some cases,
it has been possible to implement online measurements.
Work has also been done to measure other variables not
previously —monitored. This section outlines these main

activities.

The literature reviewed covering the process chemistry has
shown that water is produced during the condensation and

butylation reactions. By stoichiometry the quantity produced



at each stage is an indication of the extent of the forward
reaction.  This has been discussed in detail by V.H. Patel(21).
In the commercial process, water is also introduced into the
system from two raw material sources, the formaldehyde
solution and the recovered solvents. It has already been

(4)

shown by Freeman that monitoring the mass of aqueous
distillate removed from the reactant mixture can be used
to indicate the process end points. In order to determine
accurately these end points a method for determining the
variable water content of the recovered solvent needs to be
identified. The formaldehyde solution is tightly controlled

and monitored and does not require to be analysed in the

same manner. This work is fully reported in Chapter 3.

It is an important requirement to have a suitable computer
system. This can be considered in two parts, the software
which is needed and appropriate computer hardware and inter-
faces. The software was developed in a modular form to
allow the development and implementation of individual
procedures. The computer hardware required must run the
programs and have inputs and outputs to several peripheral
devices such as printers and VDU's, as well as to the plant
controller and instruments. It must also be expandable to
allow for the development of the control strategy and provide
the operator with an easily useable and understandable inter-
face to the computer and the process. The development
work is reported in Chapter 2 with the final development

and results from control trials reported in Chapter 4.
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2. COMPUTER SYSTEM: DESCRIPTION AND INSTALLATION

Introduction

The most important factors which must be taken into account
for the introduction of computer control to a process, are
the constraints imposed by the current plant equipment and
instrumentation and by the involvement of the operators in
the resin processing. In order to work within these
constraints the work presented in this chapter sets out the
system requirements, along with the philosophy adopted to
bring about- computer control, both in relation to the

production equipment and the operator's role in the process.

Computer System

The production equipment and instrumentation in this study
was Reactor 12 of the resin plant. The major equipment
requirement for this project was therefore the purchase of
a computer system which would fulfill the developing needs
throughout the project together with the necessary interfaces.

The general needs of such a system are outlined as follows:-

(i) The ability to take in signals representing the
measured values from the process instrumentation;
carry out calculations on this information in real
time and return appropriate control signals to the

plant within the control band of time.

(ii) The need to support multi-tasking, to allow several
control and monitoring procedures to be operated

simultaneously.



(iii) The capacity to support more than one terminal
operating simultaneously. This facility was achieved

using the operating system installed on the computer.

(iv) The need to be flexible in the type of input and output
devices installed on the computer, especially for

receiving measurements and sending out control signals.

(v) The need for sufficient computer memory so that
enough is available for the initial requirements, with

the option to add to this as the software is developed.

The system which was selected to meet these requirements
was a SEED System 19, This computer was based around
a Motorola 6809 microprocessor and was supplied with the
OS-9 operating system. This is a UNIX type operating system
supporting multi-user, multi-tasking operations. The basic
computer unit comprised of dual 5%" disc drives, 256K of
memory as standard, four input/output cards to allow
connection to devices such as terminals and printers and
a 16 - channel multi-plexed Analogue - Digital Converter,
ADC, to receive signals from plant instrumentation. In
order to provide an operator interface a terminal was required.
For this a BBC microcomputer Model B was purchased, based
on a 6502 microprocessor with a Microvitec Cub monitor.
This computer was modified to become a terminal by the
installation of a PLC Emulator Read Only Memory, ROM,
chip in one of the spare ROM sockets on the computers circuit
board. Finally, an Epsom FX - 80 F/T printer was purchased

to allow not only for the production of software listings during
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the development stages, but also for the generation of log-
sheets during the plant trials. Other hardware acquisitions
were made during the course of the work which included a
second BBC Model 'B' computer and a 6502 second processor
for one of the BBC's to provide increased memory for graphics
applications. Also needed were extra memory for the SEED
and digital output and input devices. These are described
in more detail in the appropriate sections of this chapter
and Chapter 4.

Microware Systems Corporation OS-9 Operating System(”)

The operating system, OS-9, used in the SEED 19 computer
is extremely flexible. The operating system and each program
running is considered as a task, allocated a section of memory
and a priority for access to the CPU, Central Processor Unit.
Thus control tasks requiring action in real time can be given
priority to ensure their completion. Each task can have
access to the input and output devices when required, with

the operating system resolving any conflicting requirements.

The basic philosophy for input and output used in this operating
system is that all data transfers to Input/Output, I/O, devices
are performed in virtually the same manner despite the
differences in the hardware devices involved. This is achieved
by the definition of a set of standardised logical functions
for all types of peripheral device. All /O devices conform
to those conventions, through the use of software routines
to eliminate hardware dependencies whenever possible, thus
producing a simple and versatile input/output system. This

system is termed a Unified Input/Output System and is based



T, S

upon logical entities called I/O paths which are used to route
data from a program to mass storage files or other I/O devices.
The data which is transferred through these paths will be
processed automatically by OS-9 to conform to the hardware
requirements of the I/O device selected.  These data transfers
can take one of two forms, firstly, bidirectional, read or
write, or secondly undirectional, read only or write only.
This depends on the device type and on the way in which
the path was constructed. The data is transferred as a
stream of 8-bit bytes that have no type or value associated

with them and is only meaningful to the programs using it.

Each of the input/output devices supported by the system
requires to have a unique name. These names actually refer
to the device descriptor modules stored by OS-9 in an
internal data structure called the module directory, which
is set-up automatically during the start-up sequence. The
device names which can be used are arbitrary but for common
peripherals the following standard names are commonly used

and were used in the programming work for this thesis :-

T.Q - Primary system terminal
T, T2 - Other serial terminals
P - Parallel printer

Ps - Serial printer

DQ - Disc drive unit zero

DI - Disc drive unit one

Other device descriptors were used in the programming work

and they will be mentioned in the appropriate section.
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Multifile Devices and Directory Files

The multifile devices employed by this system are two disc
drives using 5%" floppy discs. The data which is being stored
on the device is organised into logical entities termed "files".
In order to understand the relationship between the directory
files and data files it 1is easier to refer initially to

Figure 2.1.

Fig. 2.1. Multifile Device Storage Structure

System Device Directory

I I [ |

DO TO DI 11
DO Root Directory 1| Rootl Directory
DEFS Start CMDS File File File
Up | 2 3

0S9
Defs

sl Lot islodr

Copy list dir del back erase
up

From Fig 2.1 it can be seen that the directories are organised
in the form of a tree-structured hierarchy. The highest
level directory is the "system device directory”, which contains
the names and linkages to all the Input and Output (I/O)
devices for a given system configuration. In the case of
multifile devices, here represented by DO and DI the next

level in this hierarchy structure is the master directory,termed
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root directory which contains the names of the files and sub-
directories stored on the device. @ The root directory is created
automatically when the disc is initialised during its formatt-

ing routine.

When OS-9 is requested to establish an [/O path to a file
stored on one of the disc drives, it uses the names given
in a pathlist sequentially from left to right to search various
directories and obtain the necessary routing information.
As an example of the formation of a pathlist referring to

the file list, the following is used :-

DO/CMDS/list

It should be noted that it is customary practice that the
directory names are given in capitals whilst ordinary file
names are not. This allows the easy identification of directory

files on file lists.

Installation of the System

The first step in installing the above system on the Butylated
Resins Plant was to determine the physical locations for
the computer hardware, with special precautions being made
because of the hazardous nature of the plant environment.
It was decided to locate the SEED-19 computer in the plant
control room. This minimised the cabling requirements
between the reactors' instruments, which are also housed in
this room, and the sixteen channels of the A-D converter

on the computer. Due to the lack of space in this room
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the terminal and printer had to be located in a separate
room in a safe area, which was approximately 20m away.
The two sites were connected by 3 serial channels conforming
to standard RS423. To allow for verbal communication between
operators in the terminal room and the control room, an

intercom system was installed.

Current Plant and Instrumentation

The current plant and instrumentation has been previously
illustrated by Fig 1.6. This diagram depicts one of the
reaction vessels within the butylated resins department at
BIP Chemicals Limited, these vessels are commonly referred
to as Stills. The particular vessel illustrated in the diagram
has electronic control and instrumentation which makes it
the most suitable for interfacing to a computer. The

(22)

instrumentation belongs to the Foxboro Spec 200 family
and a basic arrangement for these instruments is given by

Figure 2.2.
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Basic Arrangments of SPEC 200 Instrumentation

Figure 2.2

vwos-0lL
vwoz -4

UOISJRAUOD
1eubis pue
Jayyng 4nding

SJa4JaAuo)
1e41biQ
Ja11044u0) JopJoIay 0} 3nbojeuy
juiod Jas Jey) 6l 033S
................. i
—————— e — -l
[ ajey 8sIng
abejioA
UOISJBAUOD AW
uolJaun .
AOL=0 | orion | A0-0] ] 1eubis pue < © i
JayJnq jndug ald
ywos-0L
YwoZ-¥
it
swJe)y




The instruments installed on the production plant were of

the following types :-

1) Temperature Probes - Degusa 100 Platinum

Resistance Thermometers

2) Pressure  Transmitters - Foxboro, Differential

Pressure Cells

3) Flowmeters - Rhodes, Semi Positive Displacement
Meters
4) Steam Flowmeter - Orifice Plate with Foxboro

Differential Pressure Cells
5) Vacuum - Foxboro Differential Pressure Cells

6) Aqueous Distillate Tank Weight - Darenth, 4 point
stood lever system with a pneumatic weigh head

transmitter.

From the diagram, Figure 2.2, it can be seen that the outputs
from these instruments pass into signal converters before
being displayed on chart recorders, in this case Chessell
recorders, or digitally displayed in the case of the Aqueous
Distillate Weight. @ The instruments and the ranges in which
they display are shown in Table 2.1. For outputs see

Table 4.2., Section 4.3.
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Table 2.1 Reactor Instrumentation and Ranges

Instrument Range Units
Coil/Jacket Pressure 0-4 bar
Steam Flow 0-1400 kg/hr
Aqueous Dist. Flow 0-1500 1/hr
Wet Solvent Flow 0-3000 I/hr
Reflux Flow 0-3000 I/hr
Still Temp 30-130 il
Column Top Temp 55-105 ¢
Cooling Water Feed 0-50 %
Cooling Water Return 0-50 e
Distillate Temp. 0-50 %
Vacuum 0-10Q0 mmHg
Aqueous Distillate Weight 0-4000 kg
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Interfacing of the SEED 19 to the Plant Instrumentation

In order to physically connect the computers analogue to digital
converter to the plant instrumentation, twenty, twin core, shielded
cables were laid between the instrument cabinet and the computer
a distance of approximately 3m. The cables were passed into
a junction box where they were connected to two sixteen core
cables leading to the computer, where the appropriate cable
cores were attached to selected pin numbers on both of the
25 pin D type female connectors mounted on the ADC, as in

Appendix 2.

The calibration of the analogue, O-10V signals being fed to the
computers converter was conducted in the following manner.
A high accuracy generating unit was placed across the cable
cores corresponding to a particular instrument. A voltage was
generated in the circuit corresponding to a particular temperature,
pressure, flow or mass for that particular instrument. The
digital value registered by the computer for the voltage generated
was sampled by the system ten times and then averaged. A
print out of the engineering value against the digital value was
obtained and then another voltage was generated and the
process repeated until the range of the instrument had been
completed. From this data calibration curves were drawn for
each instrument and mathematical relationships obtained by the
use of a linear regression program. The calibration curves
are given in Appendix 2, whilst the mathematical relationships

are given in Table 2.2.



Table 2.2 Relationship between Digital and. Engineering Values

(Straight Line of the form E = MD + C)

Instrument m ¢

2

Still Temp 2:452X10° +30

Cooling Water Feed 1-226)(10"2 *

Cooling Water Return| 1-226X10™ -

Column Top Temp 1-226X102 + 55
Distillate Temp 1-226X1072 g
Steam Flow 0-367 -

Aqueous Dist. Flow 0-37121 -

Wet Solvent Flow 0-7424 -
Reflux Flow 0-7424 -
Vacuum 0-2466 -

Coil/Jacket Pressure 9-997)(10'4 o

Aqueous Distillate 2-004 -
Weight

The relationship given in Table 2.2 take the form, E=mD+C
where D represents the digital value and E is the corres-
ponding engineering value for any of the instruments, given

the constants m and C, See Appendix 2.

It should be noted that the input voltage, to the computer

for the Aqueous Distillate Weight was in the range 0-3V
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and this value has been converted from a pneumatic to an
electrical signal prior to being converted to a digital value.
This caused some errors in the values obtained from this
instrument. Because of the narrower range, any small variations
in the pneumatic signal, which have an effect on the converted
voltage being fed to the computer, will be attenuated by a
factor of two in the converted engineering value compared to
similar 0-10 Volts signal on another instrument. In effect the
value for the aqueous distillate weight is more sensitive to
minor fluctuations in the voltage signals. The effect of this

on the system and data integrity is discussed in Chapters 4 and

8

During these calibration procedures the absolute accuracy of
the instrument was not as important as its repeatability over
the desired range. Any deviations in the absolute value, provided
they are consistent can be allowed for during the calibration
procedure, or the computer software can be structured to allow

for this.

With the limited number of input and output channels available
on the SEED 19 computer and the lack of valve actuators with
proximity switches on the test reactor, control actions required

to be carried out and checked manually.

Software and Hardware Structure

The software for this system was written in two languages, Basic
09 for the SEED 19 system and BBC Basic used by the BBC
Acorn computer. The reason for the use of these two languages
is that the SEED 19 does not support its own graphics routines

and the graphical display was therefore taken over by the BBC



computer. The BBC computer installed for this purpose
comprised of a BBC Model B microcomputer, a Microvitec Cub
High Resolution Monitor, a Cumana dual disc drive and an Acorn
6502 second processor, which would allow much larger graphics
procedures to be written for the BBC and also increase their
speed of operation. The system configuration is best illustrated
by Figure 2.3. The communication between the SEED 19 and
the graphics BBC was arranged by a serial line at RS423 standard
using ASCII, American Standard Code for Information Interchange

Code.

Figure 2.3 System Configuration

vDU
(BBC +
Emulator)
A
Disc » SEED Graphic Displays
Storage System 19 BBC + 6502
Processor
\
Epson BBC Disc

Printer Storage
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2.4.2

Man-Computer-Process Interaction

To begin writing the software for the first stage of the
computer control experiments an intitial general philosophy
for the operators role in the process was defined. Certain
aspects of the process cannot easily be automated, such as
the process sampling and certain material additions. These
were to be prompted by the computer system for the operator
to take the necessary action. With the computer system
at the centre, figure 2.4 illustrates the role of the operator
in the control of the manufacturing process, for the initial
stages of this work, where the computer acts as an aid to
control, while the control strategy was being developed and

refined.

Software Structure

In order to be able to develop the software from computer
aided control through to full computer control the procedures
were written in a modular form. Essentially two packages
were written, firstly the data logging routines to generate
graphics displays and logsheets, and secondly a package
containing the monitoring and control procedures which were
used to prompt the operator for actions to be taken. The
interaction between the procedures for each package are
shown by Figure 2.5 and Figure 2.6. The names which
are given in these figures refer to the various procedures

or files which are used.

The advantages of this approach in writing the software

are that each individual procedure was written, tested and
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Figure 2-4 Man-Computer - Process Interaction

Process
Instruments




55

Procedure/ Flag_File Interaction for Logging_and

Figure 2-5
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Procedure/Flag_File Interaction for Monitoring and

Figure 2-6
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2.5.1

de-bugged before being linked into the system. This made
it much easier to detect faults in each procedure, compared
with finding an error in a large complex program. Another
advantage is that as well as being used individually the
procedures could be re-organised to allow for different
trials and tests to be carried out, especially where data
gathering was required to confirm or refine a particular
piece of the control strategy. The procedures were flag
driven. This means that a data file was periodically read
by a particular procedure to check the current status.
When a value was detected that required action by that
procedure it carried this out before proceeding onto its
next operation. For example the procedure xyloadd monitors
the flag file boil. @ When the value in this file has changed
from O to 1 the procedure starts a timing routine which
when complete indicates that Xylol should be added. This
is done by the procedure adjusting the value in the file

adxylo.

Software

As mentioned previously the software has been written in
a modular form and split into two distinct packages as
illustrated by Figures 2.5 and 26. The following briefly
describes the purpose and operation of the various procedures
illustrated on. the above mentioned figures. Appendix 3

gives the Flowsheets and Listings for these procedures.

Procedure 'begin' creates and initialises the flag files which

are used throughout the production run by the other
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2.5.3

NS e

procedures. The second function of this program is to
request the selection of the resin to be manufactured, after
receiving the resin type the standard formulations are dis-
played for wet or dry batches and a further choice is
required, as to which type of butanol charge is to be used.
Based on the selections made, several operational data files
are created containing the relevant charge information for

use by subsequent programs.

Procedure 'wet' uses the charge composition data files created
by 'begin', displaying the material quantities in the order
in which they should be charged and requesting a positive
acknowledgement of charging by requiring that the actual
material quantity be entered via the keyboard. This
procedure also needs the composition of the wet solvent
and the water content of the formalin to be entered,
to allow for the calculation of the adjusted butanol (2) and
xylol charges, as well as calculating the amount of water
which will be removed during both the dehydration and acid
reaction stages. After assembling the relevant data, further
operational files are created containing the actual charges
made, the adjusted secondary charges and the water to be

removed.

Procedure 'dry' is similar in function to 'wet' but does not
require any data input relating to the wet solvent
composition. It does still however require the formalin's
water content to be entered for a similar purpose as 'wet'.

Similar files are also created for use by the monitoring
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and control procedures. Both 'wet' and 'dry' before
termination start the execution of the procedures 'datalogs'

and 'opfiles' in the background mode.

Procedure ‘'datalogs' initiates the execution of the data
logging procedures ‘'prodat', 'still-log' and ‘transfer' which
generate data for the disc files, logsheet and graphics display

respectively.

Procedure 'opfiles' initialises the flag files which are to
be used by the monitoring procedures to communicate with

the operator prompting procedure.

Procedure 'prodat' accesses the analogue to digital converter
to obtain the digital values of the 0-10V signal outputs from

the Spec 200. These values are then converted to
engineering values using the appropriate calibration equations.
This data is then down-loaded to disc files for use by the
logsheet generation routine. The procedure operates by
using ten blocks of stored data, on individual files, updated
every minute and overwriting the files in the set every

ten minutes.

Procedure 'still-log' produces a logsheet of the process values
at ten minute intervals throughout the production cycle,
using the data stored by 'prodat'. [t also accesses the
flag files used by the controllers, detecting and logging
any changes made to the controller set points. At the
end of the production cycle a table is produced giving all

the raw materials used both recovered and pure.
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Procedure 'transfer' is used to acquire data from the process
instrumentation for use by the graphics package on the BBC
Computer. The digital data is acquired from the A to
D converter and then converted to engineering units before
being broken into ASCIl characters for transmission to the

BBC, this data is updated and transferred every ten seconds.

Procedure 'inout' provides the interface between the
operator/terminal and the monitoring and control routines
operating in the background mode. The operation of this
procedure relies on the changing of flag values by the
monitoring procedures running in the background. Whenever
a change in value is detected the appropriate message is
generated and a suitable response to this prompt is requested,
either the entering of a raw material quantity charged or
an appropriate answer to the question. All the values
entered are stored and used by the logsheet procedure to

generate a hardcopy at the end of the cycle.

Procedure ‘'xyloadd' is a timing procedure whose counter
is triggered at the onset of boiling by accessing the
appropriate flag file. The timer counts for a period of 15
minutes, during which time the methylolation reaction occurs,
at the end of this period the value in the flag file 'adxylo'

is altered and the procedure terminates.

Procedure 'buoh2add' is another timing routine whose function
is to time the reaction for a period of three hours after the
addition of the xylol.  The value in the flag file 'adbuoh'

is then altered to indicate that the dehydration stage has
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progressed sufficiently for the addition of the second butanol
charge. On completion of this, the procedure then

terminates.

Procedure 'acatad' monitors the still temperature and mass
of aqueous distillate removed to determine the end point
of the dehydration stage. At this point the value in the
file 'adacat' is altered to indicate that the acid catalyst
should now be added. To obtain the end point more
accurately a ten point rolling average is used to determine
the aqueous distillate mass at any time, this is due to the
fluctuations introduced into the system by the pneumatic

converter and the sampling period of ten seconds.

Procedure 'acidreact' monitors the aqueous distillate removed
to detect the end point of the acid reaction stage and then
bring about the completion of the reaction cycle by altering
the value in the file 'areact'. This procedure also uses

rolling average for the aqueous distillate mass.

Graphics Displays

As previously explained the SEED 19 does not support its
own graphics displays so this duty has been given to a BBC
Model B microcomputer with a second processor and dual
disc drive. Since the BBC computer is a single tasking
system a single program has been written to provide the
facility to receive data from the SEED 19 and display it
in a graphical form. The program consists of several
sub-routines which are either concerned with data reception

or represent a particular form of display.



The key sub-routine is that which accepts the coded data
in ASCIl form from the SEED system through the RS423

serial port on the BBC.

The operation of this whole program is dependant on the
information being received by this subroutine. The program
will not proceed to plot the new data or change displays
until the package of process values has been received from
the SEED. Once this information has been received the
program executes another routine where a decision is made
to either produce a graphic display routine or to store
the data on the local disc. It does this if ten minutes
have elapsed since this last occurred, prior to executing
the graphics routines. Once into the graphics routine there
are two options, firstly the current display can be updated
with the latest data or secondly, if a change of display
has been requested then the display is redrawn in the new
format with the Ilatest information displayed and with
negligible delay. The program then returns control to the
data reception routine to await the next package of data.
The time between data transmission is ten seconds which
gives a mean waiting time for displays to be wupdated of
five seconds. This is more than adequate for a system

of this nature.

The actual graphics displays consist of the following. Firstly
a menu selection display itemises the five basic displays
available. Three of the displays give the trends of the
key control parameters of Reaction Temperature, Aqueous
Distillate Weight Off and Resin Viscosity. All are plotted

against the reaction time. The two remaining displays
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contained various process values. One consisted of a series
of bar graphics, whilst the main display was a mimic diagram
of the production plant, with the process values displayed
to one decimal place. These displays are illustrated by figures

2,7, 2.8, '2.9.

Limitations are placed on the colours which could be used
in the high resolution mode graphic displays by the operating
system of the BBC Model B and the available memory of
64K. The display is limited to modes where two colours
are available, foreground and background, and a large
proportion of the memory was required for the screen
mapping. The colours chosen for those displays were black
for the background and green for the foreground. These
were selected because they produced a display which was
clear and easily readable compared with the other colour

combinations available on the BBC Model B microcomputer.

Conclusion

The system described here was installed on the production
facility at this stage of development. It was configurated
in such a way that it could be expanded. This allowed
for the development and implementation of the control
strategy over several stages, as well as the full testing
of the software at each stage. The power of the SEED 19
system lies not only in the ability to expand its memory
as required for more procedures, but also in its ability to
interface with peripheral devices through the installation of

additional cards such as Digital-Analogue Converters.
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Typical Trend Display
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The software, having been written in a modular form, takes
full advantage of the multi-user, multi-tasking operating system,
OS-9 and allows several procedures to be resident in memory
and sharing the Central Processor Unit, CPU, time con-
currently. It also allows for the writing and installation
of additional procedures, where required for peripherals which
have been added to the system or where further software
operations are required. The graphics package on the BBC
microcomputer provides a usable interface between the plant
and the operator, using displays which are easily readable
and understandable and supplying the process values
which are known to be the key control parameters in a hist-

orical trend format.

Therefore the computer and its peripheral devices provided
a basis for the development and implementation of a computer
strategy on the full scale production facility within the limits

imposed by the current plant hardware.
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WET SOLVENT ANALYSIS AND PROCESS VISCOMETRY

Introduction

It was shown in Chapter 1 that the mass of aqueous distillate
removed from the reactor is a suitable measurement for
indicating the desired end points at various stages of the
reaction. The use of this measurement is suitable for
laboratory or pilot scale production where the total amount
of water to be removed from the reactor system, comprising
the formalin and that due to the reaction, is known. On
the full scale production facility this is seldom the case
due to the use of recovered solvents which contain variable
amounts of water. These solvents come from two sources,
the vacuum stripped solvents which are removed from the
resin mixture at the end of the reaction to bring the resin
into the appropriate specification range and the solvents
recovered from the aqueous distillate which is removed
continuously throughout the reaction. The aqueous distillate
undergoes a series of distillation operations to increase the
solvent concentration before it is mixed in with the vacuum

stripped solvent for re-use.

The recovered solvents are  multi-component mixtures of
butanol, xylol and water with small amounts of formaldehyde
also present. In order to bring about effective control of
the process one or more measurements are required to
determine this composition so that adjustments can be made
by calculating the actual charges of butanol and xylol and

obtaining an accurate value for the water which had been
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added. All this extra water has to be removed from the
reactor in addition to the water of reaction. This chapter
deals with the methods investigated to meet these requirements
along with the outcome of the plant trials which were carried

out to evaluate the methods selected.

Solvent Recovery Operations

As previously described the recovered solvents are obtained
from two sources. The vacuum stripped solvents are of low
water composition and can be re-used without further
processing. The aqueous distillate contains only about 8%
butanols and therefore requires to be processed further in

a solvent recovery plant before it can be re-used.

This processing is carried out on Solvent Recovery Plant No.
1 at BIP Chemicals Limited. The basic feedstock is
aqueous distillate  which is a multi-component liquid.
In order to separate it into streams of the required quality
it has to be processed through two distinct distillation opera-
tions. The plant is a 20-plate, bubble cap column which
is used for each of the distillations termed DIl and D2.
Figure 3.1 illustrates the solvent recovery operations as
well as the recovered distribution system for both the

iso-butanol and n-butanol.

It should be noted from this diagram that only the recovered
iso-butanol, termed wet iso-butanol, receives solvent from
the solvent recovery plant. This is because the aqueous

distillate from both the iso-butylated and n-butylated resins
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are mixed into one tank prior to being processed. The
recovered solvents are then fed to the wet iso-butanol tank.
The recovered wet iso-butanol is therefore contaminated with
n-butanol. This choice is made to ensure resins made with

n-butanol do not contain iso-butanol.

D1 Distillation

The aqueous distillate, containing water, butanols, formaldehyde
and methanol is fed to the fourth plate of the twenty plate
column, numbering from the bottom up, and distilled. The
bottom product is a water and formaldehyde solution termed
weak formalin since it contains between 3 - 6% formaldehyde.
This is removed to be used as a diluent in other plants.
The top product is a mixture of water, methanol and butanols

and is stored in a tank as feed for the D2 distillation.

D2 Distillation

The feed for the D2 operation is pumped to the fifteenth
plate of the same column. The feed is separated into
a top product of methanol and water, which is pumped to
the recovered methanol tank. The bottom product is an
azeotropic mixture of butanols and water. On cooling,
the bottom product settles into two layers, an aqueous phase
and a solvent phase. The aqueous phase is re-cycled back
to the main aqueous distillate storage and the remaining

solvent phase is transferred into the wet iso-butanol tank.

This operation not only contaminates the iso-butanol with

a quantity of normal butanol but due to the physical
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separation of the azeotrope a solvent containing about 20%
water is fed to the wet iso-butanol tank. This introduces
a variable water content into the reaction system through
the subsequent use of this wet solvent. PUAL Freeman(4)
has identified and installed a process which will reduce
this water content to a minimum. This was achieved
by installing a continuous knitmesh separator, which
operates on the principle that one of the misible liquids
will preferentially wet the material used to construct the
knitmesh. This will cause droplets to coalesce and due
to the difference in liquid densities then two layers will
form. The two storage tanks freed by this method of
separation can be used as holding tanks for the solvent layer

so that it may be further processed by a D3 distillation

operation.  This is illustrated by Figure 3.2.

D3 Distillation

The feed to the D3 operation contains about 20% water in
butanols and is pumped to the fifteenth plate of the same
column as DI and D2. This operation distills the feed into
a bottom product of almost dry butanols (™~ 2% water) and
a top product which consists of the butanol-water azeotrope.
The top product is separated into an aqueous layer which is
pumped back to the aqueous distillate tank and a solvent layer
which is re-cycled back to the D3 feed tank. The dry,
bottom product which has a water content similar to that
of the vacuum stripped solvents is sent to the wet iso-butanol
tank. A diagram of this operation along with D1 and D2

is given in Figure 3.2.
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Methods for Determining the Wet Solvent Composition

So that batch to batch consistency can be obtained in the
manufacture of butylated resin some means of determining
the wet solvent composition on-line is required. This
can then be used to make adjustments to ensure the correct
amounts of reactants in the charges. The following are

the methods investigated for this application :-

1) Conductivity

2) Gas Chromatography
3) Infra-Red Analysis
4) Capacitance

5) U ltra-Violet Analysis

6) Density Measurement

The extent of investigation varied depending on the initial
laboratory results or the response of instrument suppliers
when approached regarding the possible applications. The
methods which gave promising results were installed for trial
periods on the production plant. These methods and the

outcome of the plant trials are discussed in this chapter.

Conductivity

Because of the presence of water in the ternary mixture it
was thought that a conductivity cell might be of use in
determining the water content of the mixture. Since
no equipment was readily available to test this application
at BIP, several instrument manufacturers were approached

to determine the feasibility of this application under the
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conditions present in the wet solvent transfer lines. The
results of these consultations were that if the water content
was within the range 0 - 5% w/w, then the application would
be feasible. Since the water content of the wet solvent
can be up to 10% w/w it was decided not to proceed any

further with this method.

Gas Chromatography

(4)

This method was originally used off-line by P.A. Freeman
to determine the compositions of the wet solvents and aqueous
distillates in order to produce accurate mass balances for
the reaction process and solvent recovery plant. This
technique has the advantage that it will produce a complete
analysis of the solvent stream. For this application to be
investigated further Beckman Industrial were approached to
determine if this method could be applied on-line. They
indicated that this would be possible using one of their 6750
series Process Gas Chromatographs which was certified for
operation in areas handling flammable materials, Zone 1.
The solvent would be sampled approximately half way through
the charging cycle and its analysis would take about twenty
minutes. The output signals for the analyser unit are of
a form which would allow them to be fed to a computer for

further manipulation, such as charge adjustment calculations.

There were two disadvantages to applying this system to
the production plant. Firstly, the cost of an analyser unit
was in the order of £30,000 and could not be justified

since it would only be used during wet solvent charging
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operations which only occur two or three times a day.
Secondly, during the charging operation only one sample of
solvent would be analysed since the analysis takes about twenty
minutes which is about the maximum time taken to charge
solvent to the reactor. This sample may not represent
the bulk of the solvent charged since additions to the wet
solvent holding tanks could be made during the charging
operation, therefore changing the solvent balance. Therefore,
this analytical technique was not pursued any further for on-

line application.

Infra-Red Analysis

Work carried out by B.B. Gandhi“S}

reported various
laboratory techniques which could be utilised to carry out
quick analysis of the wet solvents. This work indicated the
possibility of using a dual Infra-Red Analyser system to
determine the water and xylol composition of the wet solvent
stream and hence the butanol concentration by difference.
This route was pursued by contacting manufacturers of on-
line infra-red analysers to investigate this application further.
The results indicated that the water measurement would be
affected by the butanol in the system and therefore the value
obtained for the water content would be unreliable. This

method was therefore not progressed for evaluation trials on

the production plant.

Capacitance

Little previous work had been carried out using this method

for determining solvent compositions, so a series of
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laboratory experiments were carried out to determine

whether this method was worth pursuing.

The basic theory behind capacitance measurement is given

by equation 3.1

A

C = Er Eo @  vssassvnses sl

Where:

C - Capacitance

A - Area of plates

d -  Separation of plates

Er - Relative permittivity of the Dielectric (ie. Dielectric
Constant)

Eo -  Permittivity of free space

Therefore since EoA/d is a constant for the cell the
capacitance is proportional to the dielectric constant which

is a property of the material between the plates.

Experimental Investigations

For this work a direct reading digital capacitance bridge
was used and a capacitance cell was fabricated, Figure 3.3.
Initially samples of n-butanol/xylol were used in the cell and
their capacitances obtained. These results are given in
Table 3.1, the relationship is linear and is illustrated by

Figure 3.4.

This experiment was repeated for n-butanol/water and
n-butanol/xylol/water  mixtures. No usable results were

obtained for the mixtures due to the water content



ot L

Figure 3:3  Capacitance Cell

/ ®L BA Threaded

1
; t— 04 BA Threaded
1 1
1/
Perspex ring 4> ¢
push it '—— [ ;
1 A
4 1 R
S /] /
% ul :
1
y $12 :
g 1
4 1
4 1
i ¢ 1
Yiuds

All dimensions in mm

Material — Brass & Perspex



Table 3.1

19 -

Composition vs Capacitance for n-Butanol/Xylol
mixtures

Sample No. (w/w)% n-Butanol Capacitance pF
Cl 100 49
C2 90 44
C3 80 41
C4 60 34
C5 40 27
Cé6 20 19
C7 10 17
C8 0 17
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Figure 3-4 Graph of Capacitance vs n-Butanol Concentration
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causing a short-circuit. This problem would not be solved
by using a non conducting cell, since this would only measure
the capacitance of the non-conductive material in the

cell. Therefore this method was not progressed any further.

Ultra-Violet Analysis

In the work reported by B.B. Gandhi(ls) the use of an

Ultra-Violet Analyser was investigated in order to determine
the xylol content of any given recovered solvent. It was
not possible to use this method for the other components
due to cross interference of the absorbance peaks. This
work proved successful on laboratory based equipment and
this method was investigated further as an on-line analytical
method. An on-line analyser unit was hired and installed
in the recovered n-butanol stream feeding the butylated resins
plant. The n-butanol line was selected since it would link
up with the work conducted on computer control which
related mainly to n-butylated resins. The following describes

the experimental work carried out on this unit.

Equipment Description

The instrument supplied by Telsec Process Analysers consisted
of two separate rack mohntable units, these were the
Optical Unit and the Electronics Unit. Both these units
were sealed and could be purged with air where the require-
ment was for an installation in an area where a flammable

atmosphere could be present, termed Zone 1.
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Optical Units

This unit contained the complete optical system for the
analysis of the solvent stream. The wunit operated in the
following way. The spectrum being analysed was in the
Ultra-Violet range and in this case the light source was provided
by a Pen-Ray lamp producing light of a wave length of
285 nm. The light beam was split and passed through a
reference cell and a sample cell. The sample cell for this
application had a path length of 1 mm and was supplied
continuously from the wet solvent stream via a %" sample
line. The two beams were chopped by a rotating disc which
allowed the detector to relate the absorbtion of the measuring
cell and the reference cell before sending a signal via the

pre-amplifier to the Electronics Unit.

Electronics Unit

The Electronics Unit could comprise of up to four plug-in
modules. In this system three were used, consisting of
the Power Supply Module, the Amplifier Module which
contained the zero and span control and the Display Module.
The output was presented on a 0 - 20 mA meter. This
unit could be purged, the need for this depending on its
location, which could be up to 100 metres from the Optical

Unit.

A diagramatic outline of the units described above is given

in Figure 3.5.

Installation and Calibration

The Optical and Electronics Units were located on the
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outer wall of the Tank Farm which contained the recovered
solvent tanks. This location was chosen because a sampling
point was already available on the discharge side of the
wet n-butanol pump. As well as this, the sample return
could go back to the wet solvent tank, thus alleviating
the need for an alternative method of returning the sample
to the process stream. Both the units were housed in

the wooden cabinet, and each was purged, because of the

units' location next to the Tank Farm. The power for
the instruments was supplied via an armoured cable. The
4 - 20 mA output signal from the electronics unit, which

was related to the xylol composition of the wet solvent
stream, was sent to the control panel in the Butylated Resins

Plant.

Here the signal was converted to a 2-10 V output by placing
a 50052 resistance in parallel with the current output. This
voltage signal was then transmitted to the SEED 19 micro-
computer, previously described in Chapter 2, where it was
converted into a digital value. This value was then used
to calculate the xylol composition of the wet n-butanol
stream using the Lagrange Interpolation Formulae, Appendix
4, since the relationship between the instrument output and

xylol composition is non-linear.

The analyser was pre-calibrated by the suppliers for the
required xylol composition range. These settings and
calibration values are given in Appendix 4 and the
instrument was set up as indicated. The calibration work
required in-situ was to the analogue signal being fed to

the computer. This required that currents in the 4-20mA
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range be sent along the communication line to the control
panel for conversion into a voltage which is then further
converted by the SEED 19 to a digital value. This produced
a calibration curve of current supplied versus digital value,

Appendix 4, and could be related to the xylol composition.

Table 3.2 Results of Analyser Trials

SAMPLE NO * XYLOL COMPOSITION WT%
GLC ULTRA
VIOLET
Uv 1 14.8 13.7
uv 2 14.6 13.0
UM 3 15.4 14.8
UV 4 16.5 15.1
Uv 5 17.2 17.6
Uv 6 19.9 20.0 +
uv 7 22.0 20.0 *
* For complete analysis of each sample refer to Appendix 4
+ Analyser output reading over full scale deflection

Practical Problems

Initially several problems were encountered during the

installation of the analyser unit due to the confusion over



3.5.6

its Zone Classification. At first the unit was to be housed
in the pump room on the tank farm, hence providing a
short sampling lag time. This was not possible due to the
classification problem and the unit was eventually located
on the exterior wall of the tank farm in a purged cabinet,
the sampling lag time was therefore increased but did not
appear to have any significant effect on the values obtained
during any charging operation. A problem was also
encountered with the signal being transmitted to the SEED
microcomputer from the analyser unit, which resulted in a
maximum output being registered on the computer at only
about three quarters of the maximum xylol content. This
was caused by a resistance in the link due to the routing
of the signal through several control panels. The problem
was eventually rectified and the output signal from the
analyser was calibrated with the digital values produced by

the computer.

Discussion

The trials carried out using the analyser showed that the
xylol content could be determined accurately taking into
account the system error of the U-V analyser of 0.4 Wt%
in the xylol composition and the error in the independant
analysis using Gas-liquid Chromatography of * 05 Wt%.
The accuracy and reproducibility would be improved by
a much more rigorous initial calibration period, which was
not available during the trials. Overall continuous
analysis of the Wet n-butanol stream has shown that the

xylol content varied between 14 - 18 Wt % with only
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occasional movement outside of this range. Towards the
end of the hire period the analyser was found to be gener-
ating a maximum output for the xylol composition. This
was initially thought to have been a fault in the system
but subsequent analysis has shown that the xylol content
of the stream was greater than 20Wt% on these occasions.
This was due to a change in the resin being manufactured
which in turn produced vacuum stripped solvents with
higher than normal xylol contents. These results would
5uggest that the operating range for the instrument should

now be calibrated as 5 - 25 Wt%.

The use of the Lagrange Interpolation formula by the
computer software to determine the xylol content from
the input signal, operated well and had the advantage
that it could interpolate between known values rather than
linearising the calibration date, which would then introduce

an error into the evaluation of the xylol content.

Conclusion

From the trials carried out it was concluded that the use
of an in-line U-V analyser provided a method of determining
the xylol content in a wet solvent stream, provided that
a rigorous calibration procedure was followed and that
the maximum and minimum limits for the xylol content
were known. These should be taken as 5% and 25%

respectively.

Density Measurement

The use of an Ultra-Violet Analyser unit can only determine



the xylol composition in the wet solvent stream. The
mixture comprises of three components and an additional
method was required to fully determine the composition
of the wet solvent. The measurement of its density
was considered to be a suitable parameter which could

be used for this determination.

Two methods could be used to determine the streams
overall composition. A series of calibration curves
could be obtained for solutions with a fixed xylol content
but varying butanol and water ratios and so for any known
density and xylol content the two other components could
be determined. Alternatively, for this work it was
assumed that the relationship between the density and
composition was linear. This meant that the composition
of the stream could be calculated by a computer using

the density and xylol content data.

The measurement of the solvents density meant that
the mass of the wet solvent charged to the reactor could
be determined, since this solvent is normally metered
volumetrically to the reactors. This gave the mass
of each component charged to the reactor, the most
important of these being the water, which was used to
determine the mass of aqueous distillate which was

required to be removed during the reaction.

To test the accuracy of an on-line density measuring
instrument, a DPR 417Y unit was borrowed from Stanton
Redcroft for an evaluation period. It was originally
planned that trials would be carried out in conjunction

with the U-V analyser. Unfortunately due to installation
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difficulties this was not possible. Hence, separate trials
were carried out to evaluate the accuracy and reproduc-
ibility of the density instrument. In order to check
the instrument accuracy an off-line laboratory density
meter, Anton-Paar DMA46, was used. This produced

a density value accurate to 4 decimal places.

Equipment Description

The measuring system obtained from Stanton-Redcroft
consisted of two pieces of equipment, the Measuring Cell

and the Electronic Evaluation Unit.

The liquid sample was passed through a U-shaped oscillator
tube, in this case constructed of stainless steel. The
tube was electronically excited at its natural frequency.
This frequency was therefore not only a function of the
tube's mechanical properties but also of the density of
the fluid filling the unit, hence a linear relationship was
produced over specified density ranges between the
frequency of oscillation and the fluid density. The unit
borrowed was housed in an explosion proof casing allowing
it to be located in Zone 1 areas. It also came equipped
with a mechanical temperature compensator, which involved
subjecting the U-tube to a tensioning force depending

on the coefficient of expansion of the fluid involved.

Electronic Evaluation Unit

The advantage of this unit was that it could be assembled
in a modular form allowing for various options to be

included in the interpretation and output of the signals
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received. This particular unit was equipped with the
following modules. = Power Supply 220/110/24 V, Processor,
Twin Wire Receiver, Quartz Time Base, Indicator Module,
Signal Interface set for analogue outputs of 0-10V. The
unit, due to the electronics contained within the modules
was not intrinsically safe, but when provided with trans-
mission wires of a low resistance could drive the measuring

cell from up to 2 km away.

Calibration

The instrument was calibrated before being located on
the plant, in the following manner. Several samples of
wet solvent of a known composition and density were
used for calibration purposes. These samples were
individually placed in the Measuring Cell and the system
constants were adjusted to give a suitably sensitive and
accurate frequency range for the compositions under
investigation. Having obtained suitable system constants
the next step was to set the temperature compensation
on the U-tube. This was carried out by heating a typical
solvent sample in a beaker and determining its density
at various temperatures over a short temperature range.
This data supplies the co-efficient of thermal expansion
for the fluid, B, and is used to obtain the mechanical
temperature compensation value by multiplying B by the
average sample density from the temperature range
investigated. This value was then set accordingly on
the tension bar fitted to the U-tube and the unit closed

up. The calibration data is included in Appendix 4.
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Installation

The density meter was installed using the same sample
lines and communications links used. fer the UV  Analyser.
The Measuring Cell was therefore mounted on the exterior
wall of the tank farm, whilst the Electronics Unit, which
was not intrinsically safe, was located in the Solvent
Recovery Plant 1 Control Room. The instrument was
supplied with power from the control room and the 0-10V
analogue output from the Electronics Unit, which was
proportional to the fluid density, was connected to a chart
recorder on the SRP 1 control panel to provide a visual

record of the density variation.

Results

The initial trials of the measuring unit indicated that the
resonant frequency of the U-tube and wet solvent was at
the upper end of the pre-calibrated span and it did exceed
this upper limit on one occasion. The span was then
increased to allow for this variation and to enable the
value to be indicated on the chart recorder. Altering
the span setting does not have any effect on the resonant
frequency obtained. It only affects the range over which

the 0-10V output to the chart recorder is applicable.

The temperature compensation for these trials was carried
out over the range 15 - 25°C  with density values being
related to 20°C. Initially to check the reproducibility
of the in-line measured density, sample densities were
checked in the control laboratory using the DMA 46, with

a sample temperature of 25°C. Referring to Table 3.3



Table 3.3 Results of On-line Density Meter Trials

Sample Resonant | Calculated | Measured | Measured
No. Frequency In—Lipe Densiéy Densi&y
(Hz) Density @ 20°C @ 25°C
(g/cc) (g/cc) (g/cc)

D1 255 219 0-8402 0-8374 0-8322
D2 255 356 0-8430 0-8404 0-8352
D3 255 396 08438 0-8397 08347
D4 255 432 0-8445 0-8417 0-8366
D5 255 358 08430 0-8404 08355
D6 255 314 0-8421 0-8393 0-8342
D7 255 164 0-8391 0-8365 0-8312
D8 255 241 0-8407 0-8376 0-8323
D9 255 168 0-8392 0-8365 0-8312
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and Figure 3.6 it can be seen that the density values
produced the same profile, indicating that the in-line unit
was relating the density to a fixed temperature. On
completing the in-line trials the densities of the samples
were again checked, but this time the DMA 46 was re-
set to give a sample temperature of 200C, so that the
accuracy of the measuring unit could be assessed. By
again referring to Figure 3.6 it can be seen that these
values correlate well with those obtained by the in-line
measurement at the same temperature. The error in density
obtained is * 0.003 g/cc which is an error of about * 0.35%
in the density value obtained. The above error obtained
is small but could be reduced further by wusing a more
rigorous calibration to obtain the temperature compensation
value. For these trials this calibration was conducted
using a hand held density meter which only had a 3-decimal
place accuracy. If a DMA 46 or more accurate unit was
used this would provide a 4-decimal place or better accuracy
which would provide a much better temperature compensation
value. It should be pointed out that the mechanical
temperature compensation on the trial wunit has its own
built in inaccuracy since it relies on the tensioning of the
U-tube to the correct value by the -calibrator which
introduces human error into the system. A more advisable
route would be to use a unit which was equipped with
electronic temperature compensation to obtain a more
accurate density value. The temperature range required

for accurate calibration would be -10°C to 30°cC.



3.6.6 Conclusion

3. 7.

It can be concluded that from these trials the accurate
in-line determination of the wet solvent density is feasible,
provided an accurate initial calibration is conducted along
with the instrument being used in conjunction with an
accurate method of providing temperature compensation.
Therefore the use of in-line density measurement together
with xylol analysis would provide a method of determining
the Butanol, Water and Xylol composition in a wet solvent

stream.

On-Line Viscometry

A method of monitoring the viscosity of the reactant mixture
on-line was required in order to help prevent the reactors
contents from gelling due to over polymerisation. The
operational method for determining the viscosity is by an
off-line test which can take up to twenty minutes for a
result. This time delay can mean that the product resin
could, at worst, gel, or be out of specification if the

reaction conditions have been affected.

(4)

Works was carried out by P.A. Freeman using a Bendix
1800 Viscometer on laboratory and pilot plant scale reactors
to monitor the relative viscosity changes throughout the
reaction cycle. This proved successful with the instrument
detecting changes in the resin viscosity at the solvent addition
points and during the acid reaction stage. This instrument

was installed on the production reactor being used for the

investigation work.
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Equipment Description

This instrument consisted of two parts, the electronic and
display module and the sensing head. The instrument
operated on the principle of measuring the damping effect
of the fluid on a reed in the sensing head which was excited
in the longitudinal plane by the electronic unit. The
electronics unit excited the oscillation of the reed, measured
the damped oscillation to a fixed value and then sent another
excitation to the reed. The frequency of excitation is
proportional to the viscosity of the fluid and is displayed

as the product of viscosity and density.

Instrument Installation

The instrument was calibrated using two standard oils
covering the viscosity range of interest. The probe was
then installed in the reactor so that it would be submerged
in the fluid throughout the production cycle. This was
connected by a coaxial cable to the electronics unit located
in a safe area. In order that the output of the instrument
could be monitored by the computer a 4 - 20 mA output
card was installed in the unit and a 50052 resistor connected
in parallel with this to give a 2 - 10 V signal which was
fed to the computer's analogue to digital converter.
A graphics program was written so that the viscosity
data could be presented in a trend display throughout

the reaction cycle.

Discussion of Results

While this instrument was installed in the reactor, during
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the trial period, no useful results were obtained. This
was due to the reed on the sensor assembly breaking off.
The probe head was located in a different orientation
but the reed snapped off again producing no useful feedback

to the computer.

The cause of these failures was thought to be due to
the increased severity of the agitation in the full scale
reactor compared to the pilot scale vessel since all other
factors in terms of materials and reaction conditions were

the same.

Conclusion

It has been shown that the Bendix 1800 Viscometer is
not a robust enough instrument in its present form to
survive the conditions encountered in the full scale
production vessels at BIP, Its wusefullness has been

shown(4’20)

in pilot plant and laboratory trials and if a
suitable method of baffling the agitated fluid could be

found then the instrument may still prove itself, otherwise

further investigation will need to be carried out to
determine alternative methods for in-still viscosity
measurement.

General Discussion and Conclusion

The results of this work show that an on-line system for
determining the composition of the recovered solvent
containing butanol, water and xylol is possible using an
Ultra-Violet Photometer to determine the xylol composition.

This would be used in conjunction with an on-line density



measuring instrument which would provide the means to
determine the butanol and water composition. Both
instruments would be connected to the input devices of
a computer so that their outputs could be accepted and
analysed by the computer and the composition of the
solvent calculated. The degree of accuracy to which
the composition is obtained will depend on two factors.
The first is the accuracy to which the initial calibration
of the instruments is carried out with respect to the
measurement to be made, together with the accuracy
of the conversions carried out on the signal generated.
The second factor is the method by which the computer
software manipulates the two values to give the composition
of the recovered solvent. This can either be through
the use of an approximate linear relationship between
composition and density or the inclusion of a series of
densit_y versus composition curves for differing xylol
contents which would give the water to butanol ratio
in the mixture. The second method would be the
preferred option since it would be more accurate when

dealing with this non ideal mixture.

The use of the above analytical techniques to determine
the recovered solvent composition and then the use of
these values to make appropriate adjustments to the pure
solvent charges to the reactor enables more consistent
production. It also allows the prediction of the amount

of water to be removed during the reaction.

The Bendix 1800 Viscometer has proved not to be reliable

enough for use in a full size production reactor even after
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successful pilot plant trials. It is therefore necessary
to determine whether it is possible to industrially harden
this instrument, or alternatively find a more suitable

instrument.
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4. COMPUTER CONTROL TRIALS AND SOFTWARE

DEVELOPMENT

Introduction

Previous chapters have dealt with the development of
the computer system. The software and hardware were
discussed in Chapter 2 and the on-line instrumentation
in Chapter 3. Both of these are needed to bring about
effective control of the batch production process. This
chapter is concerned with the application of a suitable

control strategy to the full scale production plant.

A first series of trials were carried out to confirm the
general philosophy regarding computer control for the
production of butylated resins. These were carried out
in conjunction with the tests of the on-line Ultra-Violet
Analyser already described in Section 3.5. The trials
were not complete computer control but generated prompts
for control actions at the appropriate points. After
completion of these trials, Digital to Analogue converters
were installed on the computer system and additional
software written to allow the control loop to be closed
by passing signals to the plant and bring about full
computer control of the process. Results are included
which show the effects of signal integrity from certain
plant instruments to the computers analogue to digital

converter.

Computer Aided Plant Trials

These trials were conducted on the full scale production

facility using the software and hardware described in



- 101 -

Chapter 2 and following the operating procedure given
in Appendix 6. Three separate trials were carried out
on types B and C resins using an initial wet charge of
normal butanol as described in Chapter 1. This charge
cannot be made up entirely from wet n-butanol and the
difference was made up with dry n-butanol. These trials
were conducted while the Ultra-Violet Analyser was
installed on the wet n-butanol transfer line and a program
was written to receive and convert the output from the

analyser unit.  This was described in Section 3.7.4.

4.2.1 Objectives

The series of Computer Aided Plant trials were carried
out with the aim of meeting several objectives at the

one time, which are outlined below.

1) The software written for the BBC and SEED micro-
computers was tested to establish that the correct
prompts for manual actions were being generated
at the appropriate times during the process. The
reliability of the software and the hardware over

the length of a production run was also evaluated.

2) The n-butanol, xylol and water compositions of
the wet solvent stream were determined using the
U-V analyser and the DMA 46 density meter.
These values were then used to calculate charge
adjustments and the mass of aqueous distillate to

be removed during each stage of the reaction.

3) The accuracy and consistency of the signals received

by the SEED computer from the plant instrumentation
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and their subsequent conversion to engineering units

by the software was also evaluated.

The results obtained from these trials are given in
Table 4.1 which includes a comparison with predictions
for the water to be removed, using the results of the
on-line analysis techniques, where available, and predictions

(4)

based upon the work of Freeman ', on resin of type A.

Results

For each of the objectives given in Section 4.2.1 for this

series of trials the following results and observations can

be made.

1) The operation of the computer software was
successful.  Appendix 5 contains copies of logsheets
made during these trials. Figure 4.1 gives typical

extracts from the logsheets for key stages in the
process. From these it can be seen that the soft-
ware carried out the appropriate actions and
generated the correct prompts, based on the data
received from the process and analytical instruments.
The three trials carried out demonstrated that the
computer and its peripheral devices were capable
of operating satisfactorily during a complete
production cycle which has a duration of about 24
hours. Since these trials were carried out on
separate occasions they did not test the reliability

of the computer system over longer periods.

2) The on-line Ultra-Violet analyser was only partially
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Figure 4-1 Extract from Logsheet for Computer Aided
Control Trials
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successful in determining the n-butanol, water, xylol
composition of the wet solvent stream during the
computer control trials. The first trial carried
out for a type C batch of resin used the results
from the instrument to accurately predict the weight
of aqueous distillate which was to be removed during
the dehydration and acid reaction stages. The
computer generated the appropriate prompts at

these end points.

During the second and third trials the analyser
indicated a xylol content that was outside the
upper limit set on the unit. This value was
inconsistent with the previously observed composition
range and it was assumed that the analyser was
at fault and an estimated value was used for these
compositions based on previous observations. It
was subsequently determined that the analyser was
operating correctly and the deviation occured due
to a change in the product mix on the production

plant.

There is a deviation between the actual and predicted
weights of aqueous distillate removed during the
dehydration stage. An error in the estimated
value for the wet solvent would account for this
deviation. There is a much larger difference
between actual and predicted values for the aqueous
distillate removed during the acid reaction stage
for the second and third trials. The predicted

value for the water produced during the acid reaction
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stage was based on type A resins, and was used
for types B and C, as the correct value was not
available. Type B resins have a shorter acid

reaction period.

The acquisition of the data and its subsequent
conversion by the software into engineering units
produced values comparable with those displayed
on the main control panel, with the exception of
two instruments. The comparison of values are
reported on the logsheets in Appendix 5. The
reactor temperature value reported was between
1 and 2 degrees centigrade higher on the control
panel compared to the computer display. This was
found to be due to an error in the displayed value
on the control panels chart recorder which did not
affect the computer read out, these values being
derived independantly from a common source.
This was subsequently corrected for the other trials.
The other instrument for which differences were
found was the aqueous distillate weight, which
oscillated on the computer display by %25 kg over
the production range of 100kg to 2500kg. This
oscillation is equivalent to a variation in the
electrical signal received by the analogue to digital
converter of *31 mV on a full range of 4000kg
and an output of 5 Volts. This variability is wholly
explained by the limited precision of the pneumatic

to electrical conversion. This oscillation was
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reduced by the incorporation of a ten point running
average routine into the software. This allowed
a more precise determination of the value of the

aqueous distillate weight.

4.2.3 Conclusions

4.3

The computer aided control trials proved successful in
meeting the objectives and demonstrating the reliability
of the computer system. The software which had been
written was shown to be reliable enough to be used in
the development of a closed loop control system in
conjunction with the installed control equipment. It
was shown to be important to have a method of
determining the wet solvent composition accurately so
that the aqueous distillate to be removed could be
calculated for each stage of the reaction. It is also
necessary to know the extent of acid reaction for each
particular resin. Finally it was shown that the integrity
of the signals received and converted by the computer,
except for the Aqueous Distillate Tank Weight, was
sufficient to provide accurate control information for
the process. Steps were taken to improve the accuracy
and precision of measurements where discrepancies were

detected.

Digital to Analogue Converters

In order to close the control loop, a means was required
for sending the desired controller set point value from
the computer to the plant instrument. This was achieved

by installing two dual 8-bit digital to analogue converters
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on the SEED microcomputer. The configuration
arrangements are given in Appendix 8. This allowed
for a digital value, proportional to the required set point,
in the range 0-255 to be sent from the computer software
to the converter from which a proportional 0-10 V signal
was generated to drive each instrument's set point. This

is shown more clearly by Figure 4.2.

Figure 4.2 Digital to Analogue Converter Operation
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In addition to the installation of this hardware, device
drivers and descriptors were added to the operating system
and user written procedures called these to gain access
to the new hardware. The calibration procedure for
these converters was similar to that for the analogue
to digital converters described in Chapter 2, except in
this case the digital value was generated by the computer
and the response of the controllers' set point was noted.
The installed converters had the capability of interfacing
with four plant controllers. On this facility only three
were required. Table 4.2 gives the controllers used with

their ranges and the conversions used.

Table 4.2 Reactor Controllers with Ranges and Conversion Factors
Conversion Factors

Controller | Range Units M @

f:’,team 0-4 barg 0-01569 | -

ressure

Vacuum 0 -1000 mm Hg 0:255 -

Column o

Top Temp | 55 - 105 & 01961 55

The conversion factors give the linear relationship between
the digital value and the engineering value, the equation
is of the form E = mD + C, where E is the engineering
value and D is the digital value. It is important to
note that the digital value takes only the integer

values 0 - 255.
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Additional Control Procedure

To make use of the signal to the plant controllers some
additional software modules were required which were added
to the software packages already written. The Spec 200
Set Point Controllers have their own in-built 3 - term control
algorithims and so a loop control program did not require
to be written into the extra software, which needed only
to provide a set point - Figure 4.3, 4.4 and 4.5 show how
these additional procedures and their flag files linked into
the software structure. Each of the procedures and their

function is now described.

Procedure Steamset

This procedure was used to adjust the steam pressure applied
to the jacket and coils of the reaction vessel during the
reaction. The required steam pressure was taken from the
flag file 'steamon' as a digital value. The digital values
were determined from the standard processing conditions
for each stage in the reaction. This value was then set
to the digital to analogue converter which output the
appropriate voltage to drive the supervisory controllers set
point to the desired position. This procedure periodically
scanned the flag file at one minute intervals to detect if

a change in steam pressure was required.

Procedure Coltop

This procedure was similar in operation to 'steamset' except

that it obtained a value from the flag file 'columnt'.
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Procedure/Flag_File Interaction for Logging_and

Display_Package

Figure 43
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Figure 4-4 Procedure/Flag_File Interaction for Monitoring_and

Control Package
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Procedure /Flag File Infteraction for Monitoring_and

Control Package (cont)

_Figure 45
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The digital values were again determined from the standard
processing conditions. The value obtained was then used
to adjust the supervisory set-point on the column top
temperature 3 - term controller to the desired value at

that particular time.

Procedure Vac Strip

This procedure operated only during vacuum stripping.
The purpose of this procedure was to control the removal
rate of the wet solvent at reaction temperature by
controlling the vacuum. It also controlled the total
volume removed. The basis for this procedure was provided
by trials carried out at BIP“Q) on vacuum stripping the
wet solvent under manual control at the reaction
temperatures on a full scale plant. This work generated
a set of time versus vacuum steps which were used by
the procedure. @ The data was stored in a data file which
was accessed by the procedure and the information used
to send a series of values to the digital analogue converter.
This increased the vacuum in steps over a period of time.
While the vacuum was being increased, the procedure
monitored the distillate temperature and wet solvent
flowrate. The control action was that if these were
found to drop then the steam was switched on at a low
pressure, and therefore flow, to bring the distillate
temperature and flowrate back up. If the distillate
temperature increased above a certain value, then the

vacuum was held, delaying the next step until the temper-
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ature fell back into the required range.

This procedure operated until the required amount of wet
solvent was removed. The use of this procedure will
save time and energy vacuum stripping the resin since
it will not require to be cooled down and then re-heated

during this process.

Appendix 7 gives a table of the steps of time and vacuum

for the vacuum stripping stage.

Computer Control - Plant Trials

The trials were carried out in two stages. The first
was to test and debug the software including the new
control procedures in a real time environment. The
second stage was to conduct full control trials to verify
the control strategy and computer system in production

situations.

Software Testing and Debugging

A series of proving trials were carried out on batches
of resin being manufactured on the test reactor. These
trials provided similar temperatures and aqueous distillate
weights to those of the resin family being investigated.
Throughout these trials the set point controllers were
set to local, which meant that the plant operators were
in control. This did not affect the adjustment of the
remote set point values by the computer and these were

observed throughout the production cycle to check that
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the computer was taking the correct action at the desired
points, but without the signal being used to control the
plant. The local control loops were observed to be well

tuned and responded to manual changes in set points.

During these trials several minor errors were detected
in the software at various stages in the production cycle.
These were easily corrected. One major problem found
at this stage concerned a conflict between procedures
during disc accessing operations to read flag files. This
was progressively resolved by re-setting program priorities
on the less critical procedures and this reduced the

frequency with which the discs were accessed.

Once these problems had been corrected a final test was
carried out which proved that the software and hardware
operated correctly at the various desired points in the

production cycle.

Computer Control Trials

The next stage after completing the software trials was
to carry out a series of full computer control trials.
To prove the system, two trials were conducted on the
reactor system using dry butanol batch charges for the
resin family under investigation. This simplified the

problem of water analysis.

The first trial was carried out on a type C resin. The

set point controllers were set to remote so that the
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computer was controlling the plant on-line. Once material
charging was completed and acknowledged the computer
proceeded to monitor the reaction and make adjustments
to the set points, whenever these were required during
the reaction. The local loops tracked these changes
correctly. The actions taken by the software were all
correct based on the values received through the analogue
to digital converter and the program logic. One problem
occured during the acid reaction stage of the process
in which spurious electrical noise affected the aqueous
tank weight value, due to the signal passing through an
industrial area of high electrical noise. The software
interpreted this as a genuine signal, and assumed that
the end of this stage had been achieved, and initiated
the shutdown procedures needed prior to vacuum stripping.
The fault of such erroneous input had not been

previously experienced.

The cause of this signal noise was found to have been
a bad earth connection on the cable shielding. This
was rectified and tested before the second trial. The
software was also modified to incorporate a routine to
detect any spurious peaks in the digital value from this
instrument and smooth the value. The software for this

is given in the appropriate sections of Appendix 3.

The second trial was carried out on a type B resin.
The process proceeded correctly and the software operated
successfully all the way through to the end of the acid
reaction stage which marked the successful completion

of the production cycle. This was in contrast to the
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previous trial which failed after the dehydration stage. Log-
sheets for these two trials are given in Appendix 5 and extracts

are given in Figure 4.6

The vacuum stripping of the resin under computer control
was not carried out during these trials due to a failure of
the distillate temperature recorder. The value from this
instrument was required to prevent boil over occurring in the
reactor and therefore no trials on this could be conducted

while this was out of commission.

Discussion of Computer Control Trials

A series of control trials have been carried out using the
computer system in conjunction with analyser units. These
have shown that the control parameters which have been ident-
ified can be used to determine the end points at various stages
in the production cycle. For this the computer must receive
information in an accurate and repeatable form from the plant
instruments and analysers. The importance of accuracy and
reliability of this information was shown on three occasions
during these trials. The first case concerned the accuracy
of the aqueous distillate weight being received by the computer.
The value eventually received by the software had passed
through two conversions, pneumatic to electrical and then
electrical to digital.  Smoothing routines based on a ten point
running average were installed in the software to improve
the precision of this value. This could not eliminate the
problem of an inaccurate value due to earthing failure. This

was overcome by further logical analysis of the digital value
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Figure 46 Extracts from Logsheet for Computer Confrol
Trial
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within the software. It would have been preferable to have
information which was both precise and accurate.  This could
be achieved with a sensor which was electrically based, gener-
ating either a direct or digital signal or a voltage value, and

connected to the computer.

The other two instances concerned the robustness of plant
instruments and in particular concerned the Bendix 1800
Viscometer, Section 3.10, and the distillate temperature
recorder. In both cases certain operations were unable to
be carried out because of the failure of these instruments
to perform to requirements. In the case of the viscometer,
it was intended that this would be used to provide a trend
display available throughout the production cycle so that any
sudden rise in viscosity could be detected. Although not
a control parameter, it would have provided a safety feedback
to the operator and allowed for manual testing to be

eliminated.

The failure of the distillate temperature recorder prevented
the final stage of the resin adjustment from being carried
out under computer control. This would have been based
on the series of stepwise reductions in vacuum previously

determined manually.

All three cases have shown the need for instruments not
only to be reliable but also to be in a form in which the
instrument can be easily interfaced to external sources so
that it sends an accurate and precise value to the computers'
input devices. Precision can be lost passing through a series

of conversions.
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Conclusion of Computer Trials

It can be concluded from this series of computer control
trials that the production of butylated melamine
formaldehyde resins can be controlled by a computer using
the parameters of temperature, time and mass of aqueous
distillate removed. For this it is necessary that the
data from the relevant plant instruments should be reliable
accurate and reproducible. The trials have also shown
the need for instruments which are to be installed in

a reactor be of a suitably robust nature.
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5. GENERAL DISCUSSION AND CONCLUSION

General Discussion

The work reported in this thesis covers the analysis of
recovered solvents and process control of a resin production
plant. These provide insights for the development of
a comprehensive strategy for control of the production
of synthetic resins. @ A possible strategy and the benefits

of introducing it are discussed in detail in this chapter.

Recovered Solvent Analysis

In Chapter 3 several methods were investigated for carrying
out the on-line analysis of the recovered solvents. The
most practical methods were determined to be a dual
system comprising of an Ultra-Violet Analyser and a Density
Measuring Unit. The installation of this system would
provide the basis for the implementation of an accurate
computer and process control strategy. These instruments
were demonstrated to function correctly, but were not

available during the process control investigation.

Process Control

The trials conducted on the plant have shown that monitor-
ing the parameters of time, reactor temperature and
mass of aqueous distillate removed from the system
provides a means of accurately controlling the overall
reaction to the desired end point. For this it is necessary
to know the mass of aqueous distillate to be removed. This

can be either by the use of pure solvent charges or using
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an accurate method for determining the recovered solvent
composition, as described in Chapter 3. In the use of
the above parameters, it has been found that the most
important factor is the reliability and accuracy of the

instruments used.

The next requirement is to transfer these values to the
computer. This was carried out via an analogue to digital
converter by the computer system installed on the plant.
The converted value for the aqueous distillate mass became
imprecise due to the series of conversions that the value
passed through, with a high precision analogue to digital
converter sampling a lower precision pneumatic to
electrical converter. To eliminate this, instruments should
be selected which generate an electrical analogue signal
which can easily be converted by the computer into a
digital signal. A better method would be to use an
instrument which generated a digital signal which can
be sent directly to the computer, therefore eliminating

any conversion errors.

Once this information was received by the computer in
a usable form it was required to be stored on floppy discs
which had associated problems of accessing time. This
could be improved or eliminated by using other technology
for data storage such as hard discs or a Virtual RAM
driver which allows a portion of the systems memory

to be used as a disc drive.

The processing of control information by the software
was required in time for control action to be taken.

It was necessary to pay attention to the scheduling of
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the procedures due to the time sharing of the central
processor by the operating system, to ensure correct action.
It is important that the operating system chosen allows
these priorities to be changed while the control system
is commissioned and tested. Higher capacity could be
obtained by the application of additional hardware such
as a second processor to handle the input and output
operations for the computer. This along with the use
of more sophisticated software would also improve the
work load of the processor within the OS-9 multi-tasking
operating system. Undoubtedly, advances in available
computer hardware mean that a more powerful system

for these tasks could easily be assembled.

The presentation of the processed information was made
to the operator through a second computer running a
graphics program. This did not allow for the effective
interaction between the graphics displays and the main
monitoring and control software on the SEED computer.
A more effective configuration would have been a system
which supported its own graphics, eliminating the need
for a dual terminal system. Again with the advances
in computer graphics displays, a suitable system could

be found and installed.

Software

The use of a modular format for the control software
proved to be flexible and allowed for the progresseive
development of the control strategy. As new instrument-

ation and computer hardware was installed, software could
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be written and operated by the system so that it could
be finely tuned without affecting the procedures already

in operation.

The software written for use with this system required
a degree of operator interaction to inform the software
when certain actions had been taken such as materials
charging, the switching on of heating or cooling, or the
results of solvent analysis. In a more fully automated
system these actions would be taken and monitored by
the computer with the operator being notified of these
through a suitable output device. The operator would
be notified of any actions required should an unusual

condition or emergency occur.

System Outline

The work discussed in this thesis is best illustrated by
Figure 5.1 which shows in general terms the essential
requirements for bringing about computer control for the
production of synthetic resins. This requires the analysis
of the recovered solvents being fed to the reactor so
that the quantitites of extra water and xylol being added
are known. Another requirement is the monitoring of
the key control parameters of reactor temperatures and
mass of aqueous distillate with reaction time. There
is also a need to monitor the product viscosity in order
to prevent over condensation. This requires a more
dependable instrument than that currently evaluated
becoming available. As well as these requirements, in

order to make the system more automated it is necessary
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for the computer to operate valve actuators and receive
feedback from proximity switches indicating the valve pos-
ition. This would mean a larger input capacity on the
computer system than that installed for the trials. It e_llso
means that the instrumentation available on the plant must
be upgraded to meet the more stringent demands which
would be made by overall computer control of this process.
This is in order for the computer software to base its
control actions on precise information received from the

plant sensors.

Computer Control Benefits

The benefits of computer control can be summarised by
the following; the implementation of a control system
would lead to an improvement in the consistency of the
resins produced, reducing the batch quality variations by
accurately determining the reaction end points using the
new control parameters. Currently resin batches fall outside
the specification range, which then requires a rework
procedure to be carried out. The estimated benefits can
be up to 10% of the production costs if the need for rework
is reduced or removed altogether. The use of a computer
system removes the need for offline sampling and testing
which requires a degree of subjective judgement in deter-
mining the results by the testers and causes delays. It
would allow for more frequent monitoring of plant instruments
in order to detect any variations which may affect the final
product, essentially the control of the process will be more

definitive. There would also be the facility for providing
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more management information especially in the cases where

abnormal conditions arise during processing.

Conclusions and Recommendations for Further Work

1)

2)

3)

The measurement of the parameters; reactor temper-
ature, mass of aqueous distillate removal and time
have been shown to be a practical means of deter-
mining the end points in the reactions which produce

butylated resins on a full scale production facility.

The use of a computer system to monitor and control
the production of synthetic resins using the new control
parameters has been proved to be practical by the
use of an experimental system. A suitable Computer
Control System could be installed on the batch reactors
using these control parameters to monitor the process.
The implementation should be decided on the basis

of an economic evaluation.

Two methods have been determined which would give
the butanol, water and xylol mixture compositions
in the recovered solvents. The first is Gas-Liquid
Chromatography which would give a complete break-
down of the solvent streams composition but only
for one sample during the solvent charging operation.
The second method is a dual system comprising of
an Ultra-Violet analyser giving the xylol content of
the stream and operating in conjunction with a density

meter from which the water and butanol compositions
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can be determined. This dual method would provide
a continuous analysis of the solvent stream. Investig-
ations should be continued to determine if there are
any further methods available for determining the
composition of the recovered solvents with a view

to implementation after an economic evaluation.

The Bendix 1800 Viscometer has proved not to be
a durable and reliable instrument when installed
in a full scale production reactor where the agitation
conditions are more severe. Further investigations
and trials should be made using this viscometer to
determine if there are any means by which it can
be made more robust and reliable. Alternatively, other
methods for determining the product viscosity in the

reactor should be investigated.

Investigations should be made into the possibility of
incorporating a mathematical model into the control
system in order to provide an on-going check against
the ideal conditions for a particular stage in the
reaction. This will depend upon other work to under-

stand the reaction mechanisms more exactly.
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APPENDIX 1

The Teaching Company Scheme
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TEACHING COMPANY SCHEME

This Scheme aims to link Universities and Polytechnics with
manufacturing industry in order to raise industrial performance and
use academic knowledge and capacity more effectively. Advanced
technology developed in Universities can be used to improve manuf-
acturing and industry methods. Selected able graduates can be
trained for industrial careers. Existing company and academic staff
can be re-trained and their skills refreshed by personal contact with
the academics. Conversely. academic staff gain by the direct
association with industry finding ideas for research and an updated

background for their teaching.

The Scheme operates through Teaching Company Programmes in which
a University or Polytechnic participates with an Industrial Company
in an individually structured programme. The company management
should be committed to change and welcome academic collaboration

in all technical and management activities at all levels.

The permanent academic staff joining the Scheme are assisted by
high calibre graduates recruited in consultation with the company
for two year appointments as Teaching Company Associates. The
associates are normally based full time with the company and work
in collaboration with company and academic staff on tasks within
the programme, The University or Polytechnic arranges induction
and continuing tuition courses according to personal and Programme
needs. Associate appointments may lead to higher degrees but the
main aim 1is that they should lead to posts in industry with

substantial responsibility and reward.
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The Schemes are funded partly by the Science and Engineering
Research Council and the Department of Trade and Industry and
partly by the industrial partner. Further support may be available

through other DTI and SERC channels.

The benefits of the Scheme to the various parties involved are as

follows :-

The Associates will learn by experience during their work with senior
academic and industrial staff on real commercial tasks. This prolonged
industrial experience will hopefully lead to improvements in the
company's operations and to a greater confidence in the performance
of the Associate. This will often allow the company to delegate
a far greater responsibility with all the concurrent benefits to a

future industrial career.

The Company benefits from the Academics' and Associates'
contribution in applying advanced technology to its operational problems

and from the recruitment of able Teaching Company Associates.

Finally, the Universities and Polytechnics can extend their research
and post-graduate and post-experience teaching beyond the classroom
and laboratory to operating companies with manufacturing facilities.
The Schemes may lead to future consultancies or joint appointment

responsibilities.
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APPENDIX 2

Analogue - Digital Converters - Seed 19 Analogue Inputs

- Instrument Calibration Curves
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SEED ANALOGUE INPUTS

CONNECTOR A 25 Pin Male 'D' Connector

Channel Variable Pin No.

0 Reactor temperature | +ve 1 /P
2 Grd

1 Alcoform Tank Wt 3 +ve [/P
4 Gnd

2 - 5 +ve I/P
6 Gnd

3 Steam Flow 7 +ve [/P
8 Gnd

4 Coil Pressure 9 +ve [/P
10 Grd

@ Wet Solvent Flow 17 +ve I/P
18 Grd

D - 19 +ve I/P
20 Grd

E - 21 +ve /P
22 Grd

F - 23 +ve I/P
24 Grd

+ve I/P - Positive Input

Grd - Ground
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SEED ANALOGUE INPUTS

CONNECTOR B 25 Pin Male 'D' Connector
Channel Variable Pin No.
5 Cooling Water return 11 +ve I/P
Temperature 12 Grd
6 Cooling Water Feed 13 +ve I/P
Temperature 14 Grd
7 Vacuum 15 +ve I/P
16 Grd
8 Column Top 17 +ve I/P
Temperature 18 Grd
9 Distillate Temperature 19 +ve I/P
20 Grd
A Aqueous Distillate 21 +ve I/P
Flow 22 Grd
B Reflux Flow 23 +ve I/P
24 Grd
+ve [/P B Positive Input

Grd - Ground
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Figure A2-1 Calibration Curve for Reactor Temp. °C
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Figure A2-2 Calibration Curve for Cooling Water
Feed Temperature °C
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Eigure A2-3 Calibration Curve for Cooling Water
Return Temperature °C
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Figure A2:4 Lalibration Curve for Column
Top Temperature °C
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Figure A2-5 _Calibration Curve for Distillate Temperature °C
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Figure A2:6 Calibration Curve for Steam Flow
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Figure A2:7  Calibration Curve for Aqueous Distillate Flow
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Fig A2:8 Calibration Curve for Wet Solvent Flow
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Figure A29 Calibration Curve for Reflux Flow
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Figure A210 Calibration Curve for Vacuum
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Figure A2-11 Calibration Curve for Steam Pressure
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Figure A2-12 Calibration Curve for Aqueous Distillate
Tank Weight Kg_
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APPENDIX 3

Software - Flowcharts and Program Listings for the

SEED 19 and BBC Computer
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FIGURE A3.1 Procedure 'begin'
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FROCEDURE begin

FEM #58saists sttt it ittt s s d b s A RS SRR R RS RS AR RS AR R RRE RN

REM *

REM = Procedure ‘"begin’
REM
REM
REM
REM

Frocedure to:

(11) Create processing flag files

* k¥ Kk K K ¥

(i} Select Resin Types and display Recipes

¥ K K K X OE FE K X

R I e T T T L T L L T T

REM Assigning of data types and array dimensioning

DIM forma,melam,acat,afoam,faid,caus: REAL

DIM bumhlt:),buuhEIZ),wbunhit3),wbumhztz).Lbuchl(ji,ibunh?tE!,wibuohi

(3) ywibuoch2(3) (#ylol (3) :REAL

DIM path,prodrecl:BYTE

DIM typebu(Z),ans(l),as(1) :5TRING

DIM typeres(4):STRING

DIM finishl,boill,testdatl,restypel:BYTE
DIM adxylol,adbuchl,adacatl.areacti:BYTE
DIM steamonl,column_onl:BYTE

DIM colval ;stval: INTEGER

OM ERROR GOTOD &5

REM

REM Creation of Flag Files for end point determination and Resin

REM

CREATE £boill,"/dl/boil"

CREATE £aduylol,"/dl/ad:yla"

CREATE fadbuohi,"/d1/adbuch"

CREATE fadacatl,"/dl/adacat"

CREATE £areactl,"/dl/areact"

CREATE £restvpel,"/dl/restype”

REM

REM Creation and i1nitialisation of Controller Set
REM

stval=0

CREATE £steamonl,"/dl/steamon"

OFEN £steamonl,"/dl/steamon”

WRITE £steamonl,stval

CLOSE fsteamonl

colval =0

CREATE £column_oni,"/di/columnt"

OFEN f£column_onl,"/dl/columnt”

WRITE £column_onl,colval

CLOSE Ecolumn_onl

REM

REM Loading and Operation of Set Foint Controller
REM

SHELL "steamset"

SHELL "coltop%"

PRINT "Procedure startuup has begun"

FRINT

REM Selection of Resin Type to be produced
REM

Foint Files

Frocedures

Tvpe selection



S T (R

FRINT "wWhich resin type i1s toc be made, enter below”

FPRIMNT

S INFUT "RESIN TYFE BE-",typeres (&)

FRINT

FRINT "Do you wish to change this value, enter y(yes), mino)"
PRINT

INFUT "Answer is =",ans(1)

IF ansil)="y" THEN S

PRINT

FRINT

REM

REM Retrisval of selected resin data form disc files
REM

10 OFEN Epath,"/d1l/"+typeres (&)

READ E£path,forma,urea,melam,acat,afoam,faid,caus
BASE 1

FOR i<l TO 3

READ £path,buchl (i} ,buch2(1) ,ibuchi(1),ibuch2(i) ,styvlal (i)
NEXT 1

FOR i=f TO 2

READ £path,wbuohl (i} ,wbuoh2(1) ,wibuchl (1) ,wibuch2(1)
NEXT 1

READ E£path,reactwat,dehwat

CLOSE £path

REM

REM Table of resin data on YDU

REM

FRINT "The standard charges for resin ":; typeres(&s); " are as follows :—"
PRINT

IF melam=0 THEM 20

FRINT TAE(18); "Melamine"; TAB(I1); melams " kg"

FRINT

IF urea=0 THEN 25

=20 PRINT TAB(18); "Urea":; TAB(31); urea; " kg"

FRINT

2w PRINT TAB(18); “Formalin'"s TAB(I1Y: forma: " litres"

FRINT

FRINT "Raw Materials"; TAB(2S): "DRY": TAR(42): "WET": TABI(SF):; "ALL WET"
PRINT "= e i S o o e i

IF buohl(1)=0 THEN 2&

FRINT "n-Butanol (1)": TAB{25); buohl(i); TAB(42) 3 buohl(2); TAB(

60) 3 buchl (3}
FRINT
FRINT "n-Butanel(2)"; TAB(2S); buch2(1); TAB(42); buchZ(2): TAB(

&0) 1 buoh2 (3}

FRIMNT

IF ibuohi(1)=0 THEN 27

FRINT

26 PRINT "Iso-Butanol (1)"3; TAB(2S); ibuchi(1)s; TAB(42):; ibuchl(2

)i TAB(&G) 3 ibuochl (3)
PRINT
FRINT "Iso-Butanol (2)"; TAB(25): i1buochZ(1); TAB(42); ibuch2(2); TAB

(&0) 5 1bush2(3)
FRINT
27 PRINT "Wet n-Butanol (1)"; TAE(42); wbuohil (1}3; TAB(40)3; wbuohl
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{2}
FRINT
FRINT "Wet n-Butanol (2)"; TAB(42); wbuoh2il); TAB(&D); wbuohZ{(2)

PRINT

IF ibuohi(1)=0 THEN 28

PRINT "Wet Iso-Butanol(1)'"; TAB(42)3; wibuchil(1); TAB(SD); wibuohl
(2)

PRINT

PRINT "Wet Iso-Butanol (2)"; TAB(42); wibuoch2(1); TAB(&U); wibuohZ

(2)
PRINT
28 PRINT "Xylol": TRB(23): =ylol(ll; TAB(42); xylaol(d); TAB(SO); xylol

(3)
PRINT * -

PRINT TAE(18); "Acid Catalyst"; TAB(44); acat; " 1"

FRINT

FPRINT TAB(18); "Antifoam soln":; TAB(4&)3 afoam: " 1"
PRINT

FRINT TABi(18}: "Caustic Soda soln"i TAB(4&6); caus; " ml"
FRINT

PRINT TAB(18); "J100 Filter Aid"; TAB(4&); faid; " kg"
PRINT TAB(18); " oL
REM

REM Selection of Wet or Dry batch of resin

REM

FRINT "Is this to be a wet, dry or all wet butanol type resin"’

PRINT

FPRINT "Enter wiwet), didry), zwlall wet) below"

PRINT

S0 INPUT "Answer is - ",typebul(l)

FRINT

PRINT "Do vou wish to change this answer"

PRINT

FRINT "Enter yives),n(noc)"

FRINT

REM

REM Creation of file containing the specific Raw Material reguirements
REM for the Resin and batch type chosen

REM

CREATE £prodrecl,"/di/prodrec"
INFUT "Answer is - ",as(l}

IF as(1)="y" THEN SO

REM

REM File for 'Dry’ batch charge
REM

55 IF typebu(2)="d" THEN
OFEN £prodrecl,"/dl/praodrec"”
WRITE £prodrecl,forma,urea,melam,acat,afoam,faid,caus,buohl i), buch2

(1) ;ibuohl (1) ,ibuch2(1) ,uylol (1) ,reactwat ,dehwat
CLOSE Eprodrect

ENDIF

REM



AEM File for ‘Wet®' batch charge
IF typebul(2)="w" THEN

OFEN £prodreci,"/dl/prodrec”
WRITE fprodrecl,forma,urea,melam,acat,afoam,faid,caus,buohl (2),buah2

(2) ywbuohl (2) ;wbuoh2(2) yibuohl (23 ,ibush2(2) ywibuchl (1) ,wibuch2(2)

oiylol (2) yreactwat ,dehwat

CLOSE £prodrect

ENDIF

GGTO 70

REM

REM Error trap

REM

&8 errnum=ERR

IF errnum=218 THEN

SHELL "slegp &0

ENDIF

GOTO 55

REM

REM Initialisation of file with selected batch type
REM

70 DFEN frestypel,"/dl/restype"
WRITE £restypel,typebull)

CLOSE £frestype!l

END
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FIGURE A3.2 Procedure 'wet'
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FROCEDURE wet
FEM Mt s sttt r s r s b N r AR R A A L R RS F R AR SRR R R R R R CEFER R RS
REM =

-
REM #* Frocedure ‘wet’ *
REM # ! *
REM # Frocedure to: *
REM # *
REM =+ (1) Display and request material additions for a -
REM = ‘'wet’ batch of resin *
REM * *
REM = {i1) Calculate mass of water to be removed during -
REM # Dehydration and Acid Reaction Stages -
REM = -

FIEM e f bt d s b s s b bR h bbb SN h b b r NN R R R R R SRS BRSNS R N n Nl ehs
REM

REM

REM

REM fssignment of data types and array dimensions

REM

OIM prodrecl,adjustl,resdatl,finishl,restypel,steamonl,adl,pl:BYTE
DIM typr,typebu(2) ,ctime(d) ,,ans(1):STRING

DIM resin(&) ;batch(8) ,shift(2):3TRING

DIM stval ,chan,dat: INTEGER

REM

REM Accessing of File to determine which batch type is to be

REM manufactured

HEM

JFEN frestypel,"/dl/restype”

READ £restypel,typebu(l)

CLOSE Erestypel

IF typebu(Z)="d" THEN 7O

REM Acguisition of 'wet’ batch data from disc

REM

OFEN Eprodrecl,"/dl/prodrec"”

READ Eprodrecl,forma,urea,melam,acat,afoam,faid,caus,bushl,buch2

ywbuohl ,wbuch2,ibuchl,ibuch2,wibuochl ,wibuch2,xvliol,reactwat .dehwat
CLOSE £prodrecl

REM

REM Entering of information for Logsheet generation

REM

INFUT "Resin Type, BEXXXX - ",resin(é)

FRINT

INFUT "Batch no. - ",batchi4)

FRINT

INEUT 'Shift — "Lghift(2)

1 FRINT "Has charging commenced 7, yi(yes),ni(no!"
INFUT "Answer is - ",ansi(l)

IF ans(1)="y" THEN

ctime(b)=MIDE(DATE#$,10,5)

REM

REM Generation of first section of the logsheet

REM

DPEN £p1,"/p8"sWRITE

FRINT £pl,CHR¥(12)

FRINT £pl,"Resin Type - "3 resini(bl; " Batch no. — "3 batch(4)

o Shift = "3 shitt{2)
PRINT £pil
FRINT £pl
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PRINT £pi
FRINT £ptl,"Charging commenced at - "3 ctime(s)
FRINT £pi1
CLOSE £p1

ENDIF
FRINT "Enter the actual raw material guanties used below'
PRINT

REM

REM Entry of Formalin composition

REM

FPRINT "Standard Formalin charge — "3 TAB(S0);: forma
FRINT

INFUT "Formalin used - ",forma

PRINT

INFUT "Water content of the formalin - ",formw
FRINT

INFUT "Density of the formalin - ",formdens
FRINT

FRINT "Wait while the AD Tank Tare value is calculated”
FRINT

chan=1

taread=.0

REM

FREM Calculation of the A.D. Weigh Tank Tare value
REM

OFPEN £adl,"/anlg"

FOR i1=1 TO 10

PUT £adl,chan

GET £adl,dat

taread=taread+FLOAT (dat!

s1=VAL (MIDF (DATES,16,2))

REFEAT

s=VAL (MIDE(DATEF,146,2))

IF si<s1 THEN

=g+ 50

ENDIF

UNTIL s—-s1>=6

NEXT 1

CLOSE £adil

tare=taread/10#2,004

PRINT

FRINT "Tare value is - "3 tare

REM Calculation of the mass of water charged in the Formalin
REM

torwat=forma*formdens#*formw

IF wibuohl=0 THEN S

REM

REM Entry of raw material quantities charged

REM

SFRINT "Standard Iso-Butanol (1) charge - "3 TARB(S0); ibuchi
PRINT

INFUT "Iso—-Butancl (1) used!,ibuchl

5070 10

PRINT

S FRINT "Standard n—-Butanol (1) charge - ": TAB(S0): buohil
FRINT

INFUT "n-Butamol (1) used - ",buohl

10 PRINT
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INFUT "Anti - foam soln used =",afocam

FRINT

FRIMNT "The pH of the sti1ill contents reguires adjustment to a value between
i

PRINT

FRINT "The standard caustic soln should be used to make this adjustment”
PRINT

INFUT "Caustic soda soln used -~",caus

IF wibuohi=0 THEN 15

FRINT

PRINT "SBtandard Wet Iso-Butarmcl (1) charge - "3 TABI30); wibuohl
FRINT

INFUT "Wet Iso-Butanol (i) usea ~",wibuochi

GOTO 20

1S PRINT

FRINT "Standard Wet n-Butanol (1) charge — "; TAB(S0); wbuohl
FRINT

INPFUT "Wet n-Butanocl (1) used =" wbuohi

20 FRINT

IF melam=0 THEN 25

FRINT "Standard Melamine charge - "i; TAB(S0); melam

FRINT

INFUT "Melamine used -—",melam

FRINT

GOTO IO

28 PRINT "Btandard Urea charge - ": TAB(Z0); urea

PRINT

INFUT "Urea used - ",urea

30 PRINT

REM

REM Entry of the Wet Sclvent composition
REM

.8

PRINT "Enter the percentages of nylol and water Oy weight of the wet solvent”

FRINT

IMPUT "Fercentage of #vylol 1in the wet solvent -
FRINT

INFUT "Percentage of water in the wet solvent -
PRINT

INFUT "Enter the DENSITY of the wet solvent stream
IF wbuohl=0 THEM IS

REM

"yperavlio

JpErwat

REM Calculation of water content of the Wet Sclvent,
REM removed during each stage and thes Butanol (2) adjusted charge

REM

charmass=wbuohl#*dens
wymass=per:ylo*charmass/100
whnass=perwat #*charmass/100
stuymass=415, *,. 861
svlo=i{stuiymass—-uymass) /.861

IF aymass stiymass THEN xylo=.0
ENDIF
totwat=forwat+reactwat+wnass+dehwat+tare
rough=(buchl+buochZ) #,81
buohrem=(totwat-tare)#.08

totbuoch={buchl+buoh2) #.8l+charmass# . l00-perwat—per:

buohleft=totbuoh-buochrem

IF buohleft-rbuoh<0 THEM
buohZ=(rbuoh-buchleft)/.81i+buohl
ENDIF

ibuchZ=.0

" ,dens

the wWater

ploiw. o1

to be
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FEM Display of adjusted charges and water to be remcved masses

"Chargz mass "3 charmass
"Water mass "1 wmass

“Avicl wet solvent Ye uylo
"Total water off "y totwat
"Tatal buoh asdded "3 totbush
"Butano!l (2] charge "4 buohZ

lymass=pernylo*charmass/ 100

winass=parwat stharmass/ 100

stuyinass=s415, #. 841

nvilo=istuymass—uymass) /.861

IF aymasy.styymass THEN dylo=.0

ENDIF

tobwakb=furwat +7 cactwat rwmass+dehwat+tare
rouoh=(ibuohl+ibuohZ) ., 803

Juchrem=totwat-tare)*.08
totsuch=(ibuohl+ibuohZ) #.B0S+chHarmass* (100-perwat -periylo) *.01
buohleft=totbuah-buchrem

IF buchleft-rbuchi0 THEN
ibueh2=(rbugh—-buschleft) /. BOS+ibuch2

ENDIF

buoh2=0

40 PRINT

bvpr="wet"

REM Water to be removed in Thr boil-up

addwater =umass+forwat+dehwat+tare

REM File containing Raw Material adjustments

CREATE £adjustl,"/dl/adjust"

OFEN £adjustl,"/dil/adjust"

WRITE fadjustl,uvlo,ibuah2,buch2,typr,addwater ,totwat
CLOSE f£adjustl

FRINT "Water off during dehydration - "; addwater
FRINT "Water off at end of acid reaction - "3 totwat
KEM File containing Raw Material additions

CREATE £f£resdatl,"/dl/resdat"”

OFEN £resdatl,"/dl/resdat"

WRITE £resdatl,forma,buchl,ibuchl,wbuohl, wibuchl,afocam,melam,urea

sEaUs

CLOSE E£resdatl

FRIMNT "Ta acknowledge charge completion and the turning on off the steam"
FRINT

FRINT "hit any numeric key"

FPRINT

INPUT "Answer is - ",carry

REM

REM fAccessing of flag file to indicate steam switchesd on

REM

stval=1

OFEN f£steamonl,"/dl/steamon'

WRITE E£steamonl,stval

CLDSE fsteamont

REM

REM Frint out on the logsheet all the values which have been
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REM entered and calculated 1n this procedure

REM

CPEM £p1,"/pS":WRITE

PRINT £pl,"Formalin - "; forma; " litres"

FRINT £pl,"Formalin water content - "; formw
FRINT £p1,"'Density of Formalin - "; formdens
FRINT £pi

FRINT £p1,"A.D. Tank Tare Value - "; tare; " kg

PRINT £p1
IF bughl=,0 THEN S0

FRINT £p1,"n—Butanol (1} charged - "3 buohil; " litres"

GO0TO 51

30 PRINT £pl,"lso-Butanol {1} charged - "; ibuohli " litres"

51 IF buphi=.0 THEN 52

FRINT £pl,"Wet n-Butanol (1) charged - ": wbuohl; " litres"

GOTO 53

S22 PRINT £pl,"Wet Iso-Butanol (1) charged = "; wibughi; " litres"

S5 PRINT £pl
IF melam=0 THEN 54

FPRINT £p1

PRINT £pl,"Melamine charged - "3 melam; " KKg"

GOTO 55

54 PRINT £p1 ;

FRINT £pl,"Urea charged - "; ureas; " Kg

S5 PRINT £p1

FRINT £pl,"Water content of the Wet Sclvent - "; perwat; "%"
FRINT £p1,"%¥ylol content of the Wet Solvent - "3 peruylo; "%
PRINT £p1,"Density of Wet Solvent - "; dens: " Kg/M3"

FRINT £p1

FRINT £p1,"Water content of charge - "3 wmass; " kg"

PRINT £p1,"Adjusted Xylol charge - "; xylo: " litres"

FRINT £pt

FRINT £p1,"Total Butanol added - "; totbuchs: " litres”

FRIMT £pl,"Adjusted Butanol (2) charge - "j; buchl; " litres”
FRINT £p1,"Water off during dehydration - "; addwater: " kKg"
FRINT £pl,"Water off during Acid Reacticn - "j; totwat; " Kg"
FRINT £pt

PRINT £pi

PRINT Epi

PRINT £pl

FRINT £pl ,CHR¥(12)

CLOSE €pi

REM J

REM Operation of procedure to initalise all the flag files
REM

SHELL "optiles&"

70 END
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FIGURE A3.3 Procedure 'dry'
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PROCEDURE dry

REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
Dim
DIm
DIM
DIM
DIm
DIM

HEEAREEFAAF AR IR R LRSS R Er AR E R R RRE SRR EREREEE RSttt
FProcedure ‘dry’
Fraocedure to:

t1) Display and reguest material additions for a
‘dry’ batch of resin

{11} Calculate mass of water to be removed during
Dehvdration and Acid Reaction Stages

e T T N T S
£ Kk K K XK F K R K x %

EREEEEEFEEEEEERERERFEEEEREEEEREERREREEEREEEEEX R AR R ELR AR R

Assignment of data types and array dimensions

prodrecl,resdatl,adjustl,fintshl,restypel,steamonl,adl,pl:BYTE
typr,typebu(l) ;ans (1) :STRING

resin(é) ,batch (4) ,shift (2) :STRING

stval ydat ychan: INTEGER

taresad: REAL

ctimei{d) :STRING

Accessing of File to determine which batch type is to be
manufactured

COFEN f£restypel,"/dl/restype"
READ Erestypel, typebull)

CLOS!

E frestypel

IF typebui(Zi="w" THEN 70

REM
REM

Acquisition of ‘dry’ batch data from disc

OFEN £prodrecl,"/dl/prodrec®
READ fprodrecl,forma,urea,melam,acat,afoam,faid,caus,buohl buch2

sibuohl,ibuohl,xylol reactwat ,dehwat
CLOSE fprodrecl

REM

REM Entering of information for Logsheet generation
REM

INFUT “"Resin Type, BEXXXX = ",resin(é&}

FRINT

INFUT "Batch no. - ",batch(4)

PRINT

INPUT "8hift = " . shift(2)

I FPRINT "Has charging commenced 7, y(yes), ninol"
FRINT

INFUT "Answer 1is - ",ans(l)

IF ans{1)="y" THEN
ctime (5)=MID$(DATE$,10,5)

REM
REM
REM

Generation of first section of the logsheet

OFEMN £pl,"/pS":WRITE
PRINT £p1,CHR$(12)
PRINT £pl,"Resin Type - "3 resin(&); " Batch no. - "3 batch(4)
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3 Bhift = “3 shift (2}
PRINT £p1
FRINT £p1
PRINT £p1
FRINT £p1l,"Charging commenced at - ": ctimel&)
FPRINT £pi1
LOSE £pi1
ELBE
GOTO 1
ENDIF

FRINT "Enter the actual raw material guanties used below"
FRINT

REM

REM Entry of Formalin composition

REM

PRINT "Standard Formalin charge -'"3 TAB(SO) s forma
PRINT

INFUT "Formalin used =" forma

FRIMNT

INFUT "Water content of the formalin - ", formw
PRINT

INFUT "“Density of the formalin - ",formdens

REM

REM Calculation of the water added in the Formalin and the total water to
REM be removed during esach stage of the reaction
REM

PRINT

FRINT "Wait while the AD Tare weight is calculated”
FRINT

chan=1

taread=.0

REM

REM Calculation of the A.D. Weigh Tank Tare value
REM

OFEN £adl,"/anlg"

FOR i=1 TO 10

FUT E£adl,chan

GET £adl,dat

taread=taread+FLOAT (dat)

s1=VAL (MIDE(DATEE, 146,2) )

REPEAT

s=VAL (MID$ (DATE®, 15,2))

IF s<s1 THEN

s=s+40

ENDIF

UNTIL s—-s1:=6

MNEXT i

CLOSE £adi
tare=taread/10#2,004

PRINT "Tare value is - "; tare
REM

REM Calculation of water to be removed during each reaction stage
REM

formwat=formw*forma*formdens

totwat=reactwat+formwat+dehwat+tare

addwat=formwat+dehwat+tare

PRINT

REM

REM Entry of raw material guantities charged

REM
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IF i1ibuchil=0 THEN S
FRINT "Standard lsobutancl charge -"3; TAB(S0): ibuohi

FRINT

INPUT "Izo-Butanol (1) used -",ibuohl

GOTO 10

S PRINT

FRINT "Standard n-Butanol charge -"3; TAB(SO); buohl
FRINT

INPUT "n-Butamol used =" ,buochi

10 PRINT

INPUT "&nti-foam soln used -",afcam

PRINT

FRINT "The pH of the still contents should be in the range S5oH0= &, 5"
FPRINT

FEINT "To adjust the pH the standard caustic soln should be used "
FRINT

INFUT "Caustic soda seln used -",caus

IF melam=0 THEN 25

FRINT

PRINT "Standard Melamine charge -"3; TAB(S0): melam
PRINT

INFUT "Melamine used - " ,melam

urea=0

GOTO 30

25 PRINT

PRIMT "Standard Urea charge -"; TRAB(SO): urea’
FRINT

INFUT "Urea used =", urea

melam=0

30 PRINT

typr="dry"

wbuohl=.0

REM

REM Creation of file containing the actual Raw Material usages for generation
REM on a Logsheet

REM

CREATE fresdatl,"/dl/resdat"

OPEN E£resdatl,"/dl/resdat"

WRITE fresdat!,forma,buchl,ibuchl,wbuchl,wibuchl,afcam,melam,ursa

sCaus
CLOSE Eresdatl

REM

REM Creation of a file containing the adjusted pure charges

REM

CREATE £adjiustl,"/di/adjust"

OFEN Eadjustl,"/di/adjust”

WRITE fadjustl,xylol,ibuchZ,buch2,typr,addwat,totwat

CLOSE £adjusti

FRINT

FRINT "Water off during dehydration - "3 addwat

FRINT "Water removed at the end of acid reaction - "3 totwat

PRINT

FRINT

FRINT “To acknowledge charge completion and turn on of steam hit any rumeric key

FRINT
INPUT "Acknowledge - ",carry
REM

REM Accessing flag file to indicate steam switched on
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REM
stval=1
OFEN £steamonl,"/dl/steamon”
WRITE £steamonl,stval
CLOSE £steamaonl
REM
REM Frint out on the logsheet all the values which have been
FEM entered and calculated

REM

OFEN £pl,"/pS":WRITE

PRINT £pl,"Formalin - "3 forma; " litres"

FRINT £pl,"Faormalin water content - "3; formw

FRINT £pl,"Density of Formalin - "3 formdens: “ Kg/mM3"
PRINT £p1

PRINT £p1,"A.D. Tank Tare VYalue - "3 tare; " Kg"

IF buchl=.0 THENM S0

FRINT £p1l,"n-Butanol (1) charged - "3 buchi: " litres"
FRINT £pi1

G507TC 51

S0 PRINT £pl,"Iso-Butanocl (1) charged = "3 ibuohl; " litres"
FRINT €£p1

51 IF melam=.0 THEN 54

FRINT £p1l,"Melamine charged - "3 melam: " kg"

FRINT £p1

GOTO S5

=24 PRINT £p1l,"Urea charged - "3; urea; " Kg"

PRINT £p1i

S8 PRINT £pl,"Water content of charge - "3 formwat; " kKg"
FRINT £p1

FRINT £pl,"Water oftf during dehydration - "3 addwat: " Kg"
FRINT £pl,"Water off during Acid Reaction - "3 totwat: " Kg"
PRINT £p1

FRINT £p1

FPRINT £pt

FRINT £p1

PRINT £p1,CHRF(12)

CLOSE £pt

REM

REM Dperation of procedure to initialise all the flag files
REM

SHELL "opfilesi"

70 END .
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FROCEDURE ocpfiles

REM

REM Procedure to set initial values in process flag files
REM

DIM boill,aduylol,adbuchl,adacatl,areacti:BYTE
tboil=0

buchZa=0

%yl oadd=0

addac=0

areact=0

REM Flag +ile to i1ndicate boiling commenced
OPEN €£hoill,"/di/boil"

WRITE £boill,tboil

ELOSE fboill

REM Flag file for Xylol additicn

OPEN £adxylol,"/di/aduylo"

WRITE faduylol,uvioadd

CLOSE £aduylol

REM Flag file for Butanol (2) addition

OFEN £adbuohl,"/dl/adbuoch"

WRITE £adbuchl,buohZa

CLOSE fadbuohl

REM Flag file for Acid Catalyst addition
OFPEN fadacatl,"/dl/adacat"

WRITE fadacatl,addac

CLOSE fadacatl

REM Flag file to indicate the end of the acid reaction
OFEN fareactl,"/dl/areact”

WRITE fareactl,are=act

CLOSE fareact!

END
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FIGURE A3.5 Procedure 'datalogs'
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FROCEDURE prodat
FEEEEFEFELTREFRFEEREE T L S C R R RS

REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
REM
DIM
DIM
LimM
DIM
DIM
DIM
DIM

REM

*

*
-
*
*
*
*
*

Frocedure to convert Analogue inputs into

Digital values for further conversion to

Ergineering values

Definition of variables and arrays
rtimels) 1STRING

datal,adl,processl fin1shl:BYTE
value (12) ;avad (10) ,b (10) : REAL
allée) sREAL

chan,dat ;i ,datl: INTEGER

start (&) ,stime(s) 1STRING

name: STRINGLZ2]

ON ERRCOR GOTO 15

REM File names for intermediate data storage
QQTR '{1l|'|12n ‘n-sl"n‘}n'usu 'uélv.-r‘;rl ,"8","9""'10"

b=

GOTO

I3 1=i+i

S

5 READ name

& Jk=1

REM

REM Aguiring data from A-D Convertor

REM

OFEN £adi,"/anlg"

BASE

0

FOR chan=0 TO 12
FUT £adl,chan
GET f£adl,dat
af{chan)=dat

MEXT

chan

CLOSE £adil

REM

REM Conversion of digital values Lo Eng values

REM

valuei)=
valueil)

D242%a (0) +30.
Lo4#a (1)

value (2)=,T67#a(3)
value (I)=.0009997%a(4)
value(4)=,0132&4#a (5)

value(S)=.01226&%a(s)
value(b)=.2456%al(7}
valuel7)=.01224%a (8) +55

value(B)=.0122&6%a4 ()
value(F)=.27121#a(10)
value(10)=.7424%a(11)
value(11)=,7424%a(12)

BASE 1

rtime(s5)=MIDE(DATES, 11,8}

J=D
K=o

REM

REM Flacing of Eng. values in data files

*E XX KKK

FEEEEREEREREREEEERER RS RS AL L LR R B R FF R RS F RS RSl
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REM
10 OPEN fprocessl,'"/dO/POVAR/dat"+name
FUT E£processi,rtime(s)
FUT £precessl,value
CLOSE £processi
REM
REM Time loop of one minute
REM
ml="AlL (MIDZ(DATE$,13,2))
REFEAT
m=VAL (MIDE(DATE$,13,2))
IF m<ml THEM
m=meal
ENDIF
UNTIL m=ml=1
REM
REM Return to step 5 to access A-D converter
REM
GOTO 3
REM Error trap
15 errnum=ERR
s1=VAL (MID$(DATES$,156,2))
REFEAT
s=UAL (MIDS (DATES,16,2))
IF sisl THEN
s=5+]
ENGIF
UNTIL s-s1=5
REM
REM File accessing error returns to appropriate point
REM
IF Jk=1 THEN &
IF k=2 THEM 10O
20 END
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FROCEDURE still_log
HEH *************&******i***?*****************I***************fi******‘*****

REM = *
REM # Fraocedure which generates a Logsheet containing process values *
REM = *

R I L L R
REM

REM Assigning of data types and dimensioning of variables
REM

DIM pl,process!,steamonl column_onl:BYTE

DIM testdatl,resdati,additionsl:BYTE

DIM stval,colval ,stvall,colvall: INTEGER

DIM rtimel(&) :STRING

DIM name: STRINGLZ23I

CGIM value(l1Z2):REAL

DIM i: INTEGER

DIM dtime (b)) :15TRING

stval 1=0

colval 1=0

ON ERROR GOTO 10

REM

REM File names for intermediate data storage
REM

DATA "1","2",”3","4",”5",”&","?“,"8”,"?“,“10"
SHELL "sleep 200"

OFEN £p1,"/pS":WRITE

REM Printing of log sheet headings

PRINT £p1; TAB(Z)y "TIME"; TAB(F)3; "STEAM": TAB(18); "COIL": TAE
(253 "STILL"3; TAB(J4); "DIST"; TAB(41); "COLUMN"; TAB(S0); "A.D."
3 TRB(S8Y; "ALCO"3; TAB(&S); "CF.TEMP“; TAB(74)3 “CR.TEMP"

FRINT £pl; TAB(?); "FLOW"; TAB(18); "FRESS"; TAB(25); "TEMP"; TAB
(3413 "degC"; TAB(41)3 "TOP TEM"; TABISO); "OFF": TAB(SB): !TANKWTY
FRINT £pl; TAB(?); "KG/HR"; TAB(13); "BAR"; TAB(2S); "DEGLC"; TAB

{354); "DEGC"; TAB(43); "DEGC"; TAB(S0); "L/HR"3; TAB(AO): "Kg"i: TAB

(&&); "DEGC"3 TAB(7S); "DEGC"
PRINT £p1,"

1=

S READ name

REM Acquisition of data from process data files
& OFEN £processl,"/d0/POVAR/dat"+name

BET £processl,rtime(s)

GET £processi,value

CLOSE fprocessi

REM Assigning data values to variable names
valul=values(l)

valuZ=value(2)

valul=value (3}

valud=value(4)

valuS=value (5)

valub=value (&)

valu7=value(7)

valuB=value (8)

valuF=value (7}

valulO=valus(1Q)



/alull=value(ll)
valull=value (12}

IF i=1 THEN

174

REM Logging of specific process values on a hardcopy
FRINT £p1 USING "s7,X1,9(r8.1)",rtime(sd),valul,valud, valul,valu?

yvalug,valuld,valu2,valus,valus

FRINT £pi,"

REM Accessing controller flag fi1les to determine current set

OFEN £steamonl,"/dl/steameon”

READ Esteamponl,stval
CLOSE f£steamonl

OFEN fcolumn_onl,"/di/columnt”

READ fcolumn_oni,colval
CLOSE £column_onl

IF colval=colvall THEN 7
IF colval=1 THEN

REM Logging of change 1n Column Set point and time of change

dtime (&) =MIDE(DATES$, 10,5}

FRINT £pl,"Column Top Temperature set at "3

PRINT £p1,"___

points

dtime(s); " Set value =90

ENDIF
IF colval=0 THEN
dtime (&) =MIDE(DATES, 10,5)

PRINT £pl,"Column Top Temperature Controller switched off at "3 dtime

(&)

PRINT £pi1,"

ENDIF

7 colwval l=colval

IF stval=stvall THEN &

IF stval=1 THEN

REM Logging of change in Steam pressure

dtime (6)=MID¥(DATES,10,5)

FRINT £p1,"Steam FPressure set at 3 bar at "3 dtime(s)

FRENT: Ead gt e e S =Ll -
W

ENDIF

IF stval=2 THEN

dtime(5)=MID5(DATE$,10,5)

FRINT £pl,"Steam Pressure set at 2 bar at "; dtime(&)

FREINT £pil." I, =iy i o

ENDIF

IF stval=I THEN

dtimel(b)=MID$(DATES,10,5)

FRINT £pl,"Steam switched of at "3 dtime(é)

ERVENE Bad i a1 TR T e - e

ENDIF

IF stval=1i0 THEM

dtime (6)=MID$(DATES,10,5)

PRINT £pl,"Steam switched off to await Soclvent Stripping at "; dtime

(&)
PRINT £p1,"_
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IF stval=5 THEN
dtime(s)=MID${DATES, 10,5

FRINT £p1,"Steam Pressure set at 0.5 bar at ": dtime(&)
PRINT £p1,"

ENDIF

2 stval i=stval

REM Timing loop of cne minute
mi=VaL (MIDF (DATEE,13,2))
REFEAT

m=AL (MIDS (DATES, 13,20

IF mim1 THEN

m=m+&0

ENDIF

UNTIL m—-ml>=1

IF 1=10 THEN

1=0

ENDIF

i=141

IF stval=10 THEN 20

REM return to step S and access rnext data file
E0T0 S C

10 errnum=ERR

REM Error trap of S secs
s1=YAL (MID$(DATE$,16,2))
REFEAT

s=YAL (MID# (DATE$,16,2))

IF si{s1 THEN

a=s+40

EMDIF

LINTIL s-s1%=5

GOTD &

20 PRINT £pi

REM Accessing of files containing Raw Material usages
OFEN f£resdatl,"/dl/resdat"
AREAD £resdatl,forma,buchl,ibuohl,wbuahl ,wibuchl,afoam,melam,urea

yocaus

CLOSE fresdati ]

REM Accessing of files for secondary material additions

OFEN Eadditionsl,"/dl/additions"”

READ £additionsl,buoh2,ibuohl,acat,:ylol

CLOSE fadditionsl

REM Generation of Raw Materials used on the Log Sheet

PRINT £p!,CHR$(12)

FRINT £pl USING "'Formalin(litres)  ,X5,R10.1,X2",forma

FRINT £p1

FRINT £pl1 USING "'"Butanol {l) (litres) ' ,x3,r10.1,x2" buchi
PRINT £p1

FRINT £p1 USING " 'Butanol(2) (litres)’' ,xS,r10.1,x2", buch?
PRINT £pi

PRINT £p1 USING "'Iso-Butanol (1) (litres) ' ,#S5,r10,1,42",ibuphl
FRINT £p1

PRINT £pi USING "'Iso-Butanol (2) (litres) ,u5,r10.1,%2",ibuch2
FRINT £p1

PRINT £pl USING "'Wet Butanol (1! (litres)’,uS,r10.1,%2" ,wbuchil
FRINT £p1

PRINT £p1 USING "'Wet Iso-Butanol (1) (litres)’ ,xS,r10.1,%2",wibuohl
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FROCEDURE transfer
R B B T TP e g
REM =«

*
REM * Frocedure which transmits process valuss to the BBEC computer *
REM = *
REM = -
REM # for display in the graphics mode -
REM #* -

T I e Rt . o 3 S R s SV S
AREM

REM Assigning data tvoes and variable arravs
REM

DIM datal ,process!.ad!l,pqgl,finishl:BYTE
DIM rtimet?) :STRING

DIM x (12) ,nolen(12): INTEGER

DIM yi{12),ai(lé&)avad (10) ,b(10) s REAL

OIM yutl12):REAL v

DIM astr3ill) ,striens(12) ,charval $(5)

DIM chan,dat,1,datl: INTEGER

OM ERROR GOTO SS

k=1

vad=1

di=0

REM Data acquisition from Lhe &5-D convertor
S OPEN £adi,"/anlg"

BASE O

FOR chan=0 TO 15

PUT £adl,chan

BET £adl,dat

alchan!)=dat

NMEXT chan

CLOSE fadl

REM Conversion of data intoc eng units
stillt=.0242%a(0)+I0.

steamf=,I57#a (3}

GOl lp=.00057997%a 1 4)

cowatr=.01324#a(5)

cowabf=.01204%a &)

VACLT. 246a*a(7)

cttemp=.01226+%a(8) +535.

distt=.01226%a (3}

adflow=.I7121%a(10)

refluxr=.7424%5(11)

wetsolr=,7424%a(12)

REM averaging routine for A.D. tank weight value

IF k<=10 THEN
avad (k-1)=a (1)
ELSE

FOR j=0 TO 8
bljl=avad(j+1)
NEXT 3

FOR j=0 TO 8
avad(3)=b(j)

NEXT 3
avad(F)=a(l)
ENDIF

IF <9 THEN
ad=0

FOR j=0 TO k-1
ad=ad+avad(j)
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NEXT 3
adrem=ad/k
EMDIF
IF k»=9 THEN
ad=0
FOR 3=0 TO 2
ad=ad+avad (3}
NEXT J
adrem=ad/10
ENDIF
14 BASE 1
REM Assigning values to an array
yii)=stillt
y (2)=adrem
y(Z)=steamf
y(d4)=coilp
y(3) =cowatr
yl&)=cowats
y{7)=vacu
yiBi=cttemp
y(Ft=distt
y(10)=adflow
yill)=reflunr
¥(12)=wetsolr
REM Converting process values to integers
FOR i=1 TO 12
yirlt)=y(i)*10
#L1IsSINT (v (1))
NEXT i
IF yx(2)517485. THEN
#(2)=17445
ENDIF
REM Breakdown of Process values into Individual characters
FOR i=1 TO 12
Astr¥(1)=BTR$¥(x (1))
nolen{i)=LEN(xstr$(i1))
strienf¥(1)=STR¥(nolenii))
FOR J=1 TO nolenti}
charval®())=MID¥(ustr¥(i),i,1)
NEXT 23 ;
REM Transmission of characters to display computer
OFEM £datal,"/dtr":WRITE
FRINT £datal,strlen¥®(i)
FOR 3=1 TO nolenti)
FRINT £datal,charval$ij)
NEXT 3
CLOSE Edatal
NEXT i
REM Timing loop for ten second delay
iS si=VAL (MID$(DATES,16,2))
REFEAT
s=VAL (MID¥ (DATE$, 16,2))
IF sd{s1 THEN
s=5+&60
ENDIF
UNTIL s-s1.=10
k=k+1
GOTO S
20 BASE 1
rtime (9)=MID$ (DATE$,10,8)
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FROCEDURE inout
R e s e e T
REM *

REM # Frocedure to monitor the flag files and provide the -
REM #* -
FEM = QOperator interface with the system by gensrating -
REM # *
REM * messages and prompts *
REM = *
FEM ### %5k st i@ it n i b i e ptr e R R ERARAERARERRERRER AR AL R R E DT

REM

REM

REM Definition of wvariables and arrays

DIM boill,adl,adacatl,adiust! ,areactl,additionsl:BYTE

DIM adbuohl,adxvylol,steamonl,column_onl:EBYTE

DIM ansil)an(l}:STRING

DIM typr{3):3TRING

DIM chan,dat.datl: INTEGER

DIM stval,toptemp: INTEGER

ON ERROR GOTD 300

REM Data retrieval for material additions and water off guantities
OFEN fadjustl,"/d1l/adjust"

READ £adjustl,xylol,ibuch2,buchZ,typr (3) ,addwater ,reactwat
CLOSE £adjustl

CREATE £additionsl,"/dli/additions"

REM Initiation of procedure to indicate point for Xylol addition
SHELL "adduylolf"

5 chan=0

posi1t=0

REM Access A-D convertor channel O

OFEN Eadl,"/anlg"

BASE O

FUT £adl,chan

GET £adl,dat

CLOSE £ad1

BASE 1|

REM Convert digital value to Still Temp

stillt=.0242%dat+30.

REM Test to see 1f still temp » BO degC

IF stillt>B0. THEN

stval=5

REM If condition met steam pressure flag file accessed

REM and pressure dropped to 0.2 bar

OFEN £steamonl,"/dl/steamon"

WRITE £steamonl,stwval

CLOSE £steamonl

REM Frompt for manual check to determine contents of still boiling
FRINT

FRINT "Check the still contents to see if boiling has started"”
FRINT

FRINT "When the contents are boiling, enter biboiling:"

FPRINT

REM Acknowledgement of boiling commencement

& INFUT "Answer is - "sans(l)

PRINT

IF ans(1)="L" THEN

REM Methylolation stage, 1S min reflux

FRINT "The contents should now be boiled for 15 mins, with the reflux”
FRIMT

FRINT "being returned to the still"



- 185 -«
ELSE
G070 &
ENDIF
REM Time of boiling placed in data file
rm=YAL (MID$(DATE$,13,2))
rmb=VAL (MID¥ (DATE$,10,2) ) #&0
tboil=rm+rmb
OFEN f£boill,"/di/boil"
WRITE £boill,tboil
CLOSE €boill
REM Move to next stage of procsss
GOTO 10
ENDIF
REM Frocess position marker +for returning to correct point
REM after entering timing loop
posit=0
G0TO 100
10 posit=l
REM Access Xylol addition flag file
OFEN £aduylol,"/dl/adxylo”
READ faduylol,nuyloadd
CLOSE fadxylol
IF uyloadd=1 THEN
REM When value has changed prompt genesrated for material addition
FRINT "The still contents have been boiling for 13 mins, the Xylol should now be
added"

FRINT

PRINT "The adjusted Xylol charge iz -"3; TAB(ZO); uylol; " Litres"
FRINT

REM Acknowledge charge by entering gquantity
15 INPUT "%ylol used - ",xylol

PRINT

FRINT "Do you wish to change this valus"
FRINT

FRINT "“Enter yives),ni{no)"”

FRINT

INFUT "Answer is - ",ans(l1)

IF ans(1)="y" THEN 15
REM Steam pressure increased to proceed reaction
stval=1
OFEN £steamonl,"/dl/steamon”
WRITE f£steamonl,stval
LOSE E£steamonl
REM Imnitiate Butanol (2) addition procedure
SHELL "buohZadd&"
G0TO 20
ELBE
posit=1
GOTOD 100
ENDIF
REM Access Butanol (2) additieon flag file
20 posit=2 ’
OFEN £adbuohl,"/dl/adbuch"
READ f£adbuohl,buch2a
CLOSE fadbuohl
REM Generate prompt for Butanol (2) addition
IF buohZa=1 THEN
FRINT
PRINT "The still contents have been boiling for 3 hrs”
PRINT
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FRINT "It is now time for the butancl (2) addition to the still"

PRINT

IF ibwohZ2»0 THEN 25

PRINT

FRINT "The adjusted n-Buoh(2) charge is - "3 buohZ
PRINT

REM Enter guantity of Butanol charged

24 INFUT "n—-Butanol (2) added - ",buochZ2

PRINT

FRINT “Do you wish to change this value"
FRINT
FRINT "Enter yiyesl,ninol}"

PRINT

INFUT "Answer is = ",ansil)

IF ans{i)="y" THEN 24

ibuoh2=.0

GOTa 28

REM Enter guantity of Butanocl charged

25 PRINT "The adjusted iso-Buch(2) charge is - "j
PRINT

26 INPUT "Iso-Butanol (2) used = eibunh2

PRINT

FRINT "Do you wish to change this value"
FRINT
FRINT "Enter yiyes), nina}"

FRINT

INFUT "Answer is - ",ans(l)
PRINMT

IF ans(1y="y" THEN 26&
bughZ=.0

REM Initiate Acid Catalyst addition procedure
28 SHELL "acatad®%"

GOTO JO

ELBE

posit=2

GOTO 100

ENDIF

IO posit=3

REM Access Acid Catalyst addition flag file
OFEN f£adacatl,"/dl/adacat"

READ f£adacatl,addac

CLOSE £adacat

IF addac=1 THEN

REM Generate prompt for addition of acid catal yst
FRINT

ibuohZ

FRINT "The =till contents have reached 102 C and the water removed has

the reguired amount"

PRINT .

FRINT "The Acid Catalyst should now be added"
PRINT

PRINT "When the catalyst has been added enter the amount used below"

FRINT
REM Acknowledgement of catalyst charged
35 INPUT "Acid Catalyst used - ",acat
PRINT

FRINT "Do you wish to change this value"
FRINT

PRINT "Enter ylyes), ninao}"

PRINT

INFUT "Answer is - ",ans(l)

attained
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IF anstil)i="y" THEN 35

stval=2

REM Adjustment of steam pressure for next stage of process
OFEN £steamonl,"/dl/steamon”

WRITE f£steamonl,stval

CLOSE £steamonl

toptemp=1

REM Setting of column top temp. controller value

OFEN £column_onl,"/di/columnt"

WRITE E£column_onl,toptemp

CLOSE £column_onl

REM Initiation of acid reaction monitoring procedure
SHELL "acidreact&"

OPEN Eadditionsl,”/dl/additions"

WRITE fadditionsl,buchZ,ibughZ,acat,tylol

CLOSE £additionsli

0T 40

ELSE

posit=3

GOTO 100

ENDIF

40 posit=4

REM Accessing of acid reaction stage flag file

OFEN fareactl,"/dl/areact"

READ fareacti,endpt

CLOSE fareactl

IF endpt=1 THEN

REM Generation of message at end of acid reaction stage
FRINT

PRINT "The regquired amount of Aguecus Distillate has been removed"
FRINT

PRINT "during the Acid Reaction"

PRINT

PRINT "The S5till contents should now be VYacuum Stripped"
GO0TO 200

ELSE

posi1t=4

G0TO 100

ENDIF

REM Timing routine of one minute interval

100 s1=VAL (IMIDF(DATE$,13,2))

REFEAT

s=AL (MID#(DATE*#,13,2)}

IF s<s1l THEN

s=5+560

ENDIF

UNTIL s-si>=1

IF posit=0 THEN S

IF posit=1 THEN 10

IF posit=2 THEN 20

IF posit=3 THEM T0

IF posit=4 THEN 40

200 PRINT

REM Adjustment of steam pressure before Vacuum Stripping resin
stval=10

FRINT "When Vacuum Stripping has commenced acknowledge by entering
FRINT

REM Commencement of Yacuum Stripping

INFUT "Vacuum Stripping started - ",an(1)

PRINT "Vacuum stripping commenced"

vivac)"



FRINT #4885 -~
BFEN Estgamonl,"/dl/steamon"
WRITE E£steamonl,stwval

CLOBE £steamonl

BATO IS0

REM Error trap routine for accessing errors
00 errnum=ERR

=1=VYAL (MID¥ (DATE$,16,2))

REFEAT

s=YAL (MID#F (DATE®,14,2) )

IF sisl THEN

s=5+40

ENDIF

UNTIL s-s1:=3

IF posit=0 THEN S

IF posit=1 THEN 10

IF posit=2 THEM 20

IF posit=2 THEN 30

IF posit=4 THEN 40

350 END



- 189 -

FIGURE A3.10 Procedure 'addxylol'
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PROCEDURE addxylol
REM
REM Frocedure for indicating the addition point for
REM
REM
REM the Xylol charge. This is a timing routine from
REM
REM the time boiling has occcured
REM
REM
REM Definition of variables
DIM boill,adxylol:BYTE
ON ERROR BOTO 20O
mhb=0
REM Accessing of boil flag file to detect onset of boiling
REM and obtain boiling time in minutes
1 OPEN £fboill,"/di /boil"
READ £beill,tboil
CLOSE £boill
REM Fosition indicator
posit=1
REM Check Lo see 1f boiling has occcurred
IF tboil=0 THEN 7
REM Fixing of current time in minutes
S m=VAL (MID¥(DATE$,13,2))
mh="AL (MIDF (DATEF, 10,2) ) #60
IF mh<mhb THEN
mhia=1440
ELSE
mha=0
EMDIF
REM Paosition indicator
posit=2
tm=m+mh+mha
mhb=mh+mha
FEM If time elapsed then goto step 10
IF tm—tboil »=15 THEN 10
REM One minute timing loop
7 s1=VAL (MID$(DATE$,135,2))
REFEAT
s=YAL (MID# (DATES$,13,2))
IF s<s1 THEN
s=g+&0
ENDIF
UNTIL s-s51>=1
REM Return coperation to correct point i1n procedure
IF posit=1 THEN 1
GOTD S
REM Accesing flag file adxylo to indicate Xylol should be added
10 ayload=1
OFEN £fadxylol,"/dl/aduylo"
WRITE £adxylol,xyload
CLOSE £adxylol
BOTO TO
REM Error trap for accessing errors
20 errnum=ERR
51=VAL (MID¥ (DATE#,15,2))
REFEAT
s=VAL (MIDE(DATE®,16,2))
IF s<sl THEN



s=g+50 =
ENDIF

UNTIL s-si:=5

GOTO 1

31 END
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FIGURE A3.11 Procedure 'buoh2add'
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FROCEDURE buchZadd
REM
AREM Procedure to indicate the point when the second Butanol
REM
REM charge should be made. This is a timing routine.
REM
REM
REM Definition of variables
DIM adbuocinl,boill:BYTE
REM Error trap subroutine
ON ERRDR GOTO 8
REM Accessing of flag file boil to indicate onset of boiling
REM and cbtain time of boiling in minutes
1 OFPEN £boill,"/dl/boil"
READ £boill,tboil
CLOBE fboill
REM Fosition indicator
posit=1
REM Test to see if boiling has ccocurred
IF tboil=0 THEN 7
REM Fixing current time in minutes
S m=VAL (MID® (DATE¥,13,2))
mh=YAL (MIDE (DATE$,10,2) ) #5650
IF mh<mhb THEN
mha=1440
ELSE
mha=0
ENDIF
tm=m+mh+mha
mhb=mh+mha
REM Fosition indicator
posit=2 h
REM Test to see if time has elapsed
IF tm-tboil >=195 THEN
buohZa=1
REM If time has elapsed then value in flag file adbuoh is
REM changed to indicate that the Butanocl (2) charge should
REM be made
OFEN £adbuchl,"/dl/adbuoh"
WRITE £adbuohl,bucha
CLOSE £adbuohi
GOTO 10
ENDIF
REM One minute timing loop
7 smi=VAL (MID#(DATE$,13,2))
REFEAT
sm=VAlL (MID$ (DATE$,13,2))
IF smisml THEN
sm=5m+Hb0
ENDIF
UNTIL sm-sml>=1
IF posit=1 THEN 1
507T0 S
REM Five second timing loop to trap disc access errors
8 =rrnum=ERR
s1=VAL (MID¥ (DATES,16,2))
REFEAT
s=VAL (MID$ (DATE$,16,2))
IF si{s1 THEN
s=g+1



= dva
ENDIF

UNTIL s-81:=5
GOTO 1
10 END
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FIGURE A3.12 Procedure 'acatad'
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FROCEDURE acatad
REM
REM Frocedure to indicate the point for the Acid Catalvst addition
REM
REM Definition ot variables
DIM adi,adacatl,adjustl,steamonl:BYTE
DIM chanl,chan2,datl,dat2,stval ,dat3,data: INTEGER
DIM typr(3):STRING
DIM avad(10) ,b(10):REAL
REM Disc accessing error trap
ON ERRGR GOTO 7
k=1
REM Definition of A-0 chamnels
chanl=0
chana=1
REM Accessing of data file adjust to obtain the guantities
REM of water to be removed during this stage
i DPEN f£adjustil,"/dl/adjust"
READ Eadjustl,ax,bs,c,typr (3),addwat,totwat
CLOSE fadjustl
REM Accessing of A-D converter to obtain digital values
S OFEN fadl,"/anlg"
BASE O
FUT £adl,chant
GET £adl,datl
PUT Eadi,chanZ
GET £adl,datZ
CLOSE £adi
BASE 1
REM Conversion of digital values to esngineering values
st1llt=.0242%dat1+30,
REM Loop to average the previous ten values for the Aguescus
REM Distillate Tank Weight
IF k<=10 THEN
avad (k)=dat2
EL 8SE
FOR j=1 TO 9
Sl3i=avad(i+l)
HNEXT J
B(10)=dat?
ENDIF
IF k<1 THEN
ad=0
FOR 3=1 TO k
ad=ad+avad(j)
NEXT j
dat=ad/k
ELEE
ad=0
FOR j=1 TO 10
ad=ad+b ()
NEXT J
dat=ad/10
ENDIF
REM Conversion of the Aguecus Distillate digital value
adrem=2.004*dat
IF k=1 THEN
valuel=adrem
ENDIF
k=k+1
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REM Test to see 1f a spiked value has been received by the system
REM If one has, then previous AD valus used
IF adrem:valuel+valuel/S THENM
adrem=valuel
ENDIF
valuel=adrem
REM Test to see if required temperature and mass of water removed
REM has been achieved
IF st111t5=103. AND adremi=addwat-addwat*.0S THEN
stval=3
REM Altering value in steam pressure flag file
OFEN Esteamonl,"/dl/steamon”
WRITE Esteamonl,stval
CLOSE f£stesamonl
REM Timing loop of five minutes
mi=VAL (MID$ (DATE$,13,2))
REFEAT
m=VAL (MIDE¥ (DATE#,13,2) )
IF m<ml THEN
=m+HL
ENDIF
UNTIL m-ml>=35
addac=1
REM Accessing flag file adacat to alter the flag value to indicate
REM that the ascid catalyst should now be added
OFEN fadacatl,"/dl/adacat"
WRITE f£adacatl,addac
CLOSE £adacatl
REM End procedure
3070 10
ENDIF
REM One mipute timing loop
s1=VAL (MID#% (DATES,13,2))
REFEAT
s=VAL (MIDF (DATE$,13,2))
IF s<sl1 THEN
s5=5+50
ENDIF
UNTIL s-s1) =1
GOTO S
REM Disc accessing error trap
7 errnum=ERR
sl=sVaL (MID# (DATES,16,2))
REFEAT
s=VAL {(MID¥ (DATE#,16,2))
IF s<s1 THEN
s=5+60
ENDIF
UNTIL s-=13=5
IF k=1 THEN 1
GOTO S
10 END
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FIGURE A3.13 Procedure 'acidreact'
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PROCEDURE acidreact
REM

REM Frocedure to indicate the end of the Acid Reaction stage
REM

REM This procedure monitiors the Mass of Aguesous Distillate
REM

REM removed for the reaction

REM

FREM Definition of wvariables
DIM adl,areactl,adjustl:BYTE
DIM dat,chan,datl: INTEBER

DIM typr (3):STRING

DIM avad(10) ,b(10) :REAL

REM Disc accessing error trap
oM ERROR GOTO 7

k=1

REM fAccessing flag file adjust to obtain mass of water to be
REM remaved

1 OPEN f£adjustl,"/dl/adjust"”
READ Eadjustl,an,bs,c,typr (3),d,totwat
CLOSE E£adjustl

REM Definmition of A-D channels
chan=1 ;

REM Accessing of A-D converter
S OFEN £adl,"/anlg"

BASE ©

FUT £adl,chan

GET £fadi,dat

CLOSE £ad1l

BASE 1

dati=dat

REM Averaging routine for Aguesous Distillate Mass
IF k<=10 THEN

avad(k)=dat

ELSE

FOR j=1 TO 7

bljl=avad(j+l)

NEXT j

b(10)=dat

ENDIF

IF k<19 THEN

ad=0

FOR j=1 TO k

ad=ad+avad ()}

NEXT J

datl=ad/k

ELBE

ad=0

FOR j=1 TO 10

ad=ad+b (j)

NEXT 3

datl=ad/10

ENDIF

& adrem=2.004%datl

IF k=1 THEN

valuel=adrem

ENDIF

k=k+1

REM Test to check if spiked value received by A-D converter
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IF adrem:valusl+valuel/S THEN
adrem=valuesl
ENDIF
valuel=adrem
FREM Test to see if required mass of Agueous Distillate has been
REM removed
IF adram )=totwat THEN
endpt=1
REM Altering of value in flag file to indicate end of reaction
OFEN fareactl,"/di/areact"
WRITE fareactl,endpt
CLOSE fareactl
REM End procedure
GOTO 10
ENDIF
REM One minute timing loop
s1=VAL (MID¥ (DATE$,132,2))
REFPEAT
s=VAL (MID¥ (DATE#,13,2))
IF =sda1l THEN
S=5+&0
ENDIF
UNTIL s-s1>=1
GOTO 5
REM Disc accessing error timing loop
7 errnum=ERR
s1=VAL (MID$ (DATES$, 16,2))
REFEAT
s=VAL (MID¥ (DATES$,16,2))
IF s<s1 THEN

s=s+560

ENDIF

UNTIL s—-s1»=5
IF k=1 THEN 1
E0TO S

10 END



FIGURE A3.14

- 201 -

Procedure 'steamset'

( Start )

No

stval
=10

End

Yes

-

Access flag file
'steamon' to find
steam set point

Assign digital
value to steam
set point

Output digital
value to controller
via D to A converter

[
[Latch time sl ]

No



- 202 -
FPROCELCURE steamset
REM
REM Frocedure which adjusts the steam pressure to the reactor
REM
REM based on flag values in files
REM
REM
REM Definition of variables
DIM steamonl,stsetl,stpress:BYTE
DIM stwval: INTEGER
REM Disc accessing error trap
ON ERROR GOTO 7
REM Accessing flag file steamon to obtain value for
REM steam pressure
S OFEN f£steamonl,"/dl/steamon”
READ E£steamont,stval
CLOSE £steamonl
REM Flag values and their corresponding digital values
IF stval=0 THEN
stpress=0
ENDIF
IF stval=1 THEN
stpress=170
ENDIF
IF stval=Z THEN
stpress=124
ENDIF
IF stwal=7 THEN
stpress=0
ENDIF
IF stwval=S THEN
stpress=I2
ENDIF
IF stwval=10 THEN
stpress=0
ENDIF
REM Accessing D-A converter and sending appropriate values to
REM set point controller
OFEN £stsetl,"/dal"”
FOR 1=1 TO 1000
FUT f£stsetl,stpress
NEXT 1
CLOSE fstsetl
REM One minute timing loop
=1=VAL (MID# (DATE$,13,2))
REFEAT
s=VAL (MID# (DATE$,13,2))
IF sd{sl THEN
3=g+60
ENDIF
UNTIL s-s1i=1
BGO0TO S
REM Disc accessing error trap timing loop
7 errnum=ERR
s1=VAL (MID# (DATE$,146,2))
REPEAT
s=VAL (MID# (DATE$,16,2))
IF sis1 THEN
s5=5+60
ENDIF



UNTIL s-sl.

GOTO S
10 END

203
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FROCEDURE coltop
REM

REM Procedure to adjust the Column Top Temperature Controller
REM

REM

REM Definition of variables

DIM column_onl,colset!,vacuuml,tocptemnp,vacu:BYTE
DIM colwval zolvall: INTEGER

REM Disc accessing error trap

ON ERROR GOTO 8

colval 1=0

REM Setting value on Column Top Temp Controller to zero
OFEN £colsetl,"/dal"”

FOR i=1 TO 1000

FUT £colsetl,colwvall

NEXT 1

CLOSE £colsetl

REM Accessing flag file columnt to cbtain setting for controller
S OFPEN £column_pnil,"/dl/columnt"

READ £coclumn_onli,colval

CLOSE €£column_onl

REM Test to see if controller reguires to be set
IF colval=colvall THEN 7

IF colwval=1 THEN

REM Setting for top temp. controller

toptemp=172

ELSE

toptemp=0

ENDIF

REM Sending set point value to the D-A converter to send out
REM to controller .

OFEN £colsetl,"/dal"

FOR 1=1 TO 1000

FUT £colsetl,toptemp

NEXT 1

CLOSE £colsetl

colval 1=colval

REM One minute timing loop

7 s1=VAL(MID® (DATE$,13,2))

REFEAT

s=VAL (MID# (DATE®,17,2))

IF s{sl THEN

s=5+40

ENDIF

UNTIL s-s1i=1

GOTO S

8 errnum=ERR

REM Disc accessing error trap timing loop

s1=VAL (MIDF (DATE$,16,2))

REFPEAT

s=VAL (MIDE (DATES, 16,2))

IF s<sl THEN

sS=5+&0

ENDIF

UNTIL s-s12>=%

30T0 S

10 END
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FIGURE A3.16 Procedure 'vacstrip' (C'td)
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FROCEDURE wvacstrip

REM

REM Procedure to Vacuum Strip =olvent at reaction temperature
REM

REM without cooling the reactor contents

REM

REM

REM Definition of variables

DIM vac,vacl,vacdatl,adl,steancnl,stval :BYTE

DIM steps,chandt,chanws: INTEGER

DIM datdt,datws:REAL

DIM time(10) ,vacu(ll) ,wetsolf (I} ,grad(10) :REAL

DIM an(1):STRING

REM Setting of atmospheric pressure

vacuum=760.

initime=.0

REM Setting of channels on A-D converter

chandt=%9

chanws=12

REM Initialising wet solvent flow

wetsolt=.0

k=1

REM Accessing file containing steps for reduction in pressures
DFEN Evacdatl,"/dl/vacdat"

GET f£vacdatl,steps

GET Evacdatl,time

GET £vacdatl,vacu

CLOSE £vacdatt

REM ficcessing A-D converter

OFEN £adl,"/anlg"

REM Accessing D-A converter

OFEN Evact,"/das"

REM Setting i1nitial digital wvalus for wvacuum
vac=255/1000%vacuum

PUT E£vacl,vac

S PRINT "To indicate that svstem is ready for Vacuum Stripping enter, v"
FRINT

INFUT "Answer is - ",an(l}
IF anl(l)="v" THEN 10
GOTO S

REM Calculation of stepwise reductions in pressure with time
10 FOR i=1 TO steps
grad(i)={vacuum=vacuii))/i{timelil=initime)

inter=time(il) /s

dec=grad (1) #&

FOR j=1 TO inter

Jacuum=vacuum-dec

vac=255/1000%vacuum

REM DOutput of vacuum to controller

PUT £wvacl,vac

REM Six second timing loop

s1=VAL (MID% (DATE$,156,2))

REFEAT

==VAL (MID# (DATE#$,16,2))

IF s<s1 THEN

5=5+50

ENDIF

UNTIL s-sl>=4%

REM Obtain Distillate temp and wet solwvent flaow from A-D converter
FUT £adl,chandt
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GET E£ad! ,datdt
FUT £adl,chanws
GET fadl,datws
REM Conversion ot digital values to engineering values
distt=,0122&6#%datdt
wetsolr=. 74Z4%datws
REM Test to check if distillate temp. to high
IF distt>»>40. THEN
REM 1f distillate temp to high then pause in timing loop
REM until value is low enough to proceed
20 =1=VAL (MIDf (DATE*,16,2))
REFEAT
3=YAL (MID$ (DATE$,16,2))
IF s<s1 THEN
s=g+b0
ENDIF
UNTIL s-s1i=4
FUT £adl,chandt
GET fadl,datdt
distt=,0122&%datdt
IF distt>40 THEN 20
ENDIF
REM Test to see 1+ the wet solvent rate 15 to low
IF wetsoclr<100. THEN
stval =465
REM If solvent rate low then stsam Luwned on at low pressure
OFENM £steamonl,"/dal"”
FUT f£steamonl,stval
CLOSE £steamonl
ENDIF
REM Calculation of gquantity of wel solvent removed
wetsolf (k)=wetsolr
IF k=3I THEN ¢
are@as=h/I* watsolf (1) +4%wetsol £ (2) +wstscl £ (3
wetsol t=wetsol t+area
k=0
ENDIF
k=k+1
NEXT 3
NEXT 12
REM Closing paths to A-D and D-A converters
CLOSE £vac!
CLOBE £ad1
END
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FIGURE A3.17 BBC Graphics Program (main Program)
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FIGURE A3.18 BBC Graphics Program (Subroutine for Mimic Diagram
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FIGURE A3.19 BBC Graphics Program (Subroutine for Bar Chart Display)
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FIGURE A3.20 BBC Graphics Program (Subroutine for Trend Diagram
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FIGURE A3.21 BBC Graphics Program (Data Capture Subroutine)

Set-up RS432
port for data
input

v

Get data from
RS423 Port

Assemble data
into process

values
Is
No CH2 = 100
Output data
Yes to disc file
(10 mins
'
CHI1 =1

|

Assign values
to data
arrays

1

CHI = CHI + 1




- 215 -

LT AEN sesesrtsarsdees s s oo e sl eimetses shts rbtss b e b e e beh e g g
110 REM = *
120 REM #* Frocedure to accept packages of data from the SEED-19 -
130 REM » 3
v REM *= Computer and display tnese i1n Graphical Form. The *
REM = e

REM = displays taking the form of mimic diagrams, bar charts #
REM # -
REM # or trend diagrams. -
REM # -

FENM #3323 ¢ddbe bttt bahitbbhbrerrsbs sttt lisBistrahrsbtis bbb shennes
REM

REM

REM MENU SELECTION ROUTINE

REM

REM Defining variéblies and arrays

DIM X{5) ,PROVAL(12) ,Y(8) 0V (S

DIM OFADIS00) (VISCRE(S00Q) , TEMRS (500}

CH1=1

SFIL=0

REM Setting display parameters for numeric values
@U=2000201048

GOsUR 510

REYMC=0

SELF=INKEY$ (50)

REM Selectiaon of dispiay based on choice made from menu
IF SEL#="1" THEM GOSUB &7

IF BEL$="2" THEN GOSUEB 1320

IF 3" THEN BOSUR T&10

IF SEL$="4" THEN GOSUB IZ70

IF SEL#="3" THEN BOSUER 2800

IF RSYNC=1 THEN 32

REM Retuwrn Lo data capture routine when selection not made
BGOSUB 2130

GO0TO Z40

END

REM

REM

30 REM

REM Main Menu display subroutine giving optional displays
REM

MODE 1:V0OU 19,0,1303:COLOUR 2

FRINT TAB(4,3)"MENU OF VARIOUS FROCESS DISFLAYS"

PRIMT EARNS AN o e o e o e y

FRIMT TAB(0,7)"To Select Display enter number and WAIT":COLOUR =
FRINT TAB(1,12)"1 Stil1l11Z Flowsheet and Temperaturss"
FRINT TARBI(1,14)"2 Key Process Varibles"

PRINT TAB(1,16)"T Temperature Variation"

PRINT TRAB(1,18)"4 Viscosity Variation"

FPRINT TAB(1,20)"S A.D. Yariation"

REM End of Main Menu subroutine

RETURN

REM

REM

REM

REM Subroutine creating a Mimic Diagram Display for the Reactor System
REM

REM Construction of display

&80 MODEL1:GCOL ©,2:ADREM1=0.:8HAD1=0.
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&70 MOVE 200,200:DRAW 200 ,400: DRAW 400,400: DRAW 400,200:DRAW 300, 100: DRAW 200,
200

700 DRAW 200,200:GCOL 0,Z2:MOVE 300,380: DRAW JI00,200:MOVE 300, 100: DRAW S00,0

7i0 MOVE 220,400:6C0L 0,2:DRAW Z20,800:DRAW T00,800:DRAW T00,400: MOVE 220,440

7Z0 BCOL O,1:DRAW Z00,440:DRAW 220,760:DRAW JI00,7&480:DRAW 220,440

730 MOVE 2&60,8B00:DRAW 2Z560,900:DRAW S00,700

740 BCOL 0,2:DRAW S00,740:DRAW 700,3740: DRAW 700,860: DRAW SO0, 8580: DRAW SO0 ,9200

730 MOVE S40.7240:6C0L O,1:DRAW S40,3460:MOVE 640 ,740:DRAW &50,850: MOVE 540,924

780 DRAW &£460,724:MOVE S40,308: DRAW &&60,708: MOVE 540 ,8%2:DRAW 4460 ,392: MOVE 5S40,
a7a

770 DRAW &60,B7&:MIOVE S20,940:DRAW S20,1000:MOVE &80,840: DRAW &8O ,300

7EHO MOVE 700 ,900: 5C0L O, i:DRAW 1000,900:DRAW 10GO,800

790 GCOL O,Z2:DRAW F50,800: DRAW 250,626 DRAW 1050,620: DRAW 1050,B00: DRAW 1000,8
20

g00 GCOL 0,Z:MOVE 1030,710:DRAW 950,710:MOVE 1050, 780: DRAW 250, 780

810 GEOL O, 1:MOVE 1050,5635:DRAW L100,565:DRAW 1100,500:6C0L O,2: DRAW 1040 ,500

820 DRAW 1040,I280:DRAW 1160,380:DRAW 11560,500: DRAW 1100,500:GC0OL O,1

830 MOVE 11&60,400:0RAW 12B80,400:MOVE 920,735

340 DRAW &80,755:DRAW &80 ,700:GCOL 0,2:DRAN 4£40,700: DRAW &40 ,600

3830 DRAW 7Z0,600:DRAW 720,700: DRAW 660,700

860 BCOL O,1:MOVE &80, 500: DRAW &80 ,320: DRAW Z70,520: DRAW 3I70,400:MOVE 0,350

870 DRAW T60,I50:DRAW 240 ,300:DRAW Z60,240:DRAW 9,240:VDUS:GCOL ©,3

880 MOVE &60GC,800:FRINT "STILL 12":MOVE 1000,8S50:FRINT "SEPARATOR":MOVE 1130,50

850 PRINT "A.D.":MOVE 1130,550:FRINT"TANK":MOVE 1150,3480:PRINT "KG."

00 MOVE S00,100:VDUS:FEINT"To Return to MENU":MOVE S00,50:FRINT"enter ‘M° and
WAIT":NDU4

210 MOVE 580,360:0RAW B75,360:k=1

20 REM

FT0 REM

740 REM Calling Data Capture routine for next package of data

7S50 GOSUB 2130

F&i) REM Assigning new data variable names

70 STILLT=FROVAL (1) : AD1=INT (FROVAL (Z) #20,04) : ADREM=AD1/10: STEAMF=FROVAL (3)
80 COILP=FROVAL (4) :CWI=FROVAL (&) : CWO=FROVAL (5) : VACU=FROVAL (7 : COLTT=FROVAL (8)
F90 DISTT=FROVAL {F) : ADFLOW=FROVAL (10} : REFLUXR=FROVAL {11} : WNETSOLR=FROVAL (12)
1000 GOTO 1080
REM Deletion of old data values from mimic display
GCOL O,0:vYDU S

0Z0 MOVE 200,1S0:FRINT STILLT:MOVE 112,800:PRINT COLTT:MOVE 1%90,1000:PRINT CWO
1040 MOVE S00,830:FRINT CWI:MOVE 700,950:FPRINT DISTT :MOVE B800,T60:FRINT ADREM
1050 REM Deletion of filled in tank level display

1040 VDU 4

1070 BOTO 970

1080 B=ADREM#*120/3500:S5HAD=385+k

1090 IF k=1 THEN 1150

1100 GCOLOL,0:VDU 4

1110 IF ADREMUADREM1 THEN

1120 MOVE 1045,SHAD:MOVE 1155,SHAD:FLOT B5,11535,8HAD1:MOVEL1O45,SHADL: FLOT BS, 10
35, 8HAD

1130 ELSE

1140 REM Displaying of new data values on mimic diagram

1130 VDUS:GCOL 0,3

1160 MOVE 200,130:FRINT STILLT:MOVE 112,800:FRINT COLTT:MOVE 1%0,1000

1170 REM Shading in of new tank level on diagram

1180 MOVE 800,Z60:PRINT ADREM: VDU 4:GCOLO,1:IF SHAD. 495 THEN SHAD=495

1190 MOVE 1045,385:MOVE 1155,385:FLOT 85,1155,SHAD:MOVE 1045,5HAD:FLOT B8S, 1045,
385

1200 ADREM1=ADREM: SHAD1=5HAD

1210 REM Check to =zee if change of display is required
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1220 MENUS=INKEY® (50): IF MENUF="M" THEN 1280

1230

s

1240 REM Access Data Capture routine for next package of data
1250 BEOSUR 2130

1260 REM Return to start of routine to refresh data

1270 GOTD 1020

RSYMC=1: RETURN

1280
1290
1300
1310

REM
REM
REM

1320 REM Display of main process variables in bar chart form

1330

REM

1340 REM Construction of Bar Chart Axis and Titles

1250
1360
IEC"
1370
KG*"
1380
HRS"
1390
L
1400
1410
1420
1470
1440
1450
14460
1470
1480
1430
1500
1510
1520
13540

1550

1570
15600

MODE
MOVE

MOVE
MOVE
MOVE

MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE

0:WDU 19,0,&,0,0,0:¥DU 19,7,1,0,0,0: VDU S:6C0L Q,7
120,900: PRINT"STILL" : MOVE 120,852: FRINT"TEMP": MOVE 120,804:FRINT" D

420,700: FRINT"A.D. “: MOVE 280,852: FRINT'REMOVED" :MOVE 280,804 :FRINT"
640,F00: FRINT"REACTION" : MOVE &£40,BS2:PRINT"TIME" :MOVE &40,B04:FRINT"
FOO,F00: PRINT"WET SOLV":MDOVE F00,852:FRINT" OFF":MOVE F00,804:PRINT"

1120,852:PRINT"VISCOSITY": MOVE 11460,804:FRINT"  CP"

6£8,200: FRINT"30" : MOVE 58,300:1PRINT"S0": MOVE &8,400: PRINT"70"

68,500 FRINT"90" : MOVE S6,5600: FRINT"110": MOVE S&,700: PRINT" 130"
I44,200: FRINT"O" :MOVE 312,300:FRINT"730": MOVE 296, 400:FPRINT"1500"
296,500: FRINT"2250" : MOVE 256,600 PRINT"I000" :MOVE 296,700: PRINT"3750"
S94,200: FRINT"O" :MOVE 594,200:FRINT"S":MOVE S72,400: FRINT"10"
572,500: PRINT"15": MOVE S72,400:PRINT"20": MOVE S72,700: FRINT"25"
364,200: PRINT"0" : MOVE 832,300: FRINTY200" s MOVE 832,400: FRINT"400"
832,500: PRINT" 400" : MOVE 332,400:PRINT"S00" : MOVE B1ls,700: PRINT"1000"
1124,200: PRINT"O":MOVE 1124,300:PRINT"2":MOVE 1124,400:PRINT"4"
1128, 500: FRINT 6" :MOVE 1124,600: PRINT"2":MOVE 1108,700: PRINT"10"

REM Construction of Scale Markers on axis
XI=120
1330 FOR I=1 TD S

b 3 S

1 GOTO 1560

XI=XI1+25&0

1560 YI=200:MOVE X1,YI:DRAW XI,YI+SO0:YINC=Y]
1570 FOR K=1 TO &

1580 XSC=XI-10

IF k=1 BOTO 1610

YINC=

YINC+100

1610 MOVE XI,YINC:DRAW XSC,YINC

1620 NEXT K

1620 NEXT I

1540 FASS=1:MOVE 100,100

1450 VDUS:PRINT "To Return to MENU,enter ‘M’ and then WAIT":YDU4

1660 REM Accessing Data Capture routine for next package of data

1670 BOSUB 2130 '

IF FPASS=1 THEN 1730 ,

1570 REM Deletion of previous data from display

1700 GCOL ©,0:MOVE 0,B804:FRINT STILLT:MOVE 258,304:FPRINT ADREM:MOVE 518,804
1710 PRINT RTIME:MOVE 77B,804:PRINT WETSOL:MOVE 1020,B04:FRINT VISC: XB=130:YB=2

1580

0

1720 REM Assigning new values to the variables
1720 STILLT=FROVAL (1)

1740 ADREM=(INT (FROVAL (2)%#20.04)) /10

1750 WETSOL=0.0:VISC=5.5:RTIME=15.7

1760 IF STILLT»>=30 THEN T=(STILLT-30) ELSE T=0
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A=500

REM Calculation of heights of bar charts

¥i1i=(T/100) %A Y (2)=(ADREM/I7S0) #A: Y () =(RTIME/25) #A: ¥ (3) = (WETSOL/ 1000 ) *A:
VISC/10) #A

REM Deletion of previous bars from display

XB=1T0:YB=200: GCOL ©,0

FOR J=1 TO S

IF J=1 THEN 18S0

LB=XB+240

IF ¥Y(I)<OVIEd) THEN

MOVE XB,Y(J):MOVE XB+40,Y (J):PLOT 85,XB+40,0V(J):sMOVE XB,OV(J):PLOT BS,XE,

ELSE

NEXT J

REM Shading i1n of new bars on display

GCOL 0,1

AB=130: YE=200

FOR J=1 TO S

IF J=1 GOTO 19350

AE=XB+260

MOVE XB,YB:MOVE XB+40,YB:PLOT B85, XB+40,YB+Y (J)
MOVE XB,YB+Y(J):PLOT 85,XB,YE:DRAW XB,YB

OV IJI=Y(J)

NEXT J

REM Frinting of new data values on display
GCOL ©,1:VYDU S5:MOVE ©,B04:PRINT STILLT

MOVE 238,804:FPRINT ADREM:MOVE 518,804:FRINT RTIME:MOVE 778,804:FRINT WETSO

REM Check to see 1f change in menu 1s regquired

MOVE 1020,804:PRINT VISC:MENUS=INKEYS(S0): IF MENU$="M" THEN 2060
REM Return to wait for next data package f
GOTO 1&70

RSYNC=1: RETURN

REM

REM

REM

REM Subroutine for Data Capture and assembly of process values
REM

REM Systen setting to receive data through R5423 port

*FX2,2

*FX7,4

*FX2,1

#FX3,4

#FX21 ;1

REM Collection of ASCII coded characters for assembly into process
REM values

FOR J=1 TO 12

INFUT CLEN

FOR 1I=1 TO CLEN

INPUT X (1)

NEXT I

IF CLEN=1 THEN X{(2)=0 ELSE GOTO 2270

GOTO 2310

IF CLEN=2 THEN 2310

IF CLEN=3 THEM 2330

IF CLEN=4 THEN 2350

IF CLEN=S THEN 2370

PROVAL (J)=X(1}+X(2) /10

REM Assembly of characters into single process values

Fl=10%X (1) :PROVAL (J)=P1+X (2) +X (T} /10
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2340 GOTO 2380

2750 P1=100#X(1):P2=10#X(2) : PROVAL (J)=F L+F2+X (3)+X (4) /10
2260 BOTO 2380

2I70 F1=1000%X (1) :P2=100%X(2) : F3=10#X (J) : PROVAL «J) =F1+PZ2+P3+X (4) +X (5) /10
2380 NEXT J

2TF0 *FX2,2

2400 *FX3,4

2410 REM Dummy value used for viscosity while problems occur with
2420 REM Viscaometer

2430 REVISC=2.0

2440 REM Test to see if 10 minsg. passed since data last stored on disc
2450 IF SFIL=0 THEM GOTO 2480

24560 IF CH1=100 THEN BOTO 2600 ELSE CHi=CH1+1

2470 30TO 2780

24B0 REM MAKE NEW DATA FILE

2490 NGR=1

2300 SFIL=1

2510 D=0FEMUF "DATARELC"

2520 PTRED=O

2530 PRINTED,NGR

2240 PRINTED,FROVAL(Z) ,FROVAL (1) ,REVISEC

2550 FP=FTRLD

2540 CLOSEED

2570 V=1

2580 OFAD(1)=PROVAL(2):VISCRE(1)=2Z,: TEMPS (1) =FROVAL (2)

2570 BOTD 2760

2&00 REM UFPDATE DATA FILE

2610 D=0OFEMIM "DATAREC"

2620 PTRED=0Q

2630 INFUTED,NGR

2540 NGR=NGR+1

2550 CLOSEED

26560 D=DFENUF "DATAREC"

2670 PRINTED,NGR

2680 PTRED=FF

2690 PRINTED,FROVAL(2) ,FROVAL (1) ,REVISC

2700 FP=FTRED :

2710 CLOSEED

V=41

OFAD (Vi =PROVAL (2} : TEMFS (V) =FROVAL (1) : VISCRE (V) =2,

2740 CH1=1

2730 REM End of Bar Chart display subroutine

27460 RETURN

2770 REM

2780 REM

2790 REM

2800 REM Trend Display to indicate the rate of A.D. Removal
2810 REM

2820 REM Goto subroutine to construct X and Y awxis

2830 GOSUBR 2150

2840 REM Printing of scale values on axis

2850 VDU S:MOVE 71,11S5:PRINT "Q":MOVE 39,295:PRINT"7O0"
28460 MOVE 23,475:FPRINT"1400":MOVE 23,855:PRINT"2100":MOVE 23,835:PRINT"2800"
2870 MOVE 2T,101S5:FRINT "IS00":MOVE 10,5%0:PRINT"ADOFF":MOVE 26,5S0:PRINT"KG":M
WVE J25,;950

2880 PRINT"VARIATION IN THE A.D. REMOVED"

2890 MOVE 320,920

2900 PRINT" M

2910 FPO1=100

2920 REM Plotting of historical data
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FOR I=1 TO ¥

Y= (OFAD (1) *700/3800) «2,004+100

PLOT &9,PO1,Y

FO1=FO1+12+2/%

NEXT T

REM fccess Data Capture routine for latest values

BOSUB 2130

REM Flotting of latest data values

Y=PROVAL (2) *700/3500%2. 004+ 100

FOSIT=FD1+(10%1100) / (2T*60%40)

FL.OT &9,FOSIT,Y

FO1=FOSIT

MENUS=INKEY#$ (0)

REM Test to see if a change of display 1s reguired

IF MENUS="M" THEN 30320

BOTO 2970

REYNC=1:RETURN

REM

REM

REM

REM Subroutine to construct X and ¥ axis

REM

MODEG

VEU 19.1,2303

MOVE 100,1000:DRAW 100,100: DRAW 1200,100:XI=100:¥I=1000:MOVE XI,¥YI
FOR I=1 TO 11:DRAW XI~-10,YI:YI=YI-F0:MDVE XI,YI:NEXT I

MOVE 100,100:X1I=100:¥YI=100

FOR I=1 TO 2&6:DRAW XI,YI-10:XI=XI1+44:MOVE XI,YI:NEXT I

VYDUS:MOVE 95,75:FPRINT"O":MOVE J15,7S:PRINT "S":MOVE S25,7S5:PRINT"10O"
MOVE 745,78:PRINT "1S5":MOVE S&65,75:iPRINT "20":MOVE 1185,7S:PRINT "25"
RETURN

REM

REM

REM

REM Subroutine to display a trend graph of viscosity rise

REM

REM Goto subroutine to construct axis

E0SUR I150

REM Addition of scale values to axis

VDU S:MOVE 71,11S5:PRINT"O":MOVE 71,295:FPRINT"4":MOVE 71,475:PRINT "8"
MOVE S5,63%:FPRINT"12":MOVE S55,875:FRINT"14":MOVE 35,1015:PRINT "20¢
MOVE 10,390:PRINT"VISC. "1MOVE 10,350: FRINT"POISE" :MOVE T25,950
PRINT"VARIATION IN THE RESIM VISCOSITY"

MOVE 320,920

Fj-R I NT "w "

REM Displaying of historical data values

D PG1=100

FOR I=1 7O V
Y=VISCRE(I)#900/20+100
PLOT &9,F01,Y
PO1=PD1+12+2/9

"NEXT I

REM Accessing data capture routine for latest values
G508UB 2130

REM Displaying of latest values

¥=REVISC#700/20+100

FOSIT=FO1+ (10#1100) / (25%&0%60)

PLOT SR.,POSIT.Y

FOL1=POSIT

MENU$=INKEY#$ (0O)
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REM Test to see if a change of display is required

IF MENUS$="M" THEN 3570

SEM Rrturn to display latest data

GOTD T4&0

RSYNC=1:RETURN

REM

REM

REM

REM Subroutine to display the variation of Reactor Temp. with time

REM Calling subroutine to construct X and Y adis

GOSUE T150

REM Addition of scale values to display

VDU S:MOVE 55,115:PRINT"IO":MOVE S55,295:FRINT"SO":MOVE 55,475

FRINT “"70":MOVE S55,455:FPRINT"FO":MOVE 3%,835:PRINT"110":MOVE 39,1015:FRINT
MOVE &20,S50:FPRINT"HOURS":MOVE 10,320:FRINT"TEMF.":MOVE 10,550:PRINT"DEGC" :

IO0VE J25,950

T&80
&30
S700
3710
3720
I7T0
3740
3780
760
3770
3780
37520
F800
=810
3520
SBIO
3840
850
5B&0
3870
t=icial
2870
3700

FRINT"VARIATION IN THE STILL TEMFERATURE"
MOVE 320,720

PRINT" &
REM Display of historical data

FO1=100

FOR I=1 TO ¥

Y=(TEMPS (1)=70) #3200/ 100+-100

PLOT 6%7,P0O1,Y

PO1=FD1+12+2/9

NEXT I

REM Accessing Data Capture package for latest values
BE08UB 2130

REM Display of latest data values
Y=1FROVAL (1) -30) #*3700/100+100
FOSIT=FO1+(10#1100) / (2S*50%#60)

PLOT &49,POSIT,Y

FO1=FOSIT

MENUS=INEKEY$ (0}

REM Test to see if a change of display has been requested
IF MENUS="M" THEN 3900

REM Return to get next set of data

8070 3790

RSYNC=1:RETURN
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FIGURE A3.22 Typical Device Driver

use /dl/detsfile .
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APPENDIX 4
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Table of Solvent Composition

Calibration Settings

Calibration Curves
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TPA OKOMETER

Main Features

Separate optical and electronic sealed modules
Simple adjustment of measuring ranges
Results not influenced by flow velocity

Not influenced by stray light

Wide range of applications

Immediate response

Optional BASEEFA approved purge system

Optional automatic zero adjustment

Principle of Operation

Radiation from the source (UV, Visible or near IR) passes through
a collimating lens and the two beams, which are produced by an
aperture mask, are filtered to provide a suitable wavelength. The
beams are chopped and passed through the sample and reference cells

before being concentrated onto the detector.

The chopping is so arranged that sample, reference and dark levels
are available for the signal processing circuits, where they are
converted to a signal equivalent to the absorbance of the sample.
Output signals in either analogue or digital format are available for

both local and remote display.

Description

The OKOMETER Photometer is used for the continuous measurement
of the concentration of liquids and vapours with absorbtion bands

in the visible, ultraviolet and near IR range.
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Five different types of OKOMETER Photometers are available; all
use two parallel light beams. The types are OKOMETER type 111,
3, 4 for the visible range, OKOMETER type 112 for measuring in
the ultraviolet range and OKOMETER type 115 for the near IR range.
For measurement in the blue, red and near IR range, the light source
of the OKOMETER is a tungsten lamp, and for measuring in the
ultra-violet range, the light source is a low pressure mercury dis-

charge lamp.

Lenses, filters and cell windows for OKOMETER type 111, 4, 5 are

made of glass; types 112, 3 use quartz.

The OKOMETER is housed in two 19" industrial modules which have
been specially designed for use in Zone 1 or in the presence of
corrosive atmospheres.  Optional purge control unit and wall mounting
cabinet are available along with a full range of data processing

modules.
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TECHNICAL DATA

Input
Spans
0-0.01A to 0-2A between 0 and 3A light absorbtion between
254...-2000 nm.
Sample Flow
30 to 60 1/h.
Sample Temperature
10....50°C subject to moisture content.
Qutput

Qutput Signal

0....20mA or 4....20mA into 750 J2 max.

Characteristic

Output linear 0-2 Absorbance units

Settling Time

Preset at 10 s for amplifier, 1 s for cell (excluding sample

tubing).

Error

2% of span max.

Zero Drift

2% of span per week, non-cumulative, max.
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Power Supply

Supply Voltage

110/220/240V + 10% -15%

Supply Frequency

50/60 Hz +4%

Power Consumption

150VA.

Environmental Conditions

Temperature Limits

10°C - 50°C (functional over the range 0°C to 50°C).

Shock Vibration

Low sensitivity to shock and vibration in operation.

Housing
Two 19" modules, protected to IP54 to DIIN 40050 (IEC 144).

An optional wall mounting case protected by IP55).

General

Thermostat

Built-in for optical compartment at s07carere

Mounting
One 19" rack x 4U and one 19" rack x 5U to DIN 41494 (IEC
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297). Optional wall mounting case available TPA 950-00161.

Weight
Electronic module 12 Kg with purge housing.

Optical module 10 Kg with purge housing.
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TPA 110 SERIES

CALIBRATION SHEET FOR

Model TPA
W/O No:
Mains Supply:

112
80288
240 Volts 50 Hz

Serial No: 018502

To Measure:

In the presence of:

0-20% Xylol

n-Butanol

This instrument supplied with:

Measuring Cell Material Stainless Steel
Length 1 mm
Filter Type -
Source Type Pen Ray 285 mm -
wavelength
Detector Type Ultra Violet
Sample Condition Temp. 20°C
Pressure 1007 mb
Flow -
Concentration See Below
Calibration Wire Size -
Wire No =
Output -
Amplifier Setting Gain High 132
Zero 495

Xylol in mA ouput
n-butanol
0 4.0
1 6.0
5 8.0
10 11.00
20 20.00




- 230 -

Figure A4-1 Calibration Curve U-V Analyser
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Figure AL42 Analogue - Digital Conversion Chart
for U-V_Analyser
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LAGRANGE INTERPOLATION FORMULAE

The formula for a polynomial of degree n is expressed as :-

n

ylx) = 1T (x) f (xj)

feo (x - xj) T (xj)

where T = (x - xo) (x - xl) .............. (x - xn)

Tl'(xj) = (xJ - xO} (xj - xl) .......... (x. - xn)
where (xj - xj) is the omitted factor
Thus: f(x) = y(x) + En(x)

En I 1 @™+ Vg
n + 1)I

e.g. For an interpolation polynomial of degree 3

L (X = xi) (X = x2) (X = 33) f(XO)

(x = xp) (x5 = Xg) (x - x5)

y(x)

(x - xo) (x - x2) (x_; Xq)
- (xI - xo) (xl._ xz) {xl - X

f(x.)
3) 1

(x - xo) (x - xl) (x - x3)

+ (x2 ~ xo) (x2 -xI) (x2 - x3) f(}{2)
= x e = x.) (x = %)
(o) 1 2

+ (x3 - xo) (x3 - xl) (x3 - x2) f(x3)
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OUTLINE OF COMPUTER PROGRAM

This program was written so that the signal output from the U-V
analyser could be monitored every six seconds during the charging
operation. The analyser outputs were then converted to actual
xylol contents using an  interpolation method outlined in
this Appendix. On completion of the charging operation the average
xylol composition of the charge was calculated from the discrete

values obtained.

The program is initiated by entering the program name 'UVanalysis',
this automatically loads and runs the procedure. The operation of
the procedure is suspended until it has been informed via a keyboard
command that the Wet n-Butanol pump has been switched on. It
will then proceed to calculate the xylol composition every six seconds,
printing these values onto a logsheet. To terminate this operation
another program name must be entered. 'Pumpoff', which sets-up
a flag indicating that the charging operation has been completed.
The procedure then calculates the average xylol composition of the

charge and prints this value on the logsheet, before terminating itself.

The average value for the xylol composition can then be used as
a basis for adjusting pure solvent charges either manually or by

feeding this value to an appropriate computer program.
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PROCEDURE U-V_ANALYSIS

?

STORE FIXED
VALUES

CALCULATE
CONSTANTS

WET SOLVENT
PUMP ON

OBTAIN A - D
DATA

[PAUSE]

1

CALCULATE

COMPONENT
VALUES

CALCULATE
DISCRETE
XYLOL VALUE

SEND VALUE
TO PRINTER

GET PUMP
FLAG VALUE

IS

NO

wp OF

YES

CALCULATE
AVERAGE XYLOL
COMPOSITION

ND .
VALUE TO
PRINTER
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FROCEDURE uvanalvsis
REM

REM Frocedure to calculate the Werght¥% Xylol in the Wet Solvent

REM

REM using the ocutput from an Ultra-Viclst analyser

REM

REM

REM Definition of the variables and arravs

DIM agii,pl:BYTE

OIM chan: INTEGER

DIM xylo(S00):REAL

DIM of+13BYTE

LIl i: INTEGER

DIM a:REAL

DIM dat: INTEGER

DIM rtimel{é&) tSTRING

& = a

REM Oefinition of A-D channel

chan=12

REM FKnown values for the Lagrange Interpolation routine
A0=4%0.2

%1=9468. 4

#=1748,

#I2=4084.4

y=1,

yl=S,

y2=10.

yo=20,

REM Calculation of constants for interpolation routine
vi={u 0= 1) % (HO0=u2) ® (n0-x3)

V= l=-n0)winl=n2)®{nl=
vas {NZ-u Q) ¥ (n2=n1)*(n2=-
vd= (e T—u0d® (2T=ul) =y

=

REM Aacknowledgement that sclvent s being charged to reactor

1 PRINT "I+ wet solvent pump switched on snter 1"
[NFUT "Solvent pump state ",onoff

IF onoff=1 THEN S

B0TO 1

REM Send analysis data to printer

S OFEN £pl1,"/pS"i1WRITE

REM Access A-D converter to obtain digital value
& OFEN £adl,"/anlg"

PUT £adl,chan

GET £adl,dat

a=dat+348. 4

CLOSE £ad1t

BASE 1

REM Calculation of weight % Xylol in wet solvent
Fl=yO* (a—ul)*(a=-x2)#*(a-xn3) /vl

fl=yl#®(a-n0)* (a=x2)*(a-nI)/v2

f3=yl# la—u0)®la-nl) *{a-u3) /v3
fa=yIe(a-n0)*(a-u1)*(a-x2) /v4

wylol=f1l+f2+f3+f4

rtime(s8)=MID¥ (DATEF,10,5)

FREM Logging of data on printer

FRINT £pl,rtime(s) ,i,xylol,a

REM Accessing flag file to check 1f pump has been switched
OFEN foffl,"flagoff":READ

READ £offl,onoff

CLOSE £offl

off
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aylo(ir)=uyliol

REM Test to see if pump is of+f

[F onoff=0 THEN SO

REM Pause for &00 ticks

SHELL "sleep &00"

i=i+1

REM Return to step & to obtain next value for xylol content
BOTO &

S0 swylol=0

REM Average Xylpl composition for no. of samples

FOR k=! TO i

#ylodl=uylaol+xylolk)

NEXT k

perxylol=uylol/i

FRINT £p1

FRINT £p1,"The percentage #vlol in the Wet Solvent stream is

;3 perxylol
CLOSE £pil
END
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TABLE A4.1 WET SOLVENT COMPOSITIONS
Wt%
Sample | Date Resin | n-Butanol | Water | Xylol | Formal- | Total
No. Type dehyde
1 19.3.85 | 615 56.8 7.9 14.8 6.5 86
(1)
2 19.3.85 | 615 57.5 8.3 14.6 5.5 86
(2)
3 16.4.85 | 615 77.8 o 15.4 2.4 101
4 19.4.85 | 6022 74.8 o2 16.5 2.5 99
5 21.4.85 | 675 74.6 7.4 17.2 3.5 103
6 30.4.85 | 645 72.3 9.5 19.9 2.3 100
7 1.5.85 645 68.9 8.7 22.0 1 100
The compositions of the above solvent samples were determined

using Gas-Liquid Chromatography (GLC).
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DENSITY METER CALIBRATION

Calibration Settings

Us = 40
N = 12
To = 254 400
Ov = 254 400

Temperature Compensation

Temp 0C

14.9
15.8
16.1
16.6
17.0
17.2
17.5
17.9
18.2
18.9
19.9
20.8
22.0
22.8
24.3
24.8
25.5

Density Change =

For Temperature Change

/I = 0.011/10.6

Mechanical Compensation value

800

Span

10V 255 200

Density g/cc

0.836
0.835
0.835
0.834
0.834
0.833
0.833
0.833
0.831
0.831
0.830
0.829
0.828
0.827
0.826
0.826
0.825

0.011 g/cc
10-6°C

-4

10.38%1% " g/cc/’c

10.38 x 0.83 x 1074 = 8.6 x 1074

from the graph of Frequency (T) vs Density the following calibration

curve was obtained.
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Y = 2.00 x 107 x -4.2642

where Y is the fluid density in g/cc

X is the resonant frequency, in Hertz, of the U-tube and

its contents
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Eigure AL-4 Calibration Curve for Density_Meter

0-8300-

0-8280+

0-82 60

0-82401

0-82201

Density glcc

0-8200-
0-8180-

0-8160

O § B‘”IO T T I 1
254400 254600 254800 255000 255200

Frequency Hz

r T T T T T T T T T 1

0C 50 pedr s 390l - S Rl a9 10
Voltage V



«i 241 -

APPENDIX 5

Logsheets - Computer Aided Control Trial Logsheets

- Computer Control Trial Logsheets
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TABLE A5.1 Computer Aided Control Trial Logsheet
Resin Type: &
Date: 21 April 1985

Time Observations

14.30 Charging commenced Formalin and normal-butanol
added to reactor. pH adjusted to 6.3 by addition
of a caustic solution.

16.00 Wet normal-butanol charged to reactor.

Xylol content of wet solvent determined as 17.55%
by in-line Ultra-Violet analysis.

Density of wet solvent charged to reactor =
08377 g/cc by off-line density measurement.

Mass of water added to reactor in wet solvent =
124 kg by manual calculation, Water to be
removed during dehydration stage is 2101 kg and
during acid reaction stage is 2631 kg.

Tank Tare Value = 153 kg.

16.15 Steam switched on to reactor jacket and coils.

16.45 Boiling of vessel contents commenced.

17.00 Prompt generated by computer for Xylol addition at
correct time.

Xylol charge made to reactor.

20.00 Prompt generated by computer for addition of second
Butanol charge. This occured correctly.

21.40 Acid catalyst added to reactor. @ Prompt generated
late for catalyst addition. Observed that
oscillation occured on graphics display for aqueous
distillate tank value, probably reason for late
generation of prompt. Require to smooth tank
weight value.

02.10 Reaction stage completed with 2765 kg of water
removed.

Computer generated prompt at 2630 kg. Again
probably due to oscillation of tank weight value.




TABLE AS5-1 Computer Generated Logsheet

TOF TEM OFF

ITME  slean CoIL.  STILL
FLOW FRESS TEMP
G/ HR BAR DEGE
96.9
6.2
17317 SB9.8 2.1 96.2
17327  Sht, 1 2.1 96.1
T 574.8 2.1 | 961

AR T R TR

A.D. "ALCO  cf.TEMF CR.TEMP
TANKWT

L/HR Kg DEGC DEGC
.0 156.2  14.6 32.6

.0 144.3  15.1 39.4
524. 242.5 15.6 .2
510.8  312.6 2 16.3 32’5
538.6  398.8  17.0 32.8
E25.0  ARL2.9 17.5 42.8
399.3  549.1 17.9 232
399, &55.3 18.4 43.3
E94.3 741.5  18.1 e
615, 88117 thuE - A45.d
E04.7  931.% 15.2 43.9
E56.8  1026.0 14.1 R
SE1.6 11247 140600 a2uI

1200.4 15.4  43.1

e 27 7303 Sl F9.3
'li‘- _'; i l;l'? 2o

My 07 L8708 m. 1 100, 4
20157 637.8 Bel 100. 6
21507 101.3
AT e
T R T e

1867.7 18.0 30.2
490.6 @ 19%1.9 i5.5 0 40,4
E 3 SO 19960 17-57 @ A1B
Adi.a. 20thac0  17.1 At
TTTAB5.6  2152.3  16.0  39.3
T AR%. R 22445 18.2 0 VT
408, 2252.5 14.5 35.6




TABLE AS5-1 Cont.

21137 488.1 3.1 104.6 50.2 89.8 44,2 22884 14.0 34.6
105.3 50,2 S0. 3 368.6 2384.8 13.6 34.0
106.1 50.2 B e e P 3B.7
107.2  50.2 91.3 2%94.0 2491.0 13,2 31.a
108.4  50.2°  92.3  255.8  2601.2 13.0  25.8
109,88  50.0 93. 0 186.7 2629.2 12.8 8.2
“111.3  S50.2 93. 6 193,84 28934 12.86 @ 27.2
112.8 50.2 4.5 15478 TRE65.3 " 19.5 26.1

114.2 90, 2

114.8 50.2

118.0 S0.2 98.8  65.3  2717.8 16.9  20.00
119.1  50.2 99.3 34.5  2765.5 17.2 28,0,
120.0  50.2 TR 2765.5 15.9  26.3
50,2 P41 7 . 2768.5 i8.0 A8
BO2r 1 01s) o0 2755.5 13.8 AZaE
50. 2 10D 1 0 e R P I
6.2 100,68, .0 ZI83.& 19.8 @ 221
50,2 T SR RS- -~ 7 S v e -

s 47

o1:27 105.0 3.1 124.9  50.2 108.4° .0 2857.7 16.5 25.1
7 1082 3.1 1951  50.% 1085 .0 = 2785.6 15.1  23.8

01:47 102

aai= 4 1% = SR,
20156 12.6 20,2
2859.7 12.8 T Sy

2865.7 14.0 14.0




TABLE A5.2
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Computer Aided Control Trial Logsheet

Resin Type:

Date:

B

30 April 1985

Time

Observations

15.40

Charging commenced Formalin and normal-butanol
added to reactor. pH adjusted to 6-1 by addition
of a caustic solution

16.30

Wet butanol charged to reactor.

Xylol content of wet solvent determined as 25:2%
by in-line Ultra-Violet analysis. Probable fault in
analyser.

Density of wet solvent charged to reactor =
0.8360 g/cc by off-line density measurement.
Mass of water added to reactor in wet solvent =
88 kg by manual calculation.

Gives mass of water to be removed during de-
hydration stage as 2050 kg and during acid reaction
stage as 2595 kg.

18.50

Steam switched on to reactor jacket coils.

19.20

Boiling of vessel contents commenced.

19.35

Prompt generated by computer for Xylol addition at
correct time. Charge made to reactor.

22.35

Computer generated prompt at correct time for
addition of second butanol charge.

01.20

Acid catalyst added to reactor. Prompt generated
at correct point for end of dehydration.
Oscillations still occuring on graphics display of
aqueous distillate tank weight.

07.15

Reaction stages completed with 2383 kg water
removed. Predicted value 2596-11 kg. Difference
probably due to assumed value being used for water
to be removed during acid reaction stage for B type
resins.
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TABLE A5:2 Computer Generated Logsheet

TIME  stean COILY SrILL DIST  COLUMN  A.D. ALCD  cf.TEMP  CR. TEMF
1 Ov FRESS TEMP dejC  TOF TEM OFF TANKWT
16 4 HR BAR DEGC DEGE DEGC  L/HR Ka DEGC DEGC
19103  1395.0 =.1 73.1 50.2 55.0 .0 84.2 16.8 171
19:13 350.5 1.5 95. 1 S0 8a. 6 .0 1120900 1701 2% 2
6.3 50.2 90. 7 .0 1Z0.8  17.0 26,2
6. 0 50.2 50. 4 50 95,2 17.4 Jor7 L
19:45 1596.2 3.1 95,7 56,2 0.1 290.3 130.3  17.5 3.5
19:53 1271.7 3.1 95. 6 50.2 50,1 380.9 192.4 17.9 33.7
20:03  1247.0 3.1 95.5 50.2 90, 2 53.5 236.5 18,2 33.8
20:13 122871 .1 55,4 50.2 0.2 100.6 266.5 18,2 ZBIALL
20E08 | 1202.7 3.1 95.4  S50.2 0.3 189.3  282.&6 iB.1 3.3
S 95.3 50.2 90, 4 124.0 T08.6 1B.0 FX g
2opAT ) AP0, T 95,3 50,2 20,5 88.3 X2ENTS aglor L aE0S
20153 {2467 =4 95.4  50.2 50. 6 639  22.7 179 B3N

B15.9  1292.6 16.4 Z0. 1
27: 23 884.1 5.1 96&. 7 50,2 91.1 56905  1810.8 6.1 29.4
DRiA8 BEGL7L . A 6.9 50, 2 91.1 S55.1  1472.9. 158 @ 28.56




TABLE AS-2 (Cont.

756.0 3.1 97.3 50.2 91.4 518.2 1593.2 15.6 i
TT8B2.3 3.1 97.8 50,2 91.8 499.6 1649.3 15.8 27.1
00103 &51.6 3.1 98.3 50.2 92,2 459.6  1757.5 15.7 26.6
593.8 3.1 98,7 50. 2 92.7 406.5  1895.8 15.5 25.9
564.1 3.1 9. 7 50.2 @ 93.3 379.0 1895.8 15.4 25.3
TTUEAR.T | 8.1 100.85 0 50.2 94.0 336.7 1992.0 15.3 74.8
TS S aBb.6 3.1 161.4  50.2  94.7 298.1  1977.% 18.2 @ 8.5
D0z 53 458.4 3.1 102.5 50.2 95.6 267.3 204b.1 15.1 2%.7
Gleos | @23 40 3100 ¢ 10806 S0P 96.5 218.6 2152.3 15.0 23. 1
OLi1% | 401.9 3.1 104.8 50.2 57.5  200.1 2198.4 14.8 22,4
OL32T b4 1.3 105.7  50.2 S 2170.3 14.6 16.4
o7 ol 104.9 50.2  21.0 157.8  2252.5 14.4 20.2
0lsaz | 157-1 2. 105.1 50,2 B9.5 [75.6 2252.5 18.1  19.1
01:53  14%9.0 2.1 105.8 S0.2 89.72 177.8  2280.& 13.8 1805
17,6 2.1 1D&.7  S5D.2 89.4 = 1a5.2 2%00.4 13.3 5
12885 2. 107.6  50.2 0.0 TS 00 AR T R e

L 763 1 6.8 79«6 #55 | 11%.3 50,2 955 .0 T2509.0 13.7 16.7

250%9.0 13.6

04z 23 55, 4 e 117.5 50.2 99. 0 L0 2537.1 13.0 15.3
R e T R i VR T T e 58,3 W "Z4B7.0 12.7 i5.0




TABLE AS5-2 C(Cont.

B4 4% 48. 8 S 118.5 50.2 58. 4 .0 24681.0 12.5 14.6
04:5%  4B.1 SR 118.9  50.2 99.0 .0 2541.1 12.2 14,2
05103 49.9 2.1 119.3  50.2 59.6 .0 2573.4 12.4 14.4
5113 44.4 2.1 119.6 50,2 100.2 .0 629.2 12.6 13.5
55T AT %3 120.0  50.2 100.8 .0 2499.0 12.4 14.4
05: 33 43.3 2.1 120,30 50,2 101.1 .0 2523.0 11.9  13.8
oEzAs 40,4 2. 120.5  50.2 TR S 2491.0 11.8 13.6
120.7 50.2 101.8 .0 23499.0 13.5 15.2
120.9 50,2 12,00 .0 2573.1 15.1 170
121.10 S0.2 161.5 .0 2567.1 15.3 18.3
121.3  50.2 a2 T TaT FRBN0] 17.R A5.4
121.5 S0.2 U e R 2563.2 15.6 17.5
120.7  50.2 9.2 L0 2545,1 14.3 1a:80

3.8 112.1 50.2 B87.6

P 19.8 J.8 101.6 S0.2 6B8.7 S50.5 b 4 0 | TR 12.3

QAT

T Ba.a 58.6 5.b Ja83.0 11.8 447
OHIOS | NaB | BB . 77k 50.2 S6.6 SO T aEaR et ioT Ndsk |

O TR 50. 2 5&. 4 .0 2507.0

ZoO 0 FE.y | B0.2 | 55 4520.1 24%97.0 2.2 AT
T e R S B8R 3T  sa9 0 270 S8l =~ oAr9.0 1Z.00 d8.&

50.2 77.4 I6. 4 20852 11.9 16.5
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TABLE A5.3 Computer Aided Control Trial Logsheets
Resin Type: C
Date: 1 May 1987

Time Observations

18.30 Charging commenced with Formalin and normal-
butanol added to reactor. pH adjusted using caustic
soda solution.

19.40 Wet normal-butanol charged to reactor.

Xylol content of wet solvent assumed to be 15:5%
due to apparent failure of U-V analyser.

Density of wet solvent charged to reactor =
0.8400 g/cc by off-line density measurement.

Mass of water added to reactor in wet solvent =
123 kg by manual calculation.

Mass of water to be removed during dehydration
stage is 2100 kg and total mass off at end of acid
reaction stage is 2630 kg.

Tank Tare Value = 11 kg.

19.55 Steam switched on.

20.25 Boiling of vessel contents commenced.

20.40 Prompt for Xylol addition made at correct time.
Xylol charge made to reactor.

23.40 Second normal butanol charged to reactor. Prompt
not generated by computer.

00.05 Prompt generated by computer for second normal
butanol charge. 25 minutes late. Possible
software fault or difficulty in accessing flag files.

00.45 Computer prompt generated for addition of acid
catalyst.

01.10 Acid catalyst added to reactor.
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TABLE A5.3 Continued

Time

Observations

06.00

Reaction stage completed with 2397 kg of water
removed. Predicted value 2630 kg. Difference
due to assumed value being used for water produced
during acid reaction stage for B type resins.
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TABLE A5-3 Computer Generated Logsheet

1 IME stean [MRp Y STILL D187 COLUMN A.D. AaLco cf. TEMFP CR.TEMP
FLOW FRESS TEMP deglC TOP TEM QFF FANEWT
G/ HR Fisk DEGE DEGC DEGC L/HR g DEGC DEGC

20108 1343.2 3.2 86.5 50.2 e 92,2 12.2 12,2
T R i e e e 92.6 50, 2 60.9 ) 94,2 12.0 13.0
20128 200.7 1.0 6.1 S0.2 50. 3 .0 106.2 12.9 19.9
TTI9B.% 1.0 95,9 50,2 o PR 2aI=E 0
20144  978.4 3.1 @5.4 5003 89.9  S68.7 170.3  13.5 3705 7T
20:54 962.6 3.0 95.3  50.2 50.0 588.7 256.5  13.1 S
21108 1097.7 3.4 5.3 56,2 20. 1 606.9  34B.7  13.2 26.7
B81.5 3.1 95.3 50.2 90, 2 5868.0  430.9 13,3 25.8
""""""""" 816.9 3.1 95.3 50, 2 90.4 §91.0 ©35.1  13.7 26.9
T SR 95, 3 50,2 90.5 565.8 " G37i8 @ 4.4 26.8
21:44 866.9 3.1 95.4  50.2 50. 6 5687.3  739.5  13.9 ST
0.2 90. 6 597.6 B17.6  13.7 2FI0
50.2 90.7 1021.2° e89.8 13.6 Era

22184 Bzs, D 95 . & 50,2 90.7 782.5  1002.0

"T90.8  537.9% 1108.2

90,8 558.7 2 1178.4
90.8 S87.2 1264.5 13.6  os5.5
27 54 708, 7 A 95l O Ba.@ . 90.8  Sar.i asra

00: 54 : : 50.2 54,5 18.2 2032.1 12.4  Zo0.8




TABLE A5-3  Cont.

Oz 44 408. 8 =S | 102.8 00,2 95.7 -0 20868.2 12.9 20.8

00: 54 ZB7.9 e | 10Z2.9 S0, 2 6.6 0 20946.2 13.1 20.6

01:04 357.5 3.1 105.0 =90.2 7.5 .0 2150.3 13.2 20.4

01:14 1649.2 Bt 104.5 B0.2 ?1.9 «0 2198.4 13.2 1941

01: 24 160.7 2.1 1604.0  50.2 89.4 L0 2230.5 13.1 18.3
o T e R 104.5  50.2 8%9.0 L0 2024.%  13.0 17.8

O1: a4 e 105.3 50,2 88.9 L0 2284.6 13.0 17.6

01:54 129.9 2.1 166.1  S0.2 89.1 .0 2312.6 12.9 17

07:08  1284.0 2.1 107.0 50,2 H89.4 ) 2360.7 12.8 146.9

114.7 291 107.7 S50.2 0.1 -0 2358.7 12.7 16506

TR RO R Lk 108.9  50.2 91.1 .0 2358.7  12.7 16.73

023

7.6 L | 109.9 S0.2 FR-2 -0 243T8.9 12, o

02 44 83.2 B 110.8  50.2 53,2 i 2398.8 12.0 F
02:54  BA4.B b ¥ e 50. 2 BER 20 2318.8 11.9 14,9

T B0.0 | 2.4 T1iz2.6 50.2 94,5 J6 T 2aEAle TiziE T ibat
T I R 11305 8sb.2  95.6 @ .0 2402.8 12.5 15.0
ST TS S o “113.5 Do.2 S R T e 5.8

04: 08  G&.9 AT 11l6.6 50.2 98.72 L0 5581, 1%, 15.5

DAz 14 6l.3 2.1 116.5 50.2 90, 4 L0 2509.0 13.6 13.7




TABLE A5-3  Cont.

D5z 44 A43.7

243

05:54  41.5 2.1

12004, im0 YO0 7 D 2587.2 13.8 15.8
126.%  G0.2 101,22 L6 e e T = 15.8

Gh: 04 41.8 2.1

101.4 -0

120.9

Obi 34 37.8 FER 1410 50,0 i01.8 .0 837,11 13.4 15.3

DEiAK~ CERE . . f21.2° =50.2 161.9 .0 2E37.8 13.6 15.5
Onrsa | B.1 3.8 119.8 80.2  100.2 .0 2455.0 13.7 1308

07:04 9.5 3.8 109.0 50.2 83.8 .0 26279,.2 14.0 14.1

T AR, S S i - 50.2 b6, 4 L0 2637.3 14.2 18.3:
P I Y e 50.2  55.0 L0 35271 14.2  14.3
oy IR TR 83.5 50. 2 55.4 11.9 PESRTAT THALY o adga
Oriat o0 a7 Ew §50.2° & Sh.2 @ 130.7 254F.1 14.3 14.3
Mragd ST ET By Ti. 6 50.2 55.1 95.0  28%25.0, 14.7  14.8,
TR SR R e e 7.6 S50.2 582 .0 2527.0 44.5 G

07:14 8.4

09: 24 PR

1.2 S0, 2 By o 655,53 1.2 14.4
91,1 S0.2 e R Y REDL. 20 Aas1 | a2
e BEag T R R G R

0te ad 2.6 3.8 Q0.5 50.2

07:5a 8.1 50, 2

10:04  H5.5 T REa | S0.0 | Frad4n wor . Pey

e i AR e T 50. 2

10124 TN 81.% 50. 2

{oeZa 1 .0 may 74.6 50,2 58. 3 L0 DRES.L IAL00 L 144
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TABLE A5.4 Computer Control Trial Logsheet
Resin Type: &
Date 13 February 1986

Time Observations

21.15 Procedure begin loaded and operation started
Procedures steamset and coltop loaded automatically
and operating.

Prompt generated to request resin selection, Type C
selected, raw material requirements displayed.

Dry charge selected and all flag files created and
initialised.

22.45 Procedure dry loaded and operation begun.

AD Tare wt calculated to be 146 kg.

Raw material charge quantities requested and
entered.

Water to be removed during dehydration stage
including tare value calculated as 2256 kg and total
water off to end of acid reaction stage calculated
as 2786 kg.

Flag files for steam on and charging have had
values altered.

Procedures opfiles and data logs loaded and operating.
procedure prodat, still-log and transfer loaded
automatically by procedure datalogs.

22.55 Steam Pressure set to 3 bar

23.05 Set point controllers set to remote operation.

23.30 Procedure inout loaded and operation started.
Procedure addxylol loaded and operated automatically
from inout.

23.32 Prompt generated to request acknowledgement when
boiling occurs.

Reactor steam pressure set at 0.5 bar.

23.40 Boiling of reactor contents commenced.
On set of boiling acknowledged.

23:99 Xylol addition prompt generated. Xylol charge
made to reactor,
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TABLE AS5.4 Continued

23.59 Procedure buoh2add loaded automatically and
operating after acknowledgement for Xylol charging
complete.

00.00 Steam pressure raised to 3 bar.

02.55 Prompt generated for butanol(2) addition.

03.00 Procedure acatad loaded automatically and operating
after acknowlegement for butanol(2) charge
completion made.

05.51 Steam pressure dropped to 0.5 bar at end of
dehydration stage.

Acid catalst added.

06.09 Procedure acidreact loaded automatically and
operating after addition of acid catalyst.

Steam pressure set at 2 bar and column top
temperature set to 92°C.

06.15 Control process ended ready for vac stripping.

Probably due to electrical spike affecting value for
aqueous distillate tank weight.




TABLE AS5-4

256

Computer Generated Logsheet

TIME  STEAM COIL  STILL DIST  COLUMN  A.D. ALCOD  CF.TEMF CR. TEMF
FLOW FRESS TEMP degC  TOFP TEM OFF TANKWT
1.6 /HR BAR DEGC DEGC DEGC  L/HR Kq DEGE DEGC
22:42 L0 3.6 30.2 10.6 55.0 .0 154.3 9.8 7.4
Steam Pressure set at 3 bar at 22:43
32:52 .o 3.6 30.0 10.5  S5.0 L0 156.3 8.7 8.4
23102 14%96.4 2.9 6.7 16.4 55.0 J0° 0 ABAE J.7 i Y
23112 iZ34.8 2.9 64.8 10.3 55.0 .0 126.3 8.0 7.6
Steam pr'essur;u;et at 0.5 bar at 23:20
Fnee | ThLaf. .8 91.7  10.8 85.7 .0 182.4 8.8 15,9
23:32 76.0 .5 94.0 11.0 $2.3 .0 176.4 9.4 14,2
23142 T s 93.8 11.6 92,4 .0 190.4  10.3 13.7
Steam Pressure seb at & bar at 23:48 T
23:52 1237.5 3.0 21.9 ti i 90.5 82207 21ai% il 275
"""""""""""""""""""""""" olilgT 183 0. 6 81.7 268.5 11.7 SFLL
T81.9 17.6 90. 7 R T S

701.4

91.2 397.9  763.5  B.5 23,0
91.% 71,5 845.7 B.2 | 92.8
91.8 1%.0 91.3 687.1 889.8 8.0 21.1
91.3 .0 933.9 7.8 21.8
51.3 539.0  1o0D.0. 7.7 Sy e
91.4 S8%.7 1052.1 8.9 @ 22,1
83.4 0 150,35 S.9°  ti.d4
91.3 235.7 1190.4 11,1 25,3
a9, L AT A e



TABLE AS5:4 Cont.

03312 260.8 2.9 93. 1 16.3 91.5 369.4 1308.6 10.6  24.5
03: 22 1001.5 3.2 93.3 15.7 91.6 L0 1372.7 10.0 23.1
03122 10104 3.2 Zih @ 15.2 91.8  143.7 1440.9 9.6 2322
03:42  893.6 3.1 93.9 14.9 92.0 .0 1589.2 9.0 22.7
03:52 870.5 3.1 53,2 13.4 92.4 8531.6 1647.3 8.5 21.9
04z 02 814.4 3.1 94,8 13.7 92.7 a77.4 1837.3 8.1 20.8"
DAVEE 7705 S 95. 4 12.4 z.4 334.3 1721.4 8.2 20.%3
04122  728.5 B.1 Gh.2 18.2 94.0  374.2 1883.8 9.4 20.8
04 %R TOlLE 3.1 9.0 14.9 94.8 351.9 1973.9 10.2 21.2
Od 42 A80.8 =i 58. 0 15.3 95. 6 321.1  2006.0 10.9 21.4
o4:52 611.88 3.1 98.9 15.6 %95.5 262.8 2010.0 11.4 21.3
05:02  564.4 3.1 106.0  15.8 57.4 200.1  2088.2 11.7 24,3
foi.1  1%5.9 58. 4 197.1 2142.3 11.9 21.2
102.1 45.1 99,3 155.7  2125.2 11.4 19.9
103.1 13.7 100.2 124.7 2198.4 9.7 fH- 0
103.6 11.8 {05.8 ika.0 @ 2i74.2 B9 @ 1E.0
""""""""""""""""""""""" 0.5 bar at 05:51 SRy “F 1S
104.5 12.2 101.5 67.2 Zi58.4 8.6 =@ 16.3
Column fop lTemperature set at 05:56 Set value =90 degC
Steam Pressure set at 2 bar at 05:3&

QEEQL"EwiEEE&J"SE?"EE'Ewait Solvent Stripping at 05?5@

Farmalin(litres) 2738.0

Butanocl (1} (litres) 3050, 0
Butanol (2) (litres) 726.0
Isu-Butanol (1) (litres) .0
lso-Butanol (2) (litres) 0

Wet Butanol (1) (1ikres) ]

Wil Jso-Bubtanaol (1) (litres) « 0
dvlol (litres) 415.0

ficid Catal yst (litres) I500,0
bl foam Soln (ml) 1075.0

Mel amine (lg) O




TABLE AS5.5
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Computer Control Trial Logsheet

Resin Type:

Date

B

25 February 1986

Time

Observation

09.03

Procedure begin loaded and operation started.
Resin Type B selected as dry charge. Procedures
steamset and coltop loaded automatically and
operation started.

All flag files created and initialised.

09.08

Procedure dry loaded and operating correctly.
Charging commenced.

AD tank tare weight determined as 109 kg.

Water to be removed by end of dehydration stage
calculated as 2257 kg including tare weight of tank.
Water to be removed by end of acid reaction stage
calculated as 2807 kg including tare weight of tank.

10.07

Charge completion acknowledg ed.

Steam pressure automatically adjusted to 3 bar.
Procedure prodat, still-log and transfer loaded and
operating correctly.

10.15

Procedure inout loaded and operating.
Procedure addxylol loaded automatically.

10.48

Prompt operated to check for boiling.
Pressure dropped to 0+5 bar.

11.02

Acknowlegment made on commencement of boiling
of reactor contents.

11.17

Prompt generated for addition of Xylol to reactor,

11.20

Charging of Xylol completed.

11.21

Procedure buoh2add loaded and operating.
Steam pressure set at 3 bar.

14.27

Prompt generated for addition of second butanol
charge to reactor, Charge made and acknowledged.




- 259 -

TABLE A5.5 Continued

14.18 Procedure adacat loaded automatically and operating

15.58 Pressure dropped to 0.5 bar,
Mass of Aqueous Distillate removed = 22054 kg.
Temperature of reactor contents = 103.1 C.

16.03 Prompt generated for acid catalyst addition and
acknowledgement made when addition made.

16.09 Procedure acidreact loaded automatically and
operating.
Steam pressure set at 2 bar. S
Column top temperature controller set to 92 C.

21.45 Required amount of aqueous distillate removed,
steam switched off to await vacuum stripping
operation.  Still appears to be small oscillation on
aqueous distillate tank weight value.
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TABLE AS5-5 Computer Generated Logsheet

Resin Type — BE&45 Batch no. - 410 Shift - A

Charging commenced at - 0%:08

Formalin - 2738. litres .

Formalin water content - 5261

Density of Formalin - 1.1228 Kg/M3

A.D. Tank Tare Value -~ 109.41B4 Kg
n—Butanol (1) charged - 3050. litres
Melamine charged - 1075. Kg

Water content of charge - 1617.35051 kg
Water off during dehydration - 2256.76891 kg

Water off during dcid Reaction - 2B06.76891 Kg



TABLE AS5-5

Cont.

261

TIME  STEAM COIL  STILL DIST  COLUMN  A.D. ALCD  CF.TEMP CR.TEMP
FL.OW FRESS TEMP degC  TOP TEM OFF TANEWT
KG/HR BAR DEGE DEGC DEGC  L/HR kg DEGC DEGC
16:11 L0 3.5 4.1 1251 55.0 .0 1272 1t 11,0
Steam Pressure set al 3 bar at 10512 = 3
10:21 = .0 5 3.3 12,1 55.0 e 108.2 11.4 11.2
10831 1319.9 2.8 k.8 1300 55.0 .0 12000  di.2 T
10141  140B.2 2.9 59.6 123 55.0 .0 82.2 11.0 10.9
Steam Fressure set at 0.5 bar at 10:48
12.3 55.0 .0 102.2  10.9 10.7
12.9 92.4 L0 PR 110 156.5
12.0 9z.8 .0 148.3  11.5 16.1
H2UE otin =0 166.5 @ 11.9 1z.8
Steam Fressure set at 3 bar at 11:22
11231 1050.4 3.1  94.2 16.9  91.0 200 208.5  12.9 @ 24.84
a1l - ioFH.2 S0 95.1 25.9  92.1  1590.1 400.8 14.9  @7®
11:51 1015.5 2.9 54.8 2%5.6'  92.%  200.0 &L07.2 15.4 3.7
12301  {088.2 3.1  93.7 21.4 92.1

945.9

3.0 Bos Bib.n R2u00 0 NEEL 1086.1 10.7 o5.2

604.0 1152.3 12.4 YRR

510.%  1366.8 1.8 ) zB8.2

589.5 1388.7 15.0 9.5

505.4  1460.9 14.6  28.7

18938 875, ¢ 3.1 93.9 18.5 92.3 877.2  1547.1 13.1  28.9

13:41 873.8 3.1 94.2  17.0  92.5  Be9.1  1567.% 11.9 5.2

T e T 92.8 535.7  1693.4 11.3 2u.3

14:01 780.6 3.1 95.0 15.9 93. 1 354.8 1813.6 11.4 2% 7
14381 7S84, St 95.5 17.5 93.5 425.1° 1871.7 13.1 25.0

13121 792.0 3.1 95.9 16.9 92.9 301.3 1513.8 14.4 23,5
14:31 O 97.5 19.9 95. 4 337.4 1941.9 15.3 26.9

1 dt 0 ey =4 98.4  1B8.8 96,2 311.4 2014.0 14.0  25.4
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14:51 861.7 3.1 991 17.6 96.9 270.6  2090.2 12.8 23.8
15:01  899.3 2.9 100.0 14.3 57.7 @ 210.5  2096.2 12.0  21.9
15:11 288.1 2.0 100.7  14.7 98.3 113.0 2152.3 11.3 18.9
15121 247.0 2.0 to1.1 15.1 98. 6 99, 1 2198.4 12.3 18.9
15731 227.2 1.9 101.6 15.8 99.0 95.8 2178.3 13.3 19.5
15:41 25006 1.9 to2.2  17.4 9%9.5  77.& 2230.5 14.9 214
15:51 205.5 1.9 109.7 7.2 100.0 71.3 5L T U e 20.6

Steam Fressure set at 0.5 bar at 15:57

1h:01 .4 .5 102.9 14.7 1600 %: LD 2308.6 13.3 15.9

Culurni-{_?up Temperature set at 16:0% Set value =90 degC

Steam Pressure set at 2 bar at 163109

RS 260.2 2.0 101.1 14.5 1.8 132.9 2242.5 12.9 18.3

16:21 980, 7 2. 57.4 13.5 BY. 4 236.5 2270.5 11.8 igie

io1.1 @ 159 89.4 918.7 2326.5 11.4 18. 0

90.0  80.9 PREE.5 127 16:9

90. 4 78.7 2837.3 14.0 18.0

182114 ooz 2o 109.6  16.4 91.2 65,3 2639.3 15.1 18.9
. T106.1 2.3 109.6 14.9 9.1 .0 PEE7LE RSy @ t6070
92.6 | SB.3  2615.2 12.3  15.8

10: 41 87,7 2.0 b62.2 18l o 39.7 gaar s 11,2 0 4. T
1881 e1.g @ 2.0 &2.1 12.9 5.8 B4.5 271l.A  11.9 @ 14.9

13.6 95.9 L0 2715.4 12.7 15.5

1990 Ae.3 2.1 53.5 14,2 97.1 50T LEIR. X Ix 8 16.3

19121 52,4 2.0 114.7 14.8 96.7 L0 272%9.4 14.1 16.9

192381 | 6b&.1 | 2.1 &2.1 14.5 103.0 .0 2765.5 14.8 16.7

17:41 60.6 e 62.7 15.0 7LD -0 2747.5 14.0 16.8
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TABLE A5:5  Cont,

19:51 55.8 2.1 115.6 13,7 98. 1 .0 T2711.4 12.6 15.3
20:01 53.2 - 63,1 12.6  98.9 21.5 2715.4 11.5 14.1
2011 50,3 2.0 11647 137 99.4 L0 2765.5 10.7 139
0520 - AID Zod 116:8 @ 12:0 59,7 S0 2821.6 11.4 1Z.7
2051 A4.B 2.0 ii7.10 5.3 100.0  20.4 2765.5 12.8 15.1
2oTaL - AL.% - Snq 7.3 4.7 100.1 .0 2747.5 14,3 16.6
20:51  39.6 2 117:6 15.7 100.3 .0 2765.5 15.4 7.7
TiveT L ET.Y e 117.8  14.4 100.6 .0 2739.5 13.5 15.9
__________________ 2.0 117.9 12.9 100.9 .0 2821.6 11.9 14,2
2.0 fig.t 1.0 TOTT2 . 2745.5 4t.1 152
2.1 118.3 12.8 101.4 .0 7729.4 1%2.4 14.5
2.1 118.4 14.0 101.4 .0 2753.5 13.5 15.7

Steam switched off to await Solvent Stripping at 21:47




TABLE A5:5 Cont

Formalin(litres) 2738.0
Butanol (1) (litres) I0S0.0
Butanol (2) (litres) 726.0
Iso-Butanol (1) (litres) .0
lsp-Butanol (2} (litres) «
Vet Bukanol (1) (litres) 0
Wet lso-Butanol (1) (litres) -0
Xylal (litres) 415,0

Acid Catalyst (lilres) 4.5
Antifoam Soln (ml) 5@@.0
Melamine (kg) 1075.0

Urea (Kg)l -

264
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APPENDIX 6

Computer and Software Operating Procedure
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SOFTWARE OPERATING PROCEDURE

Load System Disc in Drive A.
Load Data Disc in Drive B.
Reset system by pressing reset button on front of computer.

Enter begin‘] via the keyboard.

You will then be prompted to enter the resin type to be
selected for manufacture, this should be entered in the form
BEXXXX

A menu table will then be displayed giving charge quantities
for dry and wet type batches. The appropriate code should
be entered for the batch type selected. Once this has been
done the necessary data files are created on the disc in

Drive B.

Enter either dry ___Ior wetj depending on which batch type
has been selected for the chosen resin. Prompts are then
generated listing the charges to be made and acknowledgement
of the charge completion is by entering the quantity charged
at the prompt.

When the charging has finished all the necessary flag files

are created and initialised.
Load program disc in Drive O on BBC Computer.

Enter 'Load Graphics‘.:l ;



10.
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Enter Run .]the graphics program is now operating on the

BBC computer.

Enter datalogs ;lon SEED computer. This loads and begins

the operation of the data logging procedures.

Enter inoutj - This procedure carries out monitoring of
flég files and initiates procedures automatically at the various
stages of the process. The operator should follow the
prompts generated by the computer and make the appropriate
acknowledgements when requested. The program  will

terminate the process at the correct time.
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APPENDIX 7

Table of Steps for Vacuum Stripping Resin
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TABLE A7.1 Table of Steps for Vacuum Stripping Resin
Step Time Time Step | Vacuum Vacuum Step
No. Secs. Secs. mm/ Hg mm/Hg
0 0 0 760 0
1 240 240 560 200
2 600 360 500 60
3 1200 600 300 200
4 1800 600 200 100
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APPENDIX 8

Digital - Analogue Converter Configuration



N

SEED DA-1 INSTRUCTIONS

The SEED 6K8008a interface board is a dual 8 BIT Digital to
Analogue converter for use in the range of SEED System 1 and

19 micro computers.

The design is based around two 8 BIT monolithic D to A converters
which use an advanced form of R-2R ladder network to ensure full

range accuracy and linearity.

The board is designed to be installed on the SS30 bus of any SEED

System 1 to 19 Development System.

SPECIFICATIONS

Settling Time 2u Secs Max

Linearity 0:5 L.5.B.
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DESCRIPTION

The converters are interfaced to the bus via a Motorola type
Paralell Interface Adapter (68b21 P.LLA.) using the two 8 bit ports
directly coupled to the converter's inputs. Also available from
the P.LLA.'s are four control lines not required by the circuit, which
have been made available to the user at the connector. One of
which has a general purpose transistor connected to provide for
a higher current drive if required (up to 800 mA). The load
resistor of which may be removed if an open collector configuration
is more desirable, the load voltage may be up to 40V. However,
the total power dissipation of the transistor should not exceed

500 mW.
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CALIBRATION

This is a very simple operation and is performed as follows :-

Tk Set all the bits to an 'O' state.

2. Adjust R6(R3) until the output is at 0.00V.

3. Set all the bits to a 'l' state,

4, Adjust R7(R2) until the maximum range is obtained.

If a bipolar span is desired the offset (R6/R3) may be adjusted

further to suit the requirements.

The variable resistors mentioned above in brackets refer to

channel 'B'.
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CONNECTION LIST

The external connections are via a 10 way, 0.lin pitch connector

on the edge of the P.C.B.

Port 4 Port 6

Pin 1 +5v DO NOT EXCEED 500mA
2 CAl
3 GND (OV)

4 CA2
5 'A' SIDE O/P 16 3
6 GND 15 2
7 'B' SIDE O/P 14 1
8 CBI
9 GND

10 CB2 Thru' trl (May be open collector)
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OPERATION

The board may be installed in the target system in any of the SS30

pin bus slots which determines the physical address of the board,

the addresses of the registers below are relative to that physical

address.
0 P.ILA. 'A' side Data/Direction
1 P.LA. 'A' side control register
2 P.ILA. 'B' side Data/Direction
3 P.LLA. 'B' side control register

A more detailed description of the operational parameters and
functions of the P.ILA. can be found in the relevant Data sheets,
however here is a simplified description of the initialisation and

use of the device for this application.

The register at addresses 0 and 2 above are dual purpose, i.e., at
times they are the peripheral data registers, at others they are
the 'direction of data' registers. This is determined by the DDR
bit in the relevant control register.  When this bit is high, register

0 and 2 are the interfaces peripheral data registers.

i.e. the data written to regs 0 and 2 go directly to the
peripheral pins.
When in input mode, any signals applied to the peripheral

pins may be read by the processor from regs 0 and 2.

When the DDR bit is low, register 0 and 2 are the Data Direction

registers, i.e., the pattern of 'O's and 'l's written into the register
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determine which of the peripheral data lines will be inputs or

outputs.

e.g. If the DDR bit is LOW and the pattern OF hex (00001111)
is written to register 0 then PA4 - PA7 will be sent to inputs

and PAO - PA3 will be outputs.

For this application all the peripheral data lines must -be set as

outputs (FF hex, 11111111 bin).
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