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Multiscale Models

z
:
:

¥ = 00061210 ;
R. H. vs. Permeance 160 R-omss &
+ CO, absorption 2 wor ;
. % " [
+ Reaction products = E'” o
+ Permeant m0b|l|ty ?’ 0.010 - ! e
E =]
g B 4
g s @ ¥ = 2519767 >
ng_ 0.001 - | R = 09964
i, ® oo 2 \
0.000 ’ ; : 3
40 50 @ n 0 Lo 100 % 4 S €@ 0 & %0 100 10
Relative Humidity, % Relative humidity, % .
- Swelling
(b) I - 0100e .
. e 190 Regimes
_ e @a@ 160 1 posccecd
_'E; 0100 /"’Q’ 140
e
2 0010 =
c ’O Z 3
g 88 /0'0/0 o® 3" .
m-
o]
nE_o.om . o %l ooo G o oRg
Y '. L 20 % " Q @
0‘00040 50 60 70 80 %0 100 %0 50 60 70 80 % 100
Relative Humidity, % Relative humidity, %

L. Deng and M. B. Hagg, J. Mem. Sci. 363, 295-301 (2010)

NanoMaterials Enhanced Membranes for Carbon Capture - Grant Agreement n. 121134



Volume Effects — Hydrated PVVAM
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« Pore size distribution
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What is the effect of (poly) electrolytes?
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Low R.H.: ‘Rare-event’ diffusion
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Arrhenius Behavior
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Similar activation
energies, different
volume effects

For highly hydrated systems,
diffusion follows Arrhenius power
law behavior. Tortuosity-controlled
environment as function of

protonation.
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Effective Free VVolume

Numerous polymer + solvent theories, e.g. D 1— & 2
Mackie-Meares equation — =
Dy 1+ &
D : diffusion coefficient
D, : bulk solvent diffusion coefficient
() : effective free volume 2.S- Mackle, P. Meares,

A232, 1955
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Protonation-dependent

Percolation threshold

. Charge groups acting
as gatekeepers

- H,O and gas transport
modulated by H,O
channels

Effective Free Volume
. lons strongly couple to
amine groups

Free-volume effects

dominate for high-T

« Decoupling of solvent-
polymer interactions

« H,O and gas diffusion
modulated by H,O

Summary

Percolation degree / Cluster size (Normalize)

In(D/Dy)

d AT A
. °
08 r -.I— ®
o‘,:" ,."J ,-"’
+ /e f' L]
06 /
04 hd
[ ]
Pore Limiting
! I Diameter
02} . i o
e * o .;. i
Lo ed 870 0.~
0 10 20 30 40 50 60
Water Content (%)
0
Ak 398 K
""""""""" 'y
2 o ® %8 o o
-] e N °
3t @ e T .. ® bt
° [} e T .. °
-4 +
5 [S] Q,! ’
S ® Y
© *®
6 | e
[c) €] ‘.\.
) e e
T ) o ‘-
e e
8t ) ‘e
-9 1 1 | | | ! \
0.3 04 0.5 0.6 0.7 0.8 0.9 1

Polymer Fractional Free Volume @

ture - Grant Agreement n.121134



Multiscale Models

xR 1 %
THE UNIVERSITY =
of EDINBURGH

FEEDSIDE
s iadion Cco N . .
gt f““’\\mm lz Empirical Models
S—dNH o « Diffusivity correlation
Molecular Models QHO | Only by ifusion H dratioz/PermeabiIit
« Transport properties e I 4 | Reversible - nydrat :

T . . of PVAm
« Explicit ionic species

< > reaction r
o s %
i ’ " B Macr ic behavior
. Polymer chain aaalid «_Macroscopic behavio

. 2 H.’O CO;_
conformation S .
Porous support{ g A A T
O, Na s .
PERMEATE SIDE g, N

03 0.4 0.5 0.6 0.7 0.8 0.9 1
Polymer Fractional Free Volume &

5 (i5s)
N\  lon-lon
O-o
! -8 6-

- Grant Agreement n.127134

SAFT Equation of State
« Water absorption

« "Reaction” equilibrium
« Speciation

f Reference Fluid
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Chemical Reactions

Reacting Water Swollen Polymer System
Adsorbed Water Molecules Enhance the Reaction

H,O + -[RNH,J- + CO, 2 HCOj + -[RNH;*]-
e O e
VAN
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Structural Modifications
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Reacting Water Swollen Polymer System
Adsorbed Water Molecules Swell the Polymer Matrix

/\ \ Adsorbed Water Molecules Open New ‘Windows’
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Diffusivity: experimental

Water Diffusion in PVAm (35°C)
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Two Regimes Identified:

- Water Sorption Around Amino Groups
- Water Sorption in a Water Medium Environment
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Diffusivity: Porosity

Matrix Porosity
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Two Regimes Identified:

- Water Sorption Around Amino Group S. Prager, J. Cherm. Phys., 1960
- Water Sorption in a Water Medium Environment Choi P. etal., J. Electrochem Soc., 2005
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PC-SAFT EoS

Perturbed Chain Statistical Associating Fluid Theory Equation of State
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pePCSHFT Results
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pePCSHFT Results
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H,O + -[RNH,]- + CO, 2 HCO4 + -[RNH;"-

b@o’é‘

Understanding Diffusivity Understanding Solubility

« The increase in water content open « The PC-SAFT it is able to describe the water
new windows in the internal structure uptake in PVAm

. At higher water content the species . The chemical reaction used can explain the
flow towards the water channels water role in the ion formation

« This causes the higher mobility / « The pePC-SAFT can predict the total CO,
diffusivity values uptake as function of process parameters:

Temperature Relative Humidity Partial
Pressure
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