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Supplementary Materials: Modelling Mixed-Gas
Sorption in Glassy Polymers for CO2 Removal: A
Sensitivity Analysis of the Dual Mode Sorption
Model

Eleonora Ricci , Maria Grazia De Angelis

1. Mixed-Gas Sorption Predictions with Dual Mode Sorption Model Best Fit Parameter Sets
Obtained Through Different Parametrization Routes

1.1. Error-Weighted Sum of Squared Errors

Figures S1 to S3 show the comparison between mixed-gas sorption of COz and CHs in PTMSP,
PIM-1 and TZ-PIM calculated with the Dual Mode Sorption (DMS) model using two different best-fit
parameter sets. Solid lines in the figures are obtained with best-fit parameters resulting from the
minimization of the sum of squared errors, weighted using the experimental confidence intervals:
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i=1
o; represents the confidence interval associated with the experimental value of the concentration c;,
N is the total number of experimental points, f; is the gas fugacity and kj;, Cy;;, b; are the DMS
parameters for the polymer-i penetrant couple.
Dashed lines in the figures are obtained with best-fit parameters resulting from minimizing the
sum of squared errors, unweighted:

N 2
Cy:bifi
xt= Z [Ci - <kD,ifi + %)] (52)
= ili

The parameter sets obtained using Equation S1 or Equation S2 are reported in Table 1 and
Table 2 in the main text, respectively.
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Figure S1. Sorption isotherms of (a) CO2 and (b) CHa at 35 °C in poly(trimethylsilyl propyne) (PTMSP),
in pure and mixed-gas conditions (Black squares: pure gas; Red circles: ~10% COz mixture; Green triangles:
~20% CO2 mixture; Blue diamonds: ~50% CO:z mixture). Exp. data from [1]. Solid lines are Dual Mode
Sorption (DMS) model predictions obtained using the parameters reported in Table 1 in the main text.
Dashed lines are DMS model predictions obtained with parameters reported in Table 2 in the main text.
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Figure S2. Sorption isotherms of CO2 and CHs at 25 °C (a,b), 35 °C (c,d), 50 °C (e,f) in PIM-1, in pure and
mixed-gas conditions (Black squares: pure gas; Red circles: ~10% COz mixture; triangles: ~30% CO2 mixture;
Blue diamonds: ~50% CO: mixture). Experimental data from [2,3]. Solid lines represent DMS model
predictions obtained using the parameters reported in Table 1 in the main text. Dashed lines are DMS
model predictions obtained with parameters reported in Table 2 in the main text.
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Figure S3. Sorption isotherms of CO2 and CHs at 25 °C (a,b), 35 °C (c,d), 50 °C (e,f) in TZ-PIM, in pure and
mixed-gas conditions (Black squares: pure gas; Red circles: ~10% COz mixture; Green triangles: ~30% COz

mixture; Blue diamonds: ~50% CO2 mixture). Experimental data from [4]. Solid lines represent DMS model

predictions obtained using the parameters reported in Table 1 in the main text. Dashed lines are DMS

model predictions obtained with parameters reported in Table 2 in the main text.
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1.2. Constrained Temperature Dependence

Figures 54 and S5 show the comparison between mixed-gas sorption of CO2 and CH4 in PIM-1
and TZ-PIM calculated with the Dual Mode Sorption (DMS) model using two different best-fit
parameter sets.

Dashed lines in the figures are obtained with best-fit parameters reported in Table 1 in the main
text, resulting from minimizing the sum of squared errors, unweighted (Equation 52).

Solid lines in the figures are obtained with best-fit parameters reported in Table 2 in the main
text, resulting from the simultaneous minimization of the sum of squared errors at three
temperatures, imposing a van't Hof temperature dependence to b and kp, and constraining Cy to
decrease as temperature increases.
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Figure S4. Sorption isotherms of CO2 and CHs at 25 °C (a,b), 35 °C (c,d), 50 °C (e,f) in PIM-1, in pure and
mixed-gas conditions (Black squares: pure gas; Red circles: ~10% COz mixture; Green triangles: ~30% COz
mixture; Blue diamonds: ~50% CO: mixture). Experimental data from [2,3]. Solid lines represent DMS
model predictions obtained using the parameters reported in Table 3 in the main text. Dashed lines are
DMS model predictions obtained with parameters reported in Table 1 in the main text.
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Figure S5. Sorption isotherms of CO2 and CHs at 25 °C (a,b), 35 °C (c,d), 50 °C (e,f) in TZ-PIM, in pure and
mixed-gas conditions (Black squares: pure gas; Red circles: ~10% COz mixture; Green triangles: ~30% COz
mixture; Blue diamonds: ~50% CO2 mixture). Experimental data from [4]. Solid lines represent DMS model
predictions obtained using the parameters reported in Table 3 in the main text. Dashed lines are DMS
model predictions obtained with parameters reported in Table 1 in the main text.
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2. Sensitivity Analysis of the Dual Mode Sorption Model Predictions of COz and CHs Sorption
in PIM-1 in Multicomponent Conditions

2.1. Effect of b¢o, on the Calculated Mixed-Gas Sorption of CH4 in PIM-1
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Figure S6. Isosurfaces the DMS model parameter space for CHs sorption in PIM-1 at 35 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwmix obtained with different
values within the confidence interval of b¢o,.
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Figure S7. Isosurfaces the DMS model parameter space for CHs sorption in PIM-1 at 50 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwix obtained with different

values within the confidence interval of b¢o,.
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2.2. Confidence Intervals of CO2/PIM-1 DMS Model Parameters
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Figure S8. (a) Surfaces enclosing the range where DMS parameter sets yield SEE < SEEwmax in the
prediction of CO2 sorption in PIM-1 at three different temperatures; (b) CO2 sorption isotherms in
PIM-1 at 25, 35 and 50 °C, calculated with all the parameter sets enclosed by the corresponding
coloured regions in the plot on the left.

Table S1. Confidence intervals of the fugacity-based DMS parameters yielding and average relative
deviation < 1.5% in the calculation of CO: sorption in PIM-1 at three different temperatures.

kD,COZ CIH.COZ
T 3 3 beo,
Q) ( CTSTP ) <Cm53TP) (bar )
cmy,, bar cmy,,,
25 4.04673223  90.0471%37 0.7101937%
35 2.8901333% 94.831123% 0.38810333
50  1.5967193%2%  89.30F%47. 0.29001%5

2.3. Uncertainty in Mixed-Gas Sorption of CO:z in PIM-1

Set 1 and Set 2 reported in Table S2 correspond, respectively, to the highest and lowest accuracy
in the prediction of mixed-gas sorption of CO:z in PIM-1, among all the parameter sets belonging to
the confidence regions displayed in Figure S8.

Table S2. DMS model fugacity-based parameter sets used in the calculation of mixed-gas sorption of
CO2 in PIM-1 reported in Figure S9.

kpco, Ch co, SEEpure SEEmix

T cm3 cm} beo, cm3 cm3

(OC) < . STP ) ( SSTP> (bar_l) < . STP ) ( . STP >

cmy, bar cmy,,, cmy,, bar cm,, bar

25 4.284 84.93 0.822 1.998 2.41
Setl 35 3.156 85.69 0.518 1.791 2.28
50 1.906 78.01 0.395 1.498 1.92
25 3.532 105.85 0.413 1.999 6.00
Set2 35 2.599 105.40 0.299 1.797 4.93

50 1.500 94.87 0.238 1.482 2.77
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2.4. Effect of bcy, on the Calculated Mixed-Gas Sorption of CO2 in PIM-1
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Figure S10. Isosurfaces the DMS model parameter space for CO: sorption in PIM-1 at 25 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwix obtained with different

values within the confidence interval of b¢y, .
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Figure S11. Isosurfaces the DMS model parameter space for CO: sorption in PIM-1 at 35 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwix obtained with different
values within the confidence interval of bcy, .
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Figure S12. Isosurfaces in the DMS model parameter space for CO2 sorption in PIM-1 at 50 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwmix obtained with different

values within the confidence interval of b¢y,.
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3. Sensitivity Analysis of the Dual Mode Sorption Model Predictions of CO2 and CHs Sorption
in TZ-PIM in Multicomponent Conditions

3.1. Confidence Intervals of CO2/TZ-PIM and CH4/TZ-PIM DMS Model Parameters
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Figure S13. Surfaces enclosing the range where DMS parameter sets yield SEE < SEEmx in the
prediction of (a) CO:z and (c¢) CHs sorption in TZ-PIM at three different temperatures; (b) COz and (d)
CHs sorption isotherms in TZ-PIM calculated with all the parameter sets enclosed by the
corresponding coloured region in the plot on the left.

Table S3. Confidence intervals of the fugacity-based DMS parameters (average relative deviation <
1.5%) for CO2 and CHa sorption in TZ-PIM at three different temperatures.

! !
T kD,gOZ CH,gOZ bco kD,§H4 CvaH‘l- bC
H
o CMgrp CiMgrp 2 CMgrp CiMgrp 4
(°C) 3 p 3 (bar™) T 3 (bar™")
cm,, bar cm,,, cm,, bar cm,,

25  4.1271933%  70.5871275 112713374 1.4001315:  48.09123% 0.214 %5982
35 1.9821032¢ 89.53*%1% 0.378109%% 0.378139%% 67.121%%3% 0.087 15933
50 0.903133%7 924211282 0.26313972 0.35010%37 51.411323% 0.101199%7




S15 of S23

3.2. Uncertainty in Mixed-Gas Sorption of COz2 and CHs in TZ-PIM

Set 1 and Set 2 reported in Table S3 correspond, respectively, to the highest and lowest accuracy
in the prediction of mixed-gas sorption of CO2 and CHs in TZ-PIM, among all the parameter sets
belonging to the confidence regions displayed in Figure S13.

Table S4. DMS model fugacity-based parameter sets used in the calculation of mixed-gas sorption of
CO:z and CHs in TZ-PIM reported in Figure S14.

kD,COZ C;I,COZ SEEpure SEE nix
T cm? cm3 02 cm? cm?
°0) STP STP) (a1 STP STP
cm3, bar cm’ cm’ , bar cm’ , bar
25 4.179 70.03 1.270 1.993 7.62
Setl 35 2.150 84.07 0.454 1.898 5.16
50 1.153 83.35 0.333 1.591 7.60
25 3.961 75.19 0.849 1.995 9.35
Set2 35 1.807 95.82 0.316 1.896 7.50
50 0.626 103.55 0.209 1.597 11.07
kD,CH4 C;-I,CH4_ SEEpure SEE mix
T cm} cm? ben, cm? cm3
) STP STP) (a1 STP STP
cm , bar cm’ cm’  bar cm’, bar
25 1.393 47.23 0.239 1.049 1.83
Setl 35 0.280 73.01 0.081 0.947 1.14
50 0.010 71.73 0.067 0.798 2.17
25 1.174 57.59 0.160 1.068 3.73
Set2 35 0.071 93.98 0.058 0.949 3.34

50 0.594 30.715 0.152 0.799 5.63
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Figure S14. Dual Mode Sorption model mixed-gas predictions of CO2 and CHa at 25 °C (a,b), 35 °C
(c,d), 50 °C (e,f) in TZ-PIM, obtained with the two parameter sets reported in in Table S3. Solid lines
are obtained with Set 1, dashed ones with Set 2.



3.3. Effect of bco, on the Calculated Mixed-Gas Sorption of CHa in TZ-PIM
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Figure S15. Isosurfaces in the DMS model parameter space for CHa sorption in TZ-PIM at 25 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwix obtained with different

values within the confidence interval of b¢o,.
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Figure S16. Isosurfaces in the DMS model parameter space for CHa sorption in TZ-PIM at 35 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwix obtained with different

values within the confidence interval of b¢o,.



S19 of S23

TZ-PIM - CH4 -50 °C

| N P

0.17 begp =0-209 bar’’ SQEE,,,,,-(E 0.17 by =0-234 bar’!
. 014 . 0.14
5 011 "= 01
2 3
S 008 = 0.08
0.05 0.05
0.6 1 0.6
0.45 90 0.45 90
0.15 . 0.15 .
Kp 0o 30 *® Gy Kp 0 30%  Cy
3 3 3 3 3 3 3 3
(emg pfem_  fbar) (emgrpfomy ) (emg pfom fbar) (e p/em?,)
=T 2 =T
— -1 _ 1
017 Beg, =0-263 bar 0.17 by =0-283 bar
. 014 . 0.14
§ 0.1 5 0.11
a S
o 008 3 = 008
0.05 0.05
0.6 0.6
0.45 90 0.45 20
0.15 . 0.15 .
Kp 0o 30 Oy Kp 0o 30 Gy
3 3 3 3 4 = 3 3 3 3
(cmSTP/cmpollbar) (cmSTP/cmpol) (cmSTPIcmpollbar) (CmSTplcmpol)
TN P
— -1 _ 1
0.17 Bio =0-303 bar 0.17 by =0.333 bar
~ 0.14 5 . 0.14
5 011 " 01
2 £
= 008 = 008
0.05 0.05
06 06
0.45 90 g L 0.45 90
0.15 . 0.15 .
Kp 0 30 45 Cy Kp 0 30 45 Cy
3 3 3 3 3 3 3 3
(emgp/em . /bar) (emgppfem ) (emgpfom. fbar) (em3 plem?® )

Figure S17. Isosurfaces in the DMS model parameter space for CHa sorption in TZ-PIM at 50 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwix obtained with different
values within the confidence interval of b¢g,.



3.4. Effect of bcy, on the Calculated Mixed-Gas Sorption of COz in PIM-1
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Figure S18. Isosurfaces in the DMS model parameter space for CO:2 sorption in TZ-PIM at 25 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwmix obtained with different

values within the confidence interval of bcy, .
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Figure S19. Isosurfaces in the DMS model parameter space for CO:2 sorption in TZ-PIM at 35 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwix obtained with different

values within the confidence interval of b¢y, .
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Figure S20. Isosurfaces in the DMS model parameter space for CO:2 sorption in TZ-PIM at 50 °C
corresponding to SEEpure < SEEmax, coloured according to the average SEEwmix obtained with different
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