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Introduction

¢ Global industrialization has led to an ﬁ t (—R B
. . . . xhaust gas egenerated solven
increase in CO, emissions. ) |

¢ Current industrialized separation of

. | D o P
methods rely heavily on energy Bl —
. . ; . nemorane gas GASPHASE
intensive technologies (i.e., current —
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CO, separation technologies). y
. memer J
“* Membranes provide a positive barrier | G conaining co¢ |§fg>ér;;_{;gg'nve”t ©
for CO, gas separations; this unique
. hani id FIGURE 1: Gas Absorption via Membranes
Separatlon mecnhanism avolas energy (Reproduced from: "CO2 Capture/Separation
cost associated with phase change, Technologies.” CO2CRC
. . . . http://www.co2crc.com.au/aboutccs/
unlike the traditional amine absorption cap_membranes.html)
process.
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Objectives

» To develop fabrication methods that yield composite membranes with
consistent CO, separation performance

“* To measure the CO, permeance and ideal CO,/N, selectivities as a
function of pressure for three systems: (1) uncoated polyacrylonitrile (PAN)
and polyethersulfone (PES) membranes, (2) support membranes coated
by a fluorinated polymer gutter layer, and (3) support membranes coated
consecutively by the gutter layer and a CO, selective layer of
perfluorocyclobutyl (PFCB) polymer (Detailed in Figure 2)
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Experimental

Meth Ods zPFCB Selective Layer
6Gutter
+» Bare membranes were Layer
washed in a MeOH bath
and then dried.
. _ RPANso
*»» Membranes were then dip- Bare
Membrane

Coated Into a ﬂuormated FIGURE 2: Composite Membrane
polymer acting as the gutter
layer and vacuum dried.

*» Plasma treatment followed
proceeded by a water soak
period before coating the
membrane in the CO,
selective PFCB layer.

*» A permeance testing
apparatus (Figure 3) was
then utilized to determine
the permeance by inducing

various pressures across , _ ,
FIGURE 3: Experimental Setup for Gas Separation Testing
the membrane and (Reproduced from: Sridhar, S. et al. Separation and Purification

recording the flux. Reviews 36.2 (2007): 113-174)

Vacumen Pang
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Results and Discussion

Uncoated PES Support

Membrane

10 15

Pressure Difference (PSI)

20

25

Selectivity
AP (PSI) CO2/IN2
7 0.848+0.005
14 0.817+0.005
21 0.790+0.14
Pore Size
AP (PSI) (nm)
7 50.9+4.2
14 39.8+3.1
21 26.3+17.6

« Selectivity and pore size is agreeable with the Knudsen Diffusion mechanism
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Coated and Untreated

Overall Selectivi
PES20 membrane AP (PS) co;)'m
7 4.95+0.23
o 12000 - 14 5.20+0.01
o 21 5.01+0.02
N
3 10000 + T T T 28 4.96+0.01
g 8000 T T T Intrinsic selectivity of
% the gutter layer
b s000 1 AP (PSI) CO2/N2
g oo | 7 5.49+0.21
c 14 5.59+0.31
2000 | 21 5.55+0.36
28 5.32+0.28

0 5 10 15 2 25 )
Pressure Difference (PSI)

* The composite membrane made before plasma treatment is reasonably consistent

* Intrinsic selectivity estimated through the resistance equation is different from the
overall performance of the composite
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Surface Modification Performance Data

Contact Angles for Unmodified and CO, Permeance for Modified and Unmodified
Modified Composite Membranes PAN50 Composite Membranes
7500 I 1 I I
® Composite Membrane with 7000 1 J- l J’
CM o zja,‘nuosite Membrane with % e I I ] Unmodifes M
Plasma Treatment § 6000 l 1 j . :lzaoygzaﬁsled and
» Composite Membrane g S T
5000 l
FIGURE 6: Contact Angle Measurements for T T e fop (=] ;f,o.,,, e
Modified and Unmodified Composite Membranes
FIGURE 7: Modified and Unmodified CO,
. g . Permeance for Composite Membrane
** Membrane modification (e.g., Argon P
plasma treatment and water soak) TABLE 2: Modified and Unmodified
increased the surface energy of the =omposite Membrane Selectiviies
. . . . AP CO,IN, CO,IN,
membrane while etching minimal
7 52840039  4.70+0.036
amounts of gutter layer from the surface.
. ) . 14 50540053  4.81+0.035
*» Modification decreased permeance and
o 21 50340028  4.75%0.025
C()2/ N2 SeIeCtIWtY' 28 493+0072  471+0.03
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Aging Effects of Treated and Washed
Composite Membrane

W24hr W134hr

5 10 15 20 25 30

Pressure Difference (PSI)

the selectivity remained the same

The cause is likely evaporating water

Overall Selectivity 24hr

AP (PSI) CO2/N2
7 5.17+0.05
14 4.98+0.04
21 4.90+0.11
28 4.66+0.03

Overall Selectivity 134hr

AP (PSI) CO2/N2
7 5.20+0.01
14 5.01+0.02
21 4.96+0.01
28 4.71+0.04
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Complete Composite Membrane
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» Low selectivity suggests defects on the surface of the thin film

Overall Selectivity

AP (PSI) CO2/N2
7 7.68+0.04
14 8.11+0.41
21 7.94+0.31
28 8.13+0.63
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Conclusions

*» The composite membrane fabrication process proved to be highly
sensitive to each procedural step, mandating consistency in the
methodology for constructing these membranes.

** Intrinsic permselectivity values for the gutter layer and PFCB
layer can be modeled by resistance in series.

*»» Permeance values, relatively high compared to current literature
reports, decreased with the addition of each polymer layer;

however, selectivity was greatly increased.
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Future Work

¢ A study of plasticization (s Gasiow |
. on-absorbed aas (N. embrane fiash module =~ Liquid flow
effects on the CO, selective  |"ereedoe; () [membrane fash mosue | | 7 T
PFCB layer can potentially pre—— .ﬁav X W0
elucidate the impacts of |
- . O S Liquid : Gas chromatograph
plaSt|C|Zat|on h& rgservoir N
. . cea . X X ,_, '----u.....{;'.j ...... CO,
< Industrial applicability of this oo [} ﬂ Veowm S
composite membrane e —Q.Cm'erw;mf’”m"
technology can be determined Liquid circulation pump

: FIGURE 8: Experimental Setup for Mixed Gas Separations
by carrylng out permeance (Reproduced from: Okabe, K. et al. Energy Procedia 1.1

testing utilizing a mixed gas (2009): 1281-1288)
composition (Figure 8).

Friday, July 22, 2011



