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Abstract: With vigorous development of petroleum and chemical industry, emission of carbon dioxide has attracted tre-
mendous attention globally due to global warming problem and abnormal climate change. To address these problems, in this
study, a PEGBEM-g-POEM graft copolymer with high CO, affinity was synthesized and CaCOs; was incorporated to form
mixed matrix membranes (MMMSs) for enhancement of CO, permeance. By varying the addition weight of CaCO; in
MMMs, high separation performance of CO, over N, was obtained. At 50 wt% loading of CaCO;, the greatest separation
performance was obtained with an enhanced CO, permeance from 22.5 to 28.16 GPU and slightly increased CO»/N, se-
lectivity from 44.7 to 45.42. It resulted from the increased CO, solubility of MMMs due to specific interaction between
CaCO; and CO, molecules. Upon excess loading of CaCO;, MMMs exhibited loss of CO, separation performance due to
the formation of interfacial defects. Based on this result, it is considered that the proper addition of CaCOs; is crucial for
improvement of CO, separation performance.
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2.1. M= H Al

Ago] AL8E FEA= poly(ethylene glycol) be-
henyl ether methacrylate solution (PEGBEM, M,~1500
g/mol, containing 50 wt% in methacrylic acid/water)
and poly(oxyethylene methacrylate) (POEM, M, = 500
g/mol)o| 713 HL calcium carbonate (BioXtra,
> 99.0%)°]W X5 Sigma-Aldrich Aol A T3kt
A0 FFF AAAR 220 EFE 2,20-Azobis
(2-methylpropionitrile) (AIBN, 98%)°]™ Acros Organics
Al Al FdstA Tt AR 432 ethyl acetate (HPLC
grade) &} E ©]-83}% 2™ DUKSAN (Korea)oll Al
datadrh. i 53¢ AAA =2 AREE polysulfone
2 Toray Chemical Korea Inc.ollA] #|38EQkom AR-&
g AlokES B BEe] Al A4 glol AREHATH

2.2, DX M=

27} 5 g9 POEM ¥ PEGBEM Y94l 50 mL2
Ethyl acetateol] T HE 182 8985 g
Zg2=0) Yl 0.01 g AIBN 7HAAIS 713
FttaA WF 7IAE N, o2 i) Sls) AR S
IAIZE &2 A8tk N, HA 4o i 1dat
o] Eolde IEVELE 70°CE 7143ty 3% &
F AfrEHZ FER v MYt HP"OI Jé
IEA &L n-Hexane H-EWE o]-&ste] A
3ratdon A AHS oy W wHEste] nnkgH
oA 2 a8 A XMHW% &t °*°1 l"&:
A5 3HF B 50°C 2ol Yo nEA W FES
SulE AAFGAT o]F FAH J_T':X]’(POEM—g-
PEGBEM)S PPE #7184t

rﬁ
t:l

2.3. 2|9 M=

Azd 184S 20% FTFHE oer&ed =3k
CaCOs9 FaF= 97| Sfstq] &2 TF tivl 25,
50, 75%<] CaCO:E 7Islden ®7] WS 7tz
PP/CaCOs-1, PP/CaCOs-2, PP/CaCO;-32.2 3}9iTh.
CaCO59| A& #4hs 98t shF AE A 230
A WA Aol A CaCo; EFAE RK
Control coater (Model 101, Control RK Print-Coat
Instruments Ltd., UK)E ©]&3ty] ohgAd AAA
polysulfone ¢loll ZH3IY 1EA B3-S ) 2314
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POEM-g-PEGBEM (PP) graft copolymer

Scheme 1. Synthesis of POEM-g-PEGBEM (PP) graft co-
polymer via free radical polymerization.
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th 38 A BT oA o]FolHom AlxH &
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2.4, 7|d Fof A¥

TS ot ek A 9 FA JPAE AlxH EA &
o] EAAZAT. AREH 1A EEdA= Airrane
Co. Ltd. (Korea)olA FHISIEoH 7AFEH =4
Fask 2grte wAE oF 102 em’o|qlth FHEE
Z1A7Y dle AdH B8 A7 de A 4EAt
&} A FAEE 71AY FEFES o8t FHEE S
At o E3E= F3-2 bubble flow meters ©]-8
sto] SAsIATE =3 4 7|AH|9 BAE B E o]§dt
of HE=E At FHEE F7)ske 9ee
gas permeation units (GPU)Z% 1 GPU = 10° cm’
(STP)/(s em’ cmHg)°|t}. S E FH5& oF 5% &
A5 Bt

3. Z21n ¥ IH
3.1. FT-IR (Fourier transform infrared spec-
troscopy) &4
Scheme 19 POEM % PEGBEM YA o]&3}o]
ZHr #BHZ %S Fl d4¥ PEGBEM-g-POEM
A E FEgA e 88 wk-g4lS YER AT Fig. 191
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Fig. 1. FT-IR spectra of CaCOs, polymerized graft copoly-
mer (POEM-g-PEGBEM; PP) and graft copolymer/CaCO;
hybrid.
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Fig. 2. TGA curves of PP and PP/CaCO; hybrids with
various CaCO; loadings.
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3.3. XRD (X-ray diffraction) &4

FE2 9 3EAHCaCO; hybride] AAHAS ZAS
7] $18t XRDE SAsHAthFig. 3). CaCOsE A9
& ymx nEA 2 3E2CaCO; hybridie Silicon
wafer 9]0l 7]2=®3te] XRDE =42 A3t PP
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A1 packingoll 93l A== AAAF FJ37F 19.4° 4
24.5°00 4 FZF AT CaCOsH0] H7Hgol weh &%
g0 Hx7} F71ste] XRD 71719 240] &3
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Fig. 3. XRD patterns of CaCO;, PP and PP/CaCO;
hybrids.
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532 7ke] &3} (miscibility) 2 ¥H A (compatibility)
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M (Scanning electron microscopy) &4
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4()~(c)) 3 DH(Fig. Ad)~(H)= =43ATh
SEM®] 7-¢- CaCO,9] #H7bgol F71el ujet 4”401]
HS5H= CaCOo; UAES 71 57kt =3 Fig.
4(a), (b)S] 7% Bute] W crack E+ defect]
glol Bejut ATt HFHOE o]RofHSE T 5 9
o} 3HAIRF Fig. 4(c)ell WEFY%o] PP/CaCOs-39] 79
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E H9 aggregation EsAth o]d £AEL 7]
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Fig. 4. Surface SEM images of (a) PP/CaCOs-1, (b) PP/
CaCOs-2, (c) PP/CaCO;-3 and cross sectional SEM images
of (d) PP/CaCOs-1, (¢) PP/CaCOs-2 and (f) PP/CaCOs.
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Fig. 5. Gas permeance and CO,/N, selectivity of
PP/CaCO; MMMs with various contents of CaCOs.
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