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Z5: AT 2dste] Al EAQ olitsea AAE A 2 NS Qs §2 B30 wE A e g
TR RS RS NA FEA HlE] B&F FA O] Ho] qlo] x| Fo AFHEekR QIAEAL Sk &
FH 2] vRtsd EAES ol iisiea S O}‘Zr Hojdt s Holdets a5 2H2e 543 34
7‘101‘/} 2 ”ﬁoﬂjﬂl& AgH o g AbgE 4 Hholl gl ZleR dERnh webA, & AFolxe ‘3 =iy
LopllA AREE F AES g‘z} s8] 2 ¥4 /MEE vxusA =23 s Edste E4A

m.m. FHE “}‘:L ATE TS AE wrE APl & AFollA ARSg Mzt g Ede °§°]% A
A9t P123 BE2FETAE 47 dEZ8loE ARl Ag7l AFEZE tetraethylorthosilicate(TEOS) & 1,4-
bis(triethoxysilyl)benzene(BTEB)S A3l tt. UEY 28-7| 2= N-[3-(trimethoxysilyl)propyl]- ethylenediamine—% A}

gste] A o R FAS JHES Eke Al 913 At AAA R UELZ7F QAL 7IAH A
=5 R 4 = poly(styrene-co-acrylonitrile)(SAN) 3 HAE ARESIATE & A=27T 7Fsst &l 74_%
(solvent casting method)*l] 2|3}l gvlZ+= dichloromethane(DCM)S ARE-3te] ¢ 2 = B o] B3 25
Azt HEH R e B52 olitstea FAE Sl8f 25°C, 1718 200X I (thermograV1metrlc
analysis, TGA)2] T]A| A& (microbalance)g AFE-3le] 24935193}

e 4

% by

Abstract: The development of solid adsorbents and thin films for carbon dioxide adsorption is still considered as a big
research area because carbon dioxide is one of main gases for greenhouse effect on earth and solid adsorbents have advan-
tages for its efficiency and post-treatment than liquid adsorbents. Even though mesoporous materials as a powder formula
have shown outstanding features in carbon dioxide capture, it is known that powder materials, as it is, have the limitation
under any harsh processing conditions and working environments. Here, we present the preparation method for polymer
composite films using several surface-modified mesoporous materials with high CO, adsorption capacity and nitrile-con-
taining polymers for various applications. Mesoporous materials were prepared with a cation surfactant and a P123 block-
copolymer as templates and tetraethylorthosilicate (TEOS) and 1,4-bis(triethoxysilyl)benzene (BTEB) were used as silica
precursors. As an nitrile-functional group, N-[3-(trimethoxysilyl)propyl]-ethylenediamine was modified on the silica sur-
face using post-grafting method. The homogeneous-heterogeneous nanocomposite thin films were prepared using sty-
rene-co-acrylonitrile (SAN) copolymer, mesoporous materials, and dichloromethane (DCM) as a solvent by a facile
solvent casting method. Carbon dioxide adsorption was analyzed using thermogravimetric analysis (TGA) microbalance
at 25°C under | atm.

Keywords: polymer composite film, carbon dioxide adsorption, styrene-co-acrylonitrile (SAN) copolymer, nitrile-mod-
ified mesoporous silica, solvent casting method.
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1950t TR olikstera HH A7 P HAA L,
o 2w HlEFe TR Zo]EX] S Folgl= A o)
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= A HSAY FRHEATOE o]Foxl EH S
SFA )= vig- o] dolt}. webA FHE 4 |zt o]
Aoz Apds] ek vt AT

framework(MOF)L} A8 &7 T vZoayd £ Jeo
EdE0] Wol] A7EAn. oA B2 19924 A
A==, 7S iRl B ol AHEGAIE 7]
T2 UEE FTYPOE ARES S (pomm) TZ2] MCM-
41 A2j7} Sdolr}. el Tt 28718 vlawd {4 &
A A, BlwA FAE] A9 B Al A 8 4
T7F 8=} gith! olhksleka S&boll= #E7] FollA Y
Ed(nitriley |2 FHS /e YAEo] oksteti F3fol
E A%5S Bt olelolx T WZtlEA carbon nitride,?
HETFEA MeO/TIO, £8 AHE U975 amidoxime 2+
|717F N9 wzu3A 71887 5ol olikstera &
Zhof| w2 F5S BYS SR UELDV|E XgE
AR, & xHe| F71S e EFE0] oklsteA 32
o] 2rol= o= Al S Zh= olilsteAe) wEgs)
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Zan, 44148 A35, 20174

o] HojUA] et} 71E Wi E EHo g vEAF XA ¢t

of 71Fo] e F7] A7t e A o] SHAE B

AL v Aol FAU S RS ARSI TRk &
s

A2 o] &5 H3A 5 AxRE olitsteAa S-S
sle =Eso] vk

A AR HE LEAE 71EA R A EEE 919
A A A (matrix)° A WE 22 ARA ZE AR ARSI ARl T
Aske A5 (free volume)S 7R 2L Qo] A o] AkabekA
Aol] AeS Hole A50PY dEA Q). Begk UEYY]
7} A FARE] e EE] o] = (polyamide) E2] ol
gdlo]q] (polyethylene imine)” F& ARS8 o|2bsleks &
FE&0] e o= dHA
2 AFox e dzoed Agrt ol 71l 34
sfaL =3k gEsle] osf deAe vzt 2] RER
Aol mpE FEA} AAA| 2] £ G = olhkslerA FE
BIE Blael BaAk epink. AEAt AR A 2 o] AkshekA
T2l =go] 2 F= U= nitile(-C=N) 287171 BARE
2 EAfshke ZgjolaE 2UEY (polyacrylonitrile)?} Z2]2<E]
@l (polystyrene) 22 -J%¥ SAN(styrene-co-acrylonitrile) &
FHE AT vzt 42 MCM-41, SBA-15 9]
of widlo] vhe]x= A4d vzrsA f71427Hperiodic
mesoporous organosilica; PMOYE ZH2} $HAJ 31, T4 2
Z 9 (post-grafting method)© 2 S N-[3-(trimethoxysilyl)
propyl]ethylenediamine(TMPEA) 2.2 7] A 5lef Al&-3FS T,
2T EEE EAkge] oE A7 F74] SAN 3%
GA| o E3tetd = mpo|AE W E FA o] vrekS A 253
o} 53ure] 78 AL A7F XA AR, dA S
2Py, FARIRRAE (SEM) 5] AREEIUAL, oliksieta: &
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Chemicals and Materials. " %t}54 d2)7} 4S5 ¢
dst7] Qg Ese R Fol AHE/ZAR hexadecyl-
trimethyl ammonium bromide(CTAB)®} Hlo| A 5 53t
A21 Pluronic P123(EOyPO,EOQ,) S AHE-3IA T A7} &
714217} AF+EZ-E tetraethylorthosilicate(TEOS) (Figure
1(a))2} MATZE 7EAAL A= 1,4-bis(triethoxysilyl)benzene
(BTEB) (Figure 1(c))& AM-3ITE UES 287]|2% N-[3-
(trimethoxysilyl)propyl] ethylenediamine(TMPEA) (Figure
1(d)E ARg3IT vlztd &4 AxE 98] NH,OH, 9
A 89 (35~37%), lehE, oMAllE, EF<lle] AREHATH
EEIAE A zsl7] 18 &2+ dichloromethane(DCM)
= AH&SIATE 9 A9FEE B Sigma-Aldrich ARollA
i3}t SAN 353 (Figure 1(b)y= LG3FShollM & &
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Table 1°] GPCSt 'H NMR 59| 3oz deojzl SAN &
A9 A1) styrene/acrylonitrile EY] 52 UERNSICE

Characterization of SAN Copolymers. SAN &% 34|
9] styrene/acrylonitrile EH]E &ohir] £18] 'H NMR 4]
< SIth NMR A2 g 71224 A7 A2A
AEJ oA Varian Unity(INOVA) 500 MHz 4812 AME-81915L
%5 EAR tetramethylsilane(TMS)S AR&-3F T

SAN 24| 2% 82 S8 AN d AL
(KOPTRI)*| A1 EcoSEC HLC 8320 GPC(Tosoh Co.) & F
I AZ2uET2 3] (GPC) GRS ARSIATE ALEAE 3 mg/
mL®] FE= THF &ujjoll %5 0.45 um PTFE AHA] ZH
2 Fe"e &, 10 ub 2224 €95 0.35 mL/min®] F52
E 40°Ce] GPC ZHel Fysiitt. HF EAF -
HiEl 35 ASEE BHASt] A4t
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Figure 1. Schematic illustration of several chemicals used in this

study: (a) TEOS; (b) SAN copolymer; (c) BTEB; (d) TMPEA.

Table 1. Characterization of SAN Copolymers Used in This
Study

Sample  MI  figpax’ M, (g/moly M, (g/mol) PDI¢
SANI1 25 11 49000 149000 3.04
SAN2 29 11 46000 126000 2.74
SAN3 55 10 30000 81000 2.70

“MI = Melt flow index (g/10 min) obtained at the condition of 220 °C
and 10kg. fosean=molar ratio of polystyrene to polyacrylonitrile
obtained by '"H NMR; M, = number average molecular weight; M,
= weight average molecular weight; “PDI = polydispersity index (M,/
M,) obtained by GPC.

B 83 BB Az 2 ol usEE

i)
&:

= 415

Il

Preparation of Nitrile-modified Mesoporous (Organo-)
Silica. UEZ /I ¥ vzt A7t 29 2 2
AR st FER Ayt ATEA R vxued A
7ol f71del7E e &, Al 32 I WHoew
UEZ7]E F28Th

Wzrhsd =20 ekl A2 that Zolsiith: 1)
CTAB-TEOS(CT) - 914, Hjo|&o] ogh& 45.6 mL, NH,OH
35mL, 575 30 mLS 93 CTAB 1.5 g& 2ol 30°ColA
2A17F B9F A wwHkelit). ©]%, TEOS 3 mLE H7ksiaL
oS 30 °ColA] 8AIZF wHkste] A S ATt vlo]
Ao A mladg vEE A ABEL 100°C LB 204 7F A
A7 &, A7) odlES olehe 2 ZAQtdZAA BT
HE AATh BE Holdle AHEAAE glol 7] flsl
AlE ZdS F @Al AAA Algataatt. obAlE 60 mLell
AR YA 60 °CollA] aF B wRkste] 7hqtei =t g
3 ThA] oEkE 54 mL, HCl 6 mLE ARR-8F] 80 °CollA] 3}
F 5k waksA T HE MES e} 80 °ColA A
% Fof dojxt}. 2) P123-TEOS (PT) - Hlo| Lol S/
75 g2 HCI 15 g& a7 §1&31Q0 P123 2.5 g2 =] CTAB-
TEOS®} 22 o8 VA MES A3l 3) P123-BTEB
(PB) - H}o] &)l ZF<= 108 g3} HCI 0.5mL, P123 3.0 g&
He T, 8NG 40°CoA 2A17F Bt A wakstelth 1
%, BTEBE 2.98 mL H7FslI53L 40 °Collx] 8A17F ankaiad
t}. 2), 3 AFL] o]F AL 1) Lt

UEZ 59 39 73R A AE 1 g2 579 60 mL
o] 8327|322 TMPEA 0.6 mLZ 37}8 3, 110 °CollA] 20
AlZd akskal 7Hfod 5 st FHISHATH A& ol
CTAB-TEOS, CTAB-TEOS-TMPEA, P123-TEOS, P123-
TEOS-TMPEA, P123-BTEB, P123-BTEB-TMPEA % g0

Table 2. Physicochemical Parameters Determined from N,
Sorption Isotherms and Small Angle X-ray Scattering

Sample Saer v, Dys dyp a t
name  (m’g) (cc/g) (mm)  (mm)  (nm)  (nm)
CT 879.61 0.738  3.56 3.93 4.54 0.98
CTT 34112 0.015 234 4.03 4.66 2.32
PT 762.24  1.024  8.09 9.95 1149 340
PTT 207.08  0.304 6.55 10.11 11.67 5.12
PB 958.67 1.119 8.11 1067 12.32 421
PBT 19325 0344 694 1095 1264 570

Sser = Specific surface area calculated from adsorption data in relative
pressure range 0.05-0.20; ¥, = single point pore volume calculated at
P/Py= 0.99; Dy;s = pore width calculated at the maximum of PSD
using KJS method; d, = Bragg’s d-spacing (= 2 wg*, g* is the g-
value at the maximum of (100) peak for hexagonal p6mm structure;
a=unit cell parameter (= 2d,00/\/3 for p6mm); t = pore wall thickness
(= a— Dy;s for p6mm).

Polymer(Korea), Vol. 41, No. 3, 2017
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& z+z}, CT, CTT, PT, PTT, PB, PBT= =<}Fslo] Al&-3}
AT, Table 201 7t AlZo) thal] A4 S22 A3 ARE
7170 Azt XA AlghHo g Ao dHlolHE AT

Preparation of Polymer Composite Film by Solvent
Casting Method. 3d3 YEZ o] F2t4 vzoyyd 54
7 SAN F5HAS Eete] Ve B oA vhekE A xs13l
t}. ARESE SAN F53A= Al7EA|(Table 1, Table 3)°™ Y
Edo] Hatg wzuyd EXE A7IRE ARSSaL, 22t
50, 70, 90 wt% ¢S] MlEHsA =2 EFst] T 27
7EA1 9] E3heke A 23} tH(Table 3).

A SAN pellet 0.3 g2+ A 27} 150 mg(50 wt%?] 73-F)

Table 3. Nanocomposite Thin Films Prepared with SAN
Matrix and Mesoporous (Organo-)Silicas

SAN Functionalized Amount of Sample name
polymer mesoporous mesoporous of composite
MI) silica silica (wt%) film

50 SICTTS0

CTT 70 S1CTT70

90 S1CTT90

50 S1PTT50

SANI1 (25) PTT 70 SIPTT70
90 S1PTT90

50 SIPBTS0

PBT 70 S1PBT70

90 SIPBT90

50 S2CTT50

CTT 70 S2CTT70

90 S2CTT90

50 S2PTTS50

SAN2 (29) PTT 70 S2PTT70
90 S2PTT90

50 S2PBTS50

PBT 70 S2PBT70

90 S2PBT90

50 S3CTT50

CTT 70 S3CTT70

90 S3CTT90

50 S3PTT50

SAN3 (55) PTT 70 S3PTT70
90 S3PTT90

50 S3PBT50

PBT 70 S3PBT70

90 S3PBT90

Zan, 44148 A35, 20174

T 210 mg(70 wt%) F=E 270 mg(90 wt%)S 2101 DCM
9.7 goll 2L A& WRESIITE FHASE 4171 o wikele
0] #dF §o] HEF sl dApet AR E4b
S S8l A7 E9F 259k A2l F RIS fume =
2 &7 A7 10 eme] petri disholl Hol T Aol A 31
A1t DCM2| =3 0] 39 °Co| B2 g2olA 154
A 7IHE]al gl Yol 2 &uilE AA st HF
W9 vheke 9d3ITE. Table 390 7} 59 wphate]
37 AEES JERAAT

Characterization of Mesoporous Materials and Nano-
composite Films. WZtgA 4o tiaf 47 XA Aksd
H(SAXS), 24 522 A, IAE PCek ¥Si NMR, €
A Fol o]FojRl on, A} V=B A uhake] o]
ME SAXSE FREAE 393 FA AAE )7 (SEM)L
2 dhete] W SHe] REZAE A6

a7k XAl A Ade 23RS 71571 3C WEikle
AFHE=10.5199 keV, 1=1.1785 A)yS Al&3le] =&t
7t AES e AE 2Uo B3 GES Ho|ZE HS
g & SAsIt

Ak F-E7 2248 1196 °CollA] Micromeritics 2420 &
712 ZAEIAT MEEL2 110°C 7F AJeiellr 2417k ©]
7} AAE sl AE W] e 71AE AAT § S
t}. BET(Brunauer-Emmet-Teller) ¥] %™ &2 At 2 o]
0.05914 0.2 Atele] &3 T4 2RE Aits At T
A3 718 Fae 0.999] Aol FAE 24l o
ZRE A}, 718 Z7] EE(pore size distributions; PSD)
£ 7NA%E KIS(Kruk—Jaroniec-Sayari) o2 &3 524
O 25E ARMEJT 71F HFA (e SAXS Ao E A
o7 ] A Zol(a)plA PSDY] Hujglollr 4L 7|F =
71(Dgisy& et (ie., 1=a— Dyys) 7783k 0h SAXSSH &
A FEFoz A2 HHE Table 20 YERSITE

A BC PSi CP-MAS NMR 2= E&L gh=7] %374
R LATFYL AMEAFAE 2] 4mm magic angle(MAS)
spinning probe”} 2% Bruker AVANCE II'(400 MHz) 7
v AME-3ISITE BC CP-MAS NMR A 3x74-e v23) 2
t}: 10 kHz2] spinning rate, 3 s2] delay time, 100.62 MHz
9] Lamor 37, 2 ms®] contact time. 2°Si CP-MAS NMR
AL oy 27102 Atk 6 kHz®| spinning rate, 3 s
delay time, 79.488 MHz®] radio frequency. & A5 Z
tetramethylsilane(TMS)& AH8-3}51

HEZ7|9] A 42 g 712 AR AA7 A4l
E{9] Flash EA 1112 series(CE Instruments)s ©]-&35}o] £
Skt

FARIAFAEE (SEM) ©]H]A]= TESCAN VEGA3 gHE
15.0 kVolA ARE-ate] At

Analysis of Carbon Dioxide Uptake. o]t} gha &2}

d




232 TA instrumentAt2] Q50 thermogravimetric analyzer
(TGAYE ARl BE 2 A A5 2104 218
AT} Mol ES A A2 e 2R FEx
tA] Az 2] A9 oF 10~15 mg), A4 54 100 mL/
min 271 3lollA] Ao A HE 110°C7HA] 5 °C/mind] &%=
E SHFI 110°ColA oF 1208 &< S=22dHE A8t
2 YHe tE 7IAEE AASAA sk o] & A

2L E A 25°CE WEFUT old g AAe7F 2
vlZ o]AkslekA §45 60 mL/minet 4 <% 40 mL/min®
Z7 3Pl 180 BE= 540 BQF 25°C 52FAo® F4
AIE SAsIAT. dAE] F olikslerd: 7|A|7F o7k Al
AFE e FAMSE TGA “dHlo AEE micro-balance=
SAste] olrkslera SRS AlteIT) dE2to = A7t

ot e

(a) (b)
g CTT g A
> B
: z
£ PTT] £ B
5 5

PBT C

01 02 03 04
q (A7)

Ln Intensity (a.u.)
Ln Intensity (a.u.)

q(&7) q (&)

Figure 2. Synchrotron SAXS patterns recorded of (a) nitrile-mod-
ified hexagonal (p6mm) mesoporous silica and (b, ¢, d) composite
thin films using a SAN1 copolymer. The sequence of the SAXS pat-
terns from (b) to (d) refer to the following samples: (b) composite
films using CTT; (c) PTT; (d) PBT. A — 50 wt% silica, B — 70 wt%
silica, and C — 90 wt% silica, respectively.
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Nitrile-modified Mesoporous (Organo-)Silicas. Figure
2 & AFolA gt YEH] F2kd wjzried A
7} 2@ 5714871 MEZ2] SAXS FH S Yehdith CTTE
MCM-41, PTT= SBA-15, PBT= wlAld @71l 212 YER
< A AEECth A7 AE BT pomme] SHE T
X5 veRlH, A b 325 E FelAl=le. ~
27/q) 2+ A E2] Bragg spacing= 4.03, 10.11, 10.95 nm®]
Hott, o|=NE 7t MZe] WRMIE Zol(a)= 4.66, 11.67,
12.64 nm= AAFE T} Table 200 ©]= A g]sle] JeR)ATE
TS Figure 2(b-d)ollA] HoJX| 0] SAN ariEAke} E3}E o]
T O 3RE D fARE RS € A

Figure 32 24 §-83 5243 125F ol 7192
Z71EEE et UEZS o7 A AZ3 YEES £
3l o thsl ¥laste] YepfATH

o thsll WZ2715-& YERHE type IV 4 F-
TS BT, P123 EEFSIAIE HESe
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N
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Figure 3. Nitrogen adsorption-desorption isotherms (a-1, b-1, c-1)
and pore size distributions (a-2, b-2, c-2) recorded for hexagonal
mesoporous silicas (A); its nitrile-modified samples (B).
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2 A3 79 A A hysteresisES HG T} F&o] F43}
Al EoHAE = 1571% ZE UERH, 7159 27
of we} th2A JepgS ¢ 4 Atk CT-CTT(Figure 3(a)),
PT-PTT(Figure 3(b)), PB-PBT(Flgure 3(c)) AZoll thall BET
H A&z} 8790014 34 m?/g, 762914 207 m?/g, 95991l
A 193 mYgo & Yot 7|9l & Fux YEY 7l
g} 25 GolR= Ao Figure 3(a-1, b-1, c-1)2] A9} B

2 520 Folg Fall & ¢ sirk UEDY] Sl o

F ¥R By 7hAS 3o1d 4= 99t). Table 29 2
A2 #ES AElste] YeRAT

KJS(Kruk-Jaroniec-Sayari) WH o2 Aojxl 7|F A7) &
FEE Figure 3(a-2, b-2, c-2)°ll ZHzF el YE- |7}k
f1E CT, PT, PB A=< 3.56, 8.09, 8.11 nmE 7}z B3
YEZo| 228 CTT, PTT, PBTS 2.34, 6.55, 6.94 nm= 7}
7} ol WE™Y] F7te] o3t 7] Wi 37k 24
Aoz AztEnt. SAXS 232 42 Sy SeAxE 4
°](a)°ﬂ/\1 71FA7E e 71 ¥ FAE ¢ & Uk d

FAE 2+ AZ) dis] YEZY] £& A1ZE50] 1.3~1.7nm
;ﬂc Z71He & 5= Stk Table 20 A E WixoaA &
Aol 71 4 @Aﬂ AeEste] YeRAAT

Figure 4= UEZES &o)7] 3} F2] IAVE *Si CP-MAS
NMR 2=#|E#S Yepdt}. Figure 4(a-A)e CT A=l o)
3 2~EZOR 9], -101, -110 ppmol A A& 2l A7}
49 F9Rl 0 9AE HAth Al I3 = O((HO),-Si-
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Figure 4. Solid state *Si CP-MAS NMR spectra of (a-A) CT

(MCM-41); (a-B) CTT; (b-A) PT (SBA-15); (b-B) PTT; (c-A) PB;
(c-B) PBT mesoporous silica and organosilica samples.
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Figure 5. Solid state °C CP-MAS NMR spectra of CTT (a); PTT
(b); PBT (c) nitrile-modified mesoporous silica and organosilica
samples. Numbers in schemes represent the chemical shifts (ppm)
for respective carbons simulated by ChemDraw software package.
Asterisks refer to spinning side bands of cyclic phenylene group in
PBT sample. Dots are for residual polymer templates.

Table 4. Elemental Analysis for Nitrile-modified Mesoporous
Silica and Organosilica Samples

Sample N (wt%) C (Wt%) H (Wt%)
CTT 5.46 14.62 4.05
PTT 5.53 13.69 3.84
PBT 6.06 27.48 4.94
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SAN/Mesoporous Materials Nanocomposite Film. Table
1o & AFof|A] AMESE SAN I A 37141] MISF &4
&, styrene/acrylonitrile EH] T FHE YERHAT
Styrene/acrylonitrile®] EH]= 3%F-5F 25 H|SSF 10~112 &

Figure 6. SEM micrographs of (a) CT; (b) PT; (c) PB samples,
respectively.

C)

Figure 7. SEM micrographs of (a) CTT; (b) PTT; (c) PBT samples,
respectively.
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Figure 8. Representative photos of composite thin films of MI ((a)
25, (b) 55) of SAN copolymer and amount of silica ((a) 50 wt%, (b)
90 wt%). Numbers (1-3) represent different functionalized meso-
porous (organo-)silicas such as (1) CTT, (2) PTT, and (3) PBT,
respectively.
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A BpekS Al ZzSAL 7F S-S W ste] YR
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Figure 9. (a) SEM micrographs of surface section of composite thin
films containing 70% of CTT silica with SAN1 (MI = 25) copoly-
mer; (b) cross section (magnification: (a) 5k, (b-1) 3k, (b-2) 5k,
and (b-3) 10 k).

Figure 10. (a) SEM micrographs of surface section of composite
thin films containing 70% of PTT silica with SAN1 (MI = 25) copo-
lymer; (b) cross section (magnification: (a) 5k, (b-1) 3k, (b-2) 5k,
and (b-3) 10 k).

3 S P82 SEM 1412 39ITE. Figure 9% SAN1
FTEHACE CTT 70 wt% 29| vheke ¥ S s
Ffgl ARl Figure 10& SAN1 358419 PTT 70 wt%
o] %3, Figure 112 SAN13} PBT 70 wt%2] 3] Bhut
ol ek Zlole}. Figure 9(bye 78] CTT 4] Fej7t 2
2 =upe, 4R YA Bl g7t Qs o]
I} Figure 10(by= = ¥#ke] PTT FEN7F 2ol Figure
9(b)et 7ol YAkl YA Hlofl= Fat= #EE T Figure
11(b)9] 7, th& it g ¥l Fzke] 7P A vehdt
3 UxTE 7P A &5l ® Ao g #EEL o= PBT
£ 3k e WAl Zke] gl 253 SAN 359



Figure 11. (a) SEM micrographs of surface section of composite
thin films containing 70% of PBT silica with SAN1 (MI = 25)
copolymer; (b) cross section (magnification: (a) 5 k, (b-1) 3 k, (b-2)
5k, and (b-3) 10 k).
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Figure 12. Comparison of CO, adsorption kinetics obtained by
TGA microbalance: (a) mesoporous (organo-)silicas; (b) pristine
SAN copolymer thin film.
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Table 5. CO, Uptake of SAN/Mesoporous Silica Composite
Films under CO, Flow of 60 mL/min and N, Flow of 40 mL/
min at 25°C for 180 min

Sample CO, uptake (mmol/g)
SICTT50 0.3364
SICTT70 0.4631
SIPTT50 0.2608
S1PTT70 0.3287
SIPBT50 0.1595
S1PBT70 0.2234
S2CTT50 0.3200
S2CTT70 0.4108
S2PTT50 0.2956
S2PTT70 0.3636
S2PBTS50 0.1848
S2PBT70 0.2016
S3CTT50 0.3009
S3CTT70 0.3538
S3PTT50 0.2478
S3PTT70 0.3736
S3PBT50 0.1638
S3PBT70 0.1829

Carbon Dioxide Adsorption Analysis. Figure 12(a)<=
TMPEAZ 7§ &3st vzt &2 CTT, PTT, PBT A1&9]
7, AFelx e olhksheka FE AFo|w, Figure 12(b)y=
e SAN T A 37HA] 9] oliksteta F3F Aol
v zohrAd B2 A9, Figure 12(a)llA Hodx)=o] 34]7F
59t PBTZ| 2.0 mmol/g A =2 S22 7MY =& g
Helth, CTTS PTTE 1.4 mmol/ge] ¥53h 3H BTt o)
7] 2ol vz EAle & BEA} 22 4 571 (vapor)EQ]
Ed o] vopA] St L7t wE BV o}, B=5A1E Q1
Ho| ¥4 EAFE0l SAliske w4l vls) Aele=E,
A FEAR AR v At 9] BF ASAE U
Efi= -OHS} -NH, 5= o R Xthd, 54 714 &3
FaARE T F Jdong oilslekid vl§) Ty A
FHol wE2A gty F2E g Sk weba] HlSF/dolw
A AR Fshs wiAlgs) 722 #AE5e] EHel -OH
TE NH, 259 255 U5 E349 ekt 53 &
FE T BE F deH o= Qe BFA o]ikstEAg)
&2 295 25 o SN F AeS YUERth 71A
olxbsletie Ao vl5A4 Ao, A=A (quadrupole)”}
EAIste] A W 7hedlel 91X wha Axke] HAAE Tt
wo FEl 2 EA8 WAl 152 oA el o] A
gl EAl= AR} F5-3H(electron-rich) El'do] )3} o]
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Figure 13. CO, adsorption kinetics obtained by TGA for 3 h
according to SAN1 (MI = 25) and amount of mesoporous silicas:
(a) 50 wt%,; (b) 70 wt%.
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Figure 14. CO, adsorption kinetics obtained by TGA for 3 h
according to SAN2 (MI = 29) and amount of mesoporous silicas:
(a) 50 wt%,; (b) 70 wt%.
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Figure 15. CO, adsorption kinetics obtained by TGA or 3 h accord-
ing to SAN3 (MI = 55) and amount of mesoporous silicas: (a)
50 wt%; (b) 70 wt%.
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Figure 16. Comparison of CO, uptakes for 3 h by TGA for com-
posite thin films containing 50 and 70 wt% of silica contents.
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