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CHEMTRAN

For those of you not familiar with CHEMTRAN, we felt an overview
of this program's capabilities and applications would be of general
interest.

CHEMTRAN is a separate program from DESIGN/2000 and REFINE. It is
normally used to pass information to DESIGN/2000, where heat and
material balance simulations are done. CHEMTRAN is used to generate
pure component information and/or fit some form of mixture data to
help generate K-values, enthalpies, and densities that are to be used
in a simulation in DESIGN/2000.

CHEMTRAN has 2 major divisions: 1) Pure component physical
properties ‘

2) Mixture properties

1. Pure Component Physical Properties

The pure component section of CHEMTRAN is typically used to generate
pure component properties for components which are not in the ChemShare
pure component data base. At present, this data base contains 857
components, making it the largest data base commercially available.
Data for this data base has been collected and correlated by ChemShare.
It has been checked and cross checked for accuracy and each item in the
data base can be traced back to the primary literature sources.

As there are thousands of components which are not in the data base
due to limited published information for their physical properties,
it is necessary to estimate their properties. These properties are
critical temperature, pressure, volume, solubility factor, acentric
factor, molecular weight, boiling point, ideal gas heat capacities,
density, latent heat, and vapor pressure. ChemShare has created a
physical properties generator which is unique in a couple of ways.

It is the only one commercially available, and it is easy to use.

It works by simply describing the molecular structure of the component
to CHEMTRAN.

Let's take 2,4- dichlorotoluene as an example for generating physical
properties.
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There are various techniques available in the literature for generating
physical properties, such as Benson, Parr, and Lyderson. Each of these
methods requires a different description of the same bond structure.
Some structures are difficult to describe and doing these calculations
by hand may require a full day. In CHEMTRAN a single unified input
structure is used for generating all the properties. For example, the
component previously described would be entered into CHEMTRAN by num-
bering all the non-hydrogen atoms and then describing the bond connec-
tions to CHEMTRAN once. Example:

*SAMPLE OF PURE COMPONENT DATA GENERATION

ooM=200

STRUCTURE 200=Cl1-C2,C2=C3,C3-C4,C4=C5,C5-C6,C6=C1,C1-C7,
C2-CL8,C4-CL9

END

This unified input structure looks simple, and it is. As far as we
know, ChemShare is the only company who has been able to set up a
unified method for predicting pure component properties. Although
approaches to this have appeared they have not been nearly as complete
in predicting all the properties of pure components needed for heat
and material balance calculations. The output follows on the next page.

The input coding is in your present CHEMTRAN manual, but questions
can be addressed to Dr. John Adams or Customer Support at (713)627-8945.
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FOR (NMMPONENT 200 :
BENSN 'S GROP (C) - (CBR) (H) (H (H.
HAS 2 SIBSTTTUTIONS @ (C) - (C) (B (H (H

1CHRMSHARE. CHFMTRAN VERSION 8.3268(02MAR82)  19MARS2  13:37:30
0SAMPLE OF PURE COMPCNENT DATA GENERATION PAGE 2
*kkkkkkkkkkx  SUMMARY OF SINGLE COMPONENT PROPERTIES —***#kkkkkkix
NONSTANDARD—200 NO. 1 COMPONENT NO. IS 200 ;
CHEMICAL FORMULA: C7 CL2 H6 |
C
L ¢ ¢
C C-cH3
c
CL
PROPERTY FOR VALUE OF METHOD OF
GENERAL DATA PROPERTY DETERMINATION
MOLECULAR WEIGHT 161.031 COMPUTED
NORMAL BOILING POINT 405.29 F LYD~FOREMAN-THODCS :
CRIT TEMPERATURE 826.34 F LYDERSEN
CRIT PRESSURE 521.12  PSIA LYDERSEN ‘f
CRIT VOLIME 6.5996 FT3/LBMOL LYDERSEN
CRIT DENSITY 0.15152  LBMOL/FT3 1.0NC
CRIT COMPRESIBILITY 0.24923 CALCULATED
DENSITY FACTOR 0.24920 PC*VC/R*TC f
ENTHALPY FACTOR 0.24920 PC*VC/R*TC -
SOLUBILITY PARAMETER 8.4658  (CAL/CM3)1/2 CALCULATED
CHAR VOLUME 0.31546  FT3/ILBMOL V(TB) / (5.7+3*TB/TC)
IDEAL GAS HEAT
CAPACITY AT 500 K 47.780  BTU/IBM)/R  BENSON
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Mixture Properties

By mixture properties we are referring to the properties needed to
perform heat and material balances such as K-values and enthalpies.
After these calculations are performed other properties are also
needed. Densities are required to convert from molar flow units to
volume flow units. Transport properties are needed for line and
equipment sizing.

DESIGN/2000 contains many correlations to estimate all the properties
needed for most flowsheet simulations -- 21 K-value correlations,

17 enthalpy correlations, 9 density correlations, and 3 transport
property correlations. This is the largest number of options com-
mercially available. There are systems where their accuracy may not

be sufficient. For example, K-values for the ac_.tone-water system

can be predicted by UNIFAC and depending on your needs these pre-
dictions may work very well. However, since UNIFAC is designed to

be a general correlation for chemical systems it cannot provide the
accuracy obtained by fitting vapor-liquid equilibrium data. Similar
statements can be made for other correlations. For example, although
equations of state work very well for light hydrocarbons their accuracy
can deteriorate for heavier hydrocarbons and inorganic gases such as
CO2, H2S, etc. In the case of the APISOAVE correlation some of this
data fitting has been done and the resulting parameters are stored in
DESIGN/2000. However, it is possible that data for additional chemicals
may be needed to supplement the basic correlation.

When we discuss K-value data, we are referring to laboratory vapor-
liquid compositions at various temperatures and pressures. There is
a tremendous amount of this data which has been published. Our cus-
tomer support service has ready access to much of this data and can
help determine if it is available for a specific system.

Your company may also have, or wish to measure, its own data for a
particular system. The latter step may be useful when data is missing
for an important composition or temperature region. In some systems,
heats of mixing data are also needed to represent accurately heat
changes in a flowsheet. This data is also available in the literature.
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The published data can be a table or graph of various temperatures
- and pressures where the composition of the liquid and the composition
of the vapor are reported. This data would be entered with a
\ T-P-Y-X command. There are several other ways data could be reported.
P CHEMTRAN has 13 different options for entering this data. These options
I cover just about all the usual ways data is found in the literature.

The following is an example for an acetone-water system with the
required CHEMTRAN input:

*ACFTONFE, WATEP DATA FIT

COMP=1002, 67 :

T-X(C,MMHG) 1002,62=760,100,0,89.6,.015,79.4,.036,68.3,.074,63.7,.175, é
A1.1,.259,60.5,.377,59.9,.505,59,.671,58.1, .804,57.4,.899, :
74,.0%,68.9,.082,65.8,.125,42.9,.220,62.7,.445,58.3, .66,57.8, .76,
57.3,.865,56.7,.93,83,.023,76.5,.041,66.2,.12,61.8,.264,61.1, .3,

~0,.444,59.7,.506,59.5,.538,58.9,.4A09,58.5,.661,57.4,.793,57.1, .85
WILSONK

YEN ALEXANDER H .
FILE NEW=ACET,DATA,H20
END

BOTTOM

Any VLE data you enter can be curve fitted to one of 6 equation options-
Wilson, Renon (NRTL), UNIQUAC, Peng-Robinson, Socave, and APISOAVE.

The results of this data reduction are a set of binary interaction
coefficients which can be stored in a special file for DESIGN/2000.

The command for creating this file is:

FILE NEW = naml, namZ, nam3

An objective function is also necessary for the data reduction. The
program minimizes the error in this function. The default function is
normally K-values (OBJFUN=3). However, other options are available. :
Various error reports are printed to let you examine how well the !
curve fit matches your data. Graphs are also presented to provide at
a glance the results of the data reduction.

Once the coefficients for the equation have been generated, they can
be used in DESIGN/2000 to calculate K-values at any temperature and
pressure by entering the file name into DESIGN/2000 with the CHE FIL=
command in the GENeral section.
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The overview of this data reduction is:
Data:
T-P-Y-X FIT Generate Store
T-Y-X Coefficients Coefficients
Etc. For For
Equations DESIGN/2000

Some output for the acdetone-water data fit is

shown below:

*kkikd REDUCTION OF VAPOR LIOUID EQUILIBRIIM DATA FOR SYSTEM 1 #¥#%

BOUATION OPTION IS WILS(N
DATA TYPE IS TX
NUMBER OF ITERATIONS= 9

SIM OF SQUARES OF THE (BJECTIVE FUNCTION= 0.2109462E~01

STANDARD ERROR OF ESTIMATE= 0.1844548E-01
COMPONENTS TN SYSTEM

NO. COODE NO. NAME
1 1002 NETONE
2 62 WATER
V-L-E DATA
COMPCSITION (MOLE FRACTICN) VALUE CF
PT. TEMP PRESSURE OBJECT
NO. (F) (PSIA ) OoMP VAP-CAL“D LIQUID FUNCTION
1 211.988 14.6961 1002 0.000000 0.000000 -0.00035
1 62 1.000000 1.000000
2 193.268 14.6961 1002 0.371538 0.015000 -0.06883
2 62 0.628462 0.985000
3 174.908 14.6961 1002 0.576963 0.036000 -0.04381
3 62 0.423037 0.964000
4 154.928 14.6961 1002 0.713276 0.074000 0.05954
4 62 0.286723 0.926000
5 146.648 14.6961 1002 0.786160  0.175000 0.00951
5 62 0.213840 0.825000
6 141.968 14.6961 1002 0.808290 0.259000 0.03881
6 62 0.191710 0.741000
7 140.888 14.6961 1002 0.822784 0.377000 0.01601
7 62 0.177216 0.623000
8 139.808 14.6961 1002 0.837099 0.505000 0.00050
8 62 0.162901 0.495000
9 138.188 14.6961 1002 0.861385 0.671000 -0.01411
9 62 0.138615 0.329000
10 136.568 14.6961 1002 0.892930 0.804000 ~0.02097
10 62 0.107070 0.196000
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TABULATED ACTIVITY QOEFFICIENT

AT (ONSTANT PRESSURE PERCENT
PT. TEMP PRESSURE RELATIVE
NO. (F) (PSIA ) CoMP QLC EXPER ERROR
1 211.988 14.6961 1002 N/A N/A N/A
1 62 1.000000 0.000000 0.00000
2 193. 268 14.6961 1002 9.821602 9.365011 4,87549
2 62 1.001353 0.943684 6.11098
3 174.908 14.6961 1002 8.199156 8.016010 2.28475
3 62 1.007160 0.971864 3.63184
4 154,928 14.6961 1002 6.164395 6.700273 ~7.99784
4 62 1.026400 1.099258 —6.62798
5 146.648 14.6961 1002 3.493340 3.608214 -3.18370
5 62 1.112427 1.131045 -1.64610
6 141.968 14.6961 1002 2.559608 2.725929 -6.10144
6 62 1.214367 1.272306 -4.55384
7 140.888 14,6961 1002 1.868404 1.944009 -3.88914
7 62 1.405628 1.438452 -2,28184
8 139.808 14.6961 1002 1.469848 1.505864 -2,39176
8 62 1.698906 1.711460 -0.73356
9 138.188 14.6961 1002 1.189445 1.201335 -0.98971
9 62 2.302412 2.285642 0.73371
10 136.568 14.6961 1002 1.067173 1.070845 -0.34290
10 62 3.136592 3.092196 1.43574
n 135.308 14.6961 1002 1.018523 1.021050 -0.24742
11 62 4.118987 4.055183 1.57339
TABULATED FUGACITIES
BASED ON EXPERIMENTAL DATA
PT. TEMP PRESSURE
NO. (F) (PSIA ) COMP FSS PHI IN(ACT)
1 211.988 14.6961 1002 N/A 0.985469 N/A
1 ' 62  14.494196 0.992934 0.00000
2 193.268 14.6961 1002 38.189705 0.982518 2.23698
2 62 9.864405 0.992778 -0.05796
3 174.908 14.6961 1002 28.806126 0.980381 2.08144
3 62 6.588386 0.992843 -0.02854
4 154.928 14.6961 1002 20.681587 0.978245 1.90215
4 62 4.109994 0.992856 0.09464
5 146.648 14.6961 1002 17.881596 0.977289 1.28321
5 62 3.344395 0.993024 0.12314
6 141.968 14.6961 1002 16.434254 0.976775 1.00281
6 62 2.967551 0.993027 0.24083
7 140.888 14.6961 1002 16.113270 0.976641 0.66475
7 62 2.886115 0.993098 0.36357
8 139.808 14.6961 1002 15.797079 0.976506 0.40937
8 62 2.806584 0.993170 0.53735
9 138.188 14.6961 1002  15.331970 0.976303 0.18343
9 62 2.690859 0.993304 0.82665
10 136.568 14.6961 1002  14.877535 0.976098 0.06845
10 62 2.579346 0.993492 1.12888
11 135.308 14.6961 1002  14.531330 0.975937 0.02083
11 62 2.495597 0.993732 1.40000
12 TAB.1RR 14.RORY 1002 24 AONNT N Q79UR 2 NAaA7Y
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BUBBIE POINT TEMPERATURES

PRES (FAHRENHEIT ) PERCENT
(PSIA ) DATA CALCULATED DIFFERENCE
14.696 211.988 211.959 -1.36E-02
14.696 193. 268 189.574 -1.91E 00
14.696 174.908 172.463 -1.40E 00
14.696 154.928 158.386 2.23E 00
14.696 146.648 147,177 3.61E-01
14.696 141.968 144,128 1.52E 00
14.696 140.888 141.760 6.19E-01
14.696 139.808 139.835 1.92E-02
14.696 138.188 137.444 -5.38E-01
14.696 136.568 135.470 -8.04E-01
14.696 135.308 134,146 -8.58E-01
14.696 165.188 165.711 3.17E-01
14.696 156.008 156.673 4.26E-01
14.696 150.428 150.712 1.89E-01
14.696 145.208 145,288 5.54E-02
14.696 144.848 140.707 -2.86E 00
14.696 136.928 137.606 4,95E-01
14.696 136.028 136.124 7.03E-02
14.696 135.128 134,595 -3.95E-01
14.696 134.048 133.784 -1.97E-01
14.696 181.388 181.679 1.61E-01
14.696 169.688 169.755 3.98E-02
14.696 151.148 151.212 4.25E-02
14.69 143,228 144,000 5.39E-01
14.696 141.968 143.173 8.49E-01
14.696 139.988 140.721 5.24E-01
14.696 139.448 139.820 2,67E-01
14.696 139.088 139.363 1.98E-01
14.696 138.008 138.347 2.45E-01
14.696 137.288 137.591 2.21E-01
14.696 135.308 135.632 2.40E-01
14.696 134.768 134.804 2.67E-02
BUBBLE POINT PRESSURES
TEMP (PSIA ) PER CENT
(F) DATA CALCULATED DIFFERENCE
211.988 14.6961 14,7161 1.36E-01
193.268 14.6961 15.7215 6.98E 00
174.908 14.6961 15.3511 4.46E 00
154.928 14.6961 13.8043 -6.07E 00
146.648 14.6961 14,5531 -9.73E-01
141.968 14.6961 14,1129 -3.97E 00
140.888 14.6961 14,4554 -1.64E 00
139.808 14.6961 14,6885 -5.17E-02
138.188 14,6961 14,9087 1.45E 00
136.568 14.6961 15.0123 2.,15E 00
135.308 14.6961 15.0301 2.27E N0
165.188 14.6961 14,5589 -9.33E-01
156.008 14.6961 14.5206 -1.19E 00
150.428 14.6961 14.6200 -5.18E-01
145,208 14.6961 14.6742 -1.49E-01
144,848 14.6961 15.8919 8.14E 00
136.928 14.6961 14.5045 -1.30E 00
136.028 14.6961 14,6688 -1.86E-01
135.128 14.6961 14.8488 1.04E 00
134.048 14.6961 14.7712 5.11E-01
181.388 14.6961 14.6189 -5.25E-01
169.688 14.6961 14.6784 -1.21E-01
151.148 14.6961 14.6789 -1.17F-01
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The graphical output quickly shows you how good the fit is in relation
to experimental data. The "E"s on the graph above are the experimental
data points. From this plot, it appears to be a reasonably good fit.

The tabulated data presents actual deviations for each data point.

output gives you the following major reports:

l. V-L-E Data comparison at each point
2. Activity coefficients at constant pressure

3. Fugacities

4. Bubble point temperatures comparison
5. Bubble point pressures comparison

The acetone-water mixture is a binary mixture which can easily be
handled by CHEMTRAN. There are also many multi-componént mixtures
where the data may be available in a ternary or quaternary form.
CHEMTRAN is the only commercially available program that will accept

data of any form directly and reduce it.

Previously mentioned was a thermodynamic correlation called UNIFAC.
Where UNIFAC can be used, experimental data is not always needed,
but if the data is available it is best to use it. However, in a
situation where a quick calculation needs to be made, or the data is
not readily available, UNIFAC can be used to generate K-values for

many multi-component systems. It can also be used to generate coeffi-

cents for specific binary pairs. This is a useful option for multi-

component mixtures where there is no data for some of the components.

Another useful feature of CHEMTRAN combines the VLE graphics capabili-

ties with the group contribution techniques, in particular, UNIFAC.
This combination allows you to examine the VLE behavior of binary
systems and determine azeotropes from the structures of chemicals.
If the chemicals are in the data base, structures are stored in the

program and do not have to be entered. By simply running the following
input for the mixture of acetone and water, we can plot the azeotrope.

The input is simply:

*AZEOTROPE PLOT FOR ACETONE AND WATER
QoM=62,1002

UNIFACK

GRA T-X 62,1002=70

END

The graphical output is shown on the next page.
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This application can be extended to chemicals where no data is available.
Since UNIFAC is a group contribution technique, the unified structure

command can be used.

Then it is possible to generate pure

component

properties and VLE graphs with a few simple structure commands.

The CHEMTRAN manual also covers all mixture input commands.

Any

questions or ideas for CHEMTRAN should be directed to Dr. John Adams
22
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