What’s New in ChemSep™ 8.4

January 2024 (includes releases up to 8.43)

Harry Kooijman and Ross Taylor

Two features were added in this version:
Improved setup of Dividing Wall Columns (DWCs)
Enthalpy liquid path for better sensible heats
Improved Matthias-Copeman parameters (for cubic EOS)
In addition we discuss how to add new compounds to user PCD libraries

Easy (& Fast) Dividing Wall Column Setup

To the best of our knowledge, ChemSep is the only available column
simulation tool that can model Dividing Wall Columns (DWCs) as a
single column. (The usual approach is to model such columns using a
modular approach multiple linked independent column sections. Our
single-column approach required us to develop a novel way to define
the structure of a DWC that was sufficiently flexible to cover all
realistic DWC configurations. However, using that scheme has been
found to be a challenge. To make it easier to model a DWC in
Chemsep, we have added a set of predefined DWC configurations;
they can be seen in the extended list of configurations available:
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Following the selection of a particular DWC, the column drawing is color-coded
to identify the different sections created by the walls. When hovering over a
section, the user interface displays the number of stages and cross sectional
vapor flow area. The user can adapt the number of stages with a simple left-
click on the partition to adapt the number of stages, and a right-click to adjust
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the vapor cross-sectional area. To set the liquid split-ratio the user can click on
the top of a wall. The vapor split-ratio is set automatically to the area ratio on the
bottom of a wall. This makes it trivially simple to setup a new DWC. We have
created predefined configurations with one or two walls (2WC). For single wall
columns, we added top- and bottom-split configurations.

Top-Split DWC  Bottom-Split DWC Regular DWC Kaibel DWC

Upper-Kaibel éWC

We have simplified the specification of the pressures in the column by
automatically calculating pressures on all the stages on both sides of
any wall. The only thing the user has to specify is the pressure in the
top and bottom of the column or the pressure in the top and a
pressure drop per stage:
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The results of the simulation are plotted such that the values on adjacent stages
on either side of the wall are side by side, easing the understanding how
components distribute on either side of the wall:
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Finally, when using the column in COCO, the columns icons are displayed with
the same wall and feed configuration:

—

Simple DWC

2WC Top-split DWC

The feed stage positions can also be shown so that it is very clear when these are

changed.
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Adding New Compounds to User PCD Libraries

ChemSep stores Pure Component Data (PCD) in binary formatted libraries. Users
can add to the existing libraries or add their own. If all the data is known, this is
not so difficult. However, when this is not the case, it is important to know what
parameters are required to get reasonable simulation results for distillation
columns. Of course, this will depend on what thermodynamic models were
selected. Also for obtaining the physical properties that are needed for actual
column internals design, such as densities, viscosities, and surface tensions the
simulator requires certain PCD parameters. Here we want to give you a primer as
to how to go about finding the right PCD information. We do this on the hand of
adding a new compound, Dihydrolevoglucosenone, which is also being referred to
as Cyrene in Inter.].Thermophysics, Vol 40, 102 (2019).

Since distillation separates by means of boiling temperature differences the most
important step is finding experimental vapour pressure for our new component.
Here the above mention publication provides the this as well as the normal
boiling temperature (499 K), its chemical structure, liquid density (as function of
temperature), and its CAS registry number. We begin by opening the PCD
manager from the Tools menu in ChemSep. By default the PCD manager loads
the default PCD library. However, we want to create a new file. Thus, select the
“New” option in the file-menu.

We create a new compound with the “Add New” option in the Edit Menu. We will
be prompted for the name and enter “Cyrene”. This will add the component
under this name and perform a check if there is already a DIPPR number
associated with this component. If not, as is the case, a new library index number
is automatically generated based on the name. In this case the generated index
is 2450. We then enter the CAS number 53716-82-8. This helps us in finding
information on the web for information. Using the PubChem option in the Tools
menu you will now find the isomeric SMILES string for Cyrene. To enter it in the
PCD manager you must remove the @ characters: C1CC(=0)[CH]20C[CH]102.
Click the image of the compound to understand its structure (left). We can then
decode its structure (right) in UNIFAC groups as (CHO)(CH2CO)(CH2)(CH)(CH20):

-CH2- -

-CH2-0-
~CH-0-|

-CHACO)-

Enter this string as the chemical formula and the PCD manager offers to enter the
computed mole weight of 128.126 and sets the formula C6H803. Now we select
“Other polyfunctional C, H, O” as family. This all the information required for the
tab “Component”. The next step is to enter group information as it will allow you
to perform estimation of parameters.
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https://link.springer.com/article/10.1007/s10765-019-2570-9
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Click on the tab “Group Data” to continue. The default group method is UNIFAC.
Enter for all five of the groups the number of occurrences, in this case a 1 for
each CH2, CH, CH2CO, CH20, and CH-O (you need to scroll down the list to find
them all). Now switch to the UNIFAC-LLE method and repeat these entries.
Similarly enter the information for all the other group methods (except PPR78).

Next we click the “T correlations” tab to enter the vapor pressure. On this page
we select “Antoine” as property, which is the most effective type of correlation
for the vapour pressures. Now select the “Import” sub-tab sheet and mark the
following lines (including the description) with data from the publication:

T (K) p* (Pa)
298.26 14.4
308.31 28.2
318.24 51.5
328.27 116.9
333.32 157.3
338.27 219.4
343.26 294
343.26 288
353.25 506.1
363.26 842
373.24 1324
378.23 1780
383.26 2133
393.18 3490
403.16 5170
499.0 101325

Then set the Equation Number to #10 and set the values for A to 20 (a guess),
for B to 333(20-Ln(157))=5000 (157 is the vapor pressure at T=333 K) and C=0.

For the minimum temperature we use 273 K, and set the maximum temperature
to 1 degree above the normal boiling point, 500 K. With these parameters the
PCD manager can plot the vapor pressure with the data we entered. Use the “Ln”
and “1000/T” check boxes to get a log plot with an appropriate temperature axis
for vapor pressures (left). Click the Fit button to get a better correlation (right):

Antoine (Pa) fit teration=47 R2=1 =(11=2.00134 2(2)=0.0000123803 =(3)=0.0005343303
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The Antoine parameters A and B increased to 23.7826 and 5685.04, respectively,
where C decreased to -29.7962. Now the Antoine parameters have been set, we
want to switch to the tab “Critical”. First, since we know the normal boiling point
is 499 K, we enter this value. Then we need to determine the critical constants
for Cyrene. Since we entered the UNIFAC groups we can estimate these using the
Joback or the Constantinou & Gani (C&G) group contribution methods. To see
these estimates, click on the selector under “Estimate”. You will see the following
listing of estimated values:

E ztimate:

izl

Click here to estimate properties [no Th or 5G]
Pl [kgflormol] = 128127 [(Constantinou & Gani)
M [kegfkmal] = 128,127 [Joback)

Pr [Fa) = 4. 30336E+06 [Conzstantinou & Ganil
P [Fa] = 4.37418E+06 [Joback)

[ [-] = 3.19 [Conztantinou & Gani)

Q3 [] = 3.196 [Jaback)

R[] = 4.17a1 [Conzstantinou & Ganil

R [-]= 41741 [Joback)

Th[K] = 387 55 [Joback)

Th [k] = 430.078 [Constantinou & G anil

Th [K] = 493,635 [Antaine)

T [K] = 560.801 [Joback)

T [K] = 634.905 [Constantinou & G ani]

Tt [K] = 251.88 [Joback)

Wi [m3Amol] = 0.3085 [Jobacl)

Wi [mdddkmal] = 0.3264 [Canstantinou & Gani)
vl [m3dmol] = 00633574 (Constantinou & Gani)
widwid & [ra3dlemal] = 0.0633514 [Joback)
v [mZdamol] = 7.99E +08 [Conztantinou 2 Ganil
v [mddmol] = 7.99E +08 [Joback]

w [-] = 0.349371 [Congtantinou & Ganil

v [-] = 0.581945 [Joback)

2 [] = 0266081 (Constantinou & Ganil
Ze[-1=0.28753 [Joback)

When we inspect this list, we see that the normal boiling point of Cyrene is under-
predicted by a good 69 degrees (16%) by C&G, and even more by Joback. As
such, it likely the critical temperature is under-predicted as well. So, how do we
pick a value? Looking at the critical pressures, we see the two methods give very
similar predictions. Therefore, select the value estimated by C&G, and apply it.
Now with the critical pressure known we can estimate the critical temperature
from the Antoine correlation. This is why we fitted the Antoine first! Click the
estimate option again and you see an estimated value of 698 K. This is 10% over
the C&G estimated critical temperature. This looks consistent. So, accept this
value by clicking the apply button.

Similarly, with Tc & Pc known, we can use the Antoine and the Ambrose-Walton
method to estimate the acentric factor. The estimated value is 0.585. Accept it
and switch to the EOS tab. There it is reported that the SRK vapor pressures
deviate only 0.5% from those of the Antoine correlation. This means that for VLE
at higher pressures we can use the SRK Equation of State, with little loss in
accuracy. The same page lists for the PR EOS 2.3% error. To use the PR it is
advised to use Matthias-Copeman parameters (under Edit, Estimate property
estimate to file). This will reduce the error < 0.1%.
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Now select “vapour pressure” on the “T correlations tab” and pick equation #200
with Tmin=273, Tmax=500, and the Ambrose-Walton values A=-8.5, B=C=D=0
and set to Pc=4.3e6. The A value is a guess. Press the “Fit” button and you
obtain a very good fit. Now that the vapor pressures are well represented, switch
back to the “Critical” tab and estimate the critical volume using C&G. The
program will offer to enter also the critical compressibility.

In order to predict duties of heat exchangers we need to have the ideal gas heat
capacities, named CplG in ChemSep. With the UNIFAC groups defined we can
estimate these. Click the Estimate selector and select “CplG” using “Harrison-
Seaton exponential with fixed slope”. Next we are going to fit the liquid density,
for which there are experimental data in the article:

T rhoL

293.15 1250.75
298.15 1245.77
323.151221.30
348.15 1196.86
373.151172.28
398.16 1147.60
423.15 1122.77

Typically the correlation #105 is used for liquid densities. This correlation has 4
parameters of which the parameter C is the critical temperature and B and D are
usually around 0.25. Select liquid density, set the minimum and maximum
temperatures to 273 and 500 K. Enter A=0.73, C=736 and B=D=0.25. Here the
value of A is a guess. Unselect the fitting of the C parameter (with the checkbox
next to the parameter) and perform a fit. You now have a very accurate density.

Select the “Miscelleneous” tab and use the estimate option. With our density
function we can estimate the Specific Gravity (SG) at 60 F. Select the estimated
SG value by T correlation and apply it. Similarly, we can apply the estimated R
and Q values from UNIFAC. Do the same with the Fuller diffusion volume and the
COSTALD V* and the Racket (from liquid density) estimates. To estimate the
Parachor select the Quayle method with elemental contributions, and for the
Wilson volume use the Tyn-Calus method.

Now select the “Molecular” tab and estimate the molar volume again with Tyn-
Calus method. Then estimate Gf, Hc, Hf, Rgyr, SO, SolP, vdW-A and vdW-V all
using the C & G + Perry method. Save the PCD file. You are now ready to use the
new compound Cyrene.

To verify the new compound we will try to reproduce the VLE as published in
Brouwer and Schuur, Green Chemistry 22 p. 5369 (2020). Start ChemSep and
start a new problem. Select Cyrene, MethylCycloHexane, and Toluene as
compounds. Chose the DECHEMA K-model with UNIFAC activity coefficient model
and the Antoine vapor pressure correlation. This will suffice. Select metric units
and define the feed at 0.8 bar and 0.5, 0.25, and 0.25 mol/s. This creates a
Solvent to Feed rate of 0.5/ (0.25+0.25) = 1. For the flash specifications perform
the calculations at the given feed pressure and V/F=0. The flash solves and gives
a vapor MCH mole fraction of ~72%.
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Now select the parametric study from the Analysis menu. Add variables to vary
and provide the ranges such that the S/F remains 1 all the time:

—Select input wariable
Murber of steps I-I & ™ Uszeoldresult: W Automatic [ Keep zepilez ¥ Restare original
Add I j Remove | Fezet |
M ame W ariable Lnits Walue StartAfaluelizt |End
Feedl compone F1F1 molds .5 .5 .5
Feedl compone F1F2 molds 0.25 .5 1]
Feed! compone F1F3 mals 0.25 0
—Select result vanable
dd j Remove | Fezet |
M arme Feedl compane uMCH yToL wMCH
"Wariable F1F1 TOFS1Y(2) TOPS1Y(3) BOTST[240.5 | BOTS1=[3)/05
I rits molz
Current Walue |05 0723487 0262375 05 05

Then select the result variables as above to generate x,y for the VLE parity plot
as published by Brouwer and Schuur:

S/F=1, 0.8 bar

0.9
0.8
0.7
0.6
5 0.5
0.4

0.3
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0.1 o v Experimental
* EEEEEEEEEE }f:"{
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The match validates the vapor pressures and the UNIFAC selection of groups. We
leave it to the reader to reproduce the same parity plots for the experimental
data at 0.5 and 1 bar pressure. The UNIFAC model seems certainly accurate
enough to predict the extractive distillation with Cyrene.
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Brouwer and Schuur, Sust.Chem.Eng. 39 p. 14807 (2020) also report Liquid-
Liquid Equilibrium data for the same mixture. For this we need to switch to the LL
(gamma) K-model. Select the UNIFAC for computing the activities. For the flash
specification select the LL flash temperature and set it to 298.15 K. Solve to be
able to select the parametric study option under Analysis. Define the following
varying input variables, and set the results for the reporting variables:

—Select input vanable
Murnber of steps |2EI [ Usealdresuts ¥ automatic | Keepsepfiles ¥ Restore original

#idd I j Remove | Reset |

Hame Wariable itz W alue StartMaluelist  End

Feed! compone F1F1 krnalds [IR3] 05 0.5

Feedl compone F1F2 kernilds (IR3] 05 1]

Feed] compone F1F3 krnold's 1] 1] _

—Select rezult vanable

#d j Femove | Feset |

Mame WCTR WMCH WTOL ¥1CYR W2CTR w2T0L
Wariable F1F1/F1FT F1F2/F1FT F1F3/F1FT TOPS1Z1] TOPS1Z13) BOTS1201] BOTS1203)
Unitz

Current ‘alue 1 ] 1] 000786217 i 0974033 1]

Press the Run button to obtain the results. Below you see that the UNIFAC-LLE
model matches the experimental data as reported by Brouwer and Schuur
qualitatively. Though the temperature dependency of the UNIFAC is in the right
direction, it is not good enough to use it for the design of LL extraction columns.
As such we need tweak the interactions, or we need to fit the LLE e.g. using
UNIQUAC as Brouwer did.

0.5
0.4
I v
! *
¢ N
03z |
[k}
: f v
E .
E |
= 0.2 ' * 25 C Exp. Organic
* L 25 C Exp. Solvent
, 25 C UNIFAC Organic
0.1-Jje 25 C UNIFAC Solvent
g — = =75 UNIFAC Organic
k — = =75C UNIFAC Solvent
0
0 01 02 03 04 05 06 07 08 09 1
x Cyrene
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Total Reflux Operation

ChemSep has had the ability to simulate operations at total reflux for a very long
time. Now, that capability has been extended so that total reflux operations can
be modelled in a CAPE-OPEN compliant simulator.

Here, we show a ChemSep total reflux simulation in the (free) CAPE-OPEN
simulator COFE.

ase composition profiles. McCabe-Thiele diagram Acetone - Benzene

T T T T
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Total reflux operation implies no product withdrawal and, therefore, no feed.
Thus, to model such an operation in a simulator requires some computational
sleight-of-hand.

The ability to model total reflux operations is particularly useful for interpreting
the experimental work of Fractionation Research Incorporated.

New Equation of State Options (some coming soon)

Long time users may have noticed two new Equation of State (EOS) models on
the Thermodynamics tab:

Select Thermodynamic kModels

K-value |EOS -

E quation af ztate |P'eng-Hn:nI:nins-:nn ?Eﬂ

Soave-RE.
API-SRE
Peng-Fobingon 76
SRE-UMR
FR-UMR
Peng-Robinson 78
E nthalpy Predictive PR7S
Fredictive SRE
MC-SRE.
‘MC-FR

Select Thermodynami
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Here we can see two new entries at the bottom of this list: MC-SRK and MC-PR.
These are, respectively, the SRK and PR Equations of state that employ the
Mathias-Copeman (MC) a-function instead of the traditional Soave a-function that
is used in the implementations of the SRK and PR equations that appear higher
up this list. (As noted elsewhere in this document, the SRK-UMR, PR-UMR and
PSRK models also use the MC a-function.) The necessary parameters are loaded
automatically when these models are selected.

At a level above, there is an entirely new K-value model: The Advanced EOS.

Select Thermodynamic kModels

K-value EDS ~|

R aoult's law

E quation of state EOS

Garnrma-Phi
DECHEMA,
Chao-Seader
Polyniomial k.
Liguid-Liquid [garmma]
Fraugnitz

Wilzon

R elative volatiliy
Liguid-Liquid [phi]
Advanced EOS

Enthalpy

Select Thermodynami

Currently this menu option serves only as a place-holder for what will be the most
flexible cubic equation of state available in ChemSep. Knowledgeable readers will
know of the tcPR variant of Privat and Jaubert and their co-workers (see Pina-
Martinez, A., Privat, R., Nikolaidis, I.K., Economou, I|.G., Jaubert, J.-N., 2021. What
Is the Optimal Activity Coefficient Model To Be Combined with the translated-
consistent Peng-Robinson Equation of State through Advanced Mixing Rules?
Cross-Comparison and Grading of the Wilson, UNIQUAC, and NRTL aE Models
against a Benchmark Database Involving 200 Binary Systems. Ind. Eng. Chem.
Res. 60, 17228-17247 https://doi.org/10.1021/acs.iecr.1c03003). The advanced
EOS option in ChemSep is a step towards the level of flexibility envisaged in this
paper; it will allow the use to select their choice of a-function and mixing rule.

We emphasize that the Mathias-Copeman based versions of the SRK and PR
equations are available now; the more flexible Advanced EOS remains a work in
progress.

Improved Matthias-Copeman (MC) parameters

To improve the accuracy of vapor pressures of pure component, the Matthias-
Copeman parameters in our ChemSep libraries were re-fitted. This will affect all
simulations that use the PSRK and the SRK-UMR equation of state models. In
generic terms this improved predicted VLE by a few percent for most systems,
but a few components will see drastic improvements. Since the PR-UMR now has
MC parameters that we fitted for the Peng-Robinson EQOS specifically, the results
may for this method may have improved drastically such that the method
performs equally well as the PSRK and SRK-UMR.
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Enthalpy liquid path for better sensible heats

ChemSep used the ideal gas heat capacities to compute the enthalpy of streams.
Unfortunately, this frequently provides inaccurate heat duties for heat
exchangers of liquid streams. As such we now feature “Liquid path” enthalpies
which use the liquid heat capacities instead:

- Thermodynamics |v‘r Phwysical prnpertiesl s Reactiunsl

—Select Thermodynamic Model

—Enthalpy £ Exergy

k-value IGamma-F’hi j Feference state | Liquid L-p: TI IEE.[ [C]

" apaur i -path

E quation of state ISDave-RK j Heat af farmation |Ligquid W-path E
activity coefficient ILINIFP-.E j Surmoundings T m

W apour prezsure IF-.ntu:uine j Heat Capacity G IT correlation j
E nthalpy IEHEESS j Heat Capacity L IMD|E fraction a\j

Miscellaneous Updates

Version 8.4 also includes many small improvements such as:

* Improved Antoine parameters of various components

* Recognize the InChiKey component identifier

» Support accessing various databases found on the internet

* Added new estimation methods in the PCD manager for the critical temperature

and acentric factor, given Antoine vapor pressure correlation

Estimation of the melting point temperature from a group contribution model

Editing PSRK and UNIFAC-NIST group contributions

Allow for more than six groups per molecule in the group contribution methods

Improved estimation of binary interaction parameters (BIPs) for NRTL and

Wilson models

* Tweaks to TP flash algorithm for when vapor fraction is within machine
precision of the edge of the allowed range

* Setting a limit for non-zero mole fractions in the report

* Support for X-files

* Minor updates to some plots

* Export the McCabe-Thiele diagram to Veusz
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New Compounds

As usual we added some new components to our library ChemSep2.pcd which
will be automatically searched when you select the wild card *.pcd in the search
box of ChemSep. The following compounds were added:

95-15-8
108-98-5
811-97-2
623-36-9
123-38-6
124-19-6
112-44-7
10486-19-8
4394-85-8
506-30-9
127-27-5
1945-53-5
5835-26-7
514-10-3
1740-19-8
471-77-2
83-46-5
98-55-5
99-86-5
80-56-8

Benzothiophene
Phenyl mercaptan

1,1,1,2-tetrafluoroethane

2-methyl-2-pentenal
Propanal

Nonanal

Undecanal
Tridecanal
4-formylmorpholine
Arachidic acid
Pimaric acid
Palustric acid
Isopimaric acid
Abietic acid
Dehydroabietic acid
Neoabietic acid
Sitosterol
Alpha-terpineol
Alpha-terpinene
Alpha-pinene

87-61-6
108-70-3
578-58-5
1004-66-6
4028-66-4
90-00-6
496-16-2
107-19-7
110-65-6
57-55-6

13

Paraldehyde
2-methylpyridine
3-methylpyridine
4-methylpyridine
2,6-dimethylpyridine
2,5-dimethylpyridine
Dichloromethane
1,2,4-trichlorobenzene
1,2,3-trichlorobenzene
1,3,5-trichlorobenzene
2-methylanisole
2,6-dimethylanisole
2,4,6-trimethylanisole
o-ethylphenol
2,3-dihydrobenzofuran
Propargyl alcohol
2-butyne-1,4-diol
Cis-3-Hexene
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