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% E LUEEBAALSNTE (WTVS) ok, i i i Ak 52 0 A ik 12 3% J7 12k il 4 K ALY B 7 28 e il (SM-
D001), Jf45 HAE hy CO, WL A AL Y A4, SR T N, W B -Ra B . {8 B A8 e 21 41 6 % (FT-IR). A EE 430 BT (TGA).
I BT (SEM) ., TR 7R 12 45 2 B K AL B 7 22 B i S (SM-D001) #E A7 % fF . %48 T AR IE B LRI . AR &
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25 g, L PE/K L R 90:10, B ALAS [ Ry 5 has, 4 09 B 28 e BEIE X CO, Y O A I B A 3 1.87
mmol-g™. DA SM-DO01 R #4K, F.LHG75 e (PEHA) S BCER, SR FHTC A7 32 il 4 (0% 1 25 i Wik B 5 %5 C O, 1 W% i g
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AL R G Y AR AR AL, A A SO B A ], EEE ] T A RS K Yy
SEET, HABRSMEE LR, ZHANG 5P LUK IH PR A # AR o 5o, 58 i 0 F 310 Fn 2 i
A5y il 5 B ES - ac e B, B TR KAl h E A8 Cr(VD. tesh, BREEH T fha Rk e
AR K i CO, i T A E AL . AR AR N, KRG BB R L TR S
(IPCC) Fitill , #% % 2050 4, KT CO, MIRBU B A 2] 0.55%107°, FEitk, XF CO, M4l 8 Aot I
At e sz 2 S T U R RE RO BR R AN CO, BT AR 5 Al Sk, AT R IH 3R 45 B A8
4% g IR FH T CO, i 42 ) 8 A5 20 A S, T e AT 5 e DL

AR LA IH B A HLAN7e (WTVS) S o), 38 i B 1k S vy A ik -1 35 7 15 R il 4 SM-D001,
AR R CO, W B A R A9 24K 5 R TN, W B -5 B e HE AR e 21 A1 O 3 (FT-IR). #AEE 43
(TGA). i HLEE (SEM). TR 4 T Be vl SM-D001 #E 17 £ 4E ; Z 8T AEIE RN E . LBk
J5T LG R EFL A ) 45 4% 2 1 4% B9 SM-D001 X%t CO, WL [t i J1 B s i s I Lh SM-D001 K #kik, 2
1575 e (PEHA) M ele PR, il & B SR B 571, 5 %8 T PEHA i it X CO, W Fff 68 1 5z i,
HEAT WL Bl 1 245, Sl i — 25 UF B [ 285 e 8 B 700 X C O, Wi o Aot 7 2 4y 3L WA o £ 2% g 4 ] £
MR gs5ie it =%
1 #MRl5RE*%
1.1 LIEHR

% H B A AL 52 (WTVS): & B E RS RN ARAR; & H b (M=84.94 gmol”', o=
99.8%): KT BHERALF IR F A PR 7l s Wi BR (H,S0,, M=98.08 g'mol™, 95%<w<98%, /i
a). SEHATFHAIFEXEMAT]; 8IS NaOH, M=40 gmol', ©=96.0%, sHr4l). K
WAL R T IEIRA) s I BikE (M=100.20 g'mol ™!, 97%<w<98%, s #ral). KW & Tk 41k T
HBRAT JK OB (M=46.07 gmol™, ©=99.7%, 4rHral). KA LB 41k 25 8T & A R A
Al ; LA (CuClL-2H,0, M=170.48 gmol™, ©=99.0%): Kt bR FIARAE; KN
& (PEHA, M=232.38 g'mol™"): L& e AR AR A s N(F 4, ©=99.999%) FliR & <
(15% CO,/85% N,, 1A 3%0): A4 Tl UERA .
1.2 SM-D001 A&l &

¥ 2 g R IHEB LA S AR AE 20 mL 19 S H b, PRI L AGE BB IR , P s), =X
I FOCE — BB RS, W0 NaOH W, EEBRWCON M, BE2WRMHTK CERTE, KBk XkH
FEREFR AN RIR B rh i) G e, AEEIR T T8, 15 B0 BRI BUA BE UKL . Jef 2 o B R 490 T4 A g Tt
BiE A 100 g 2P /7K IR A W 500 mL PO FHGe i, R A I FURLAE 20 B /K IR A WP 4 1034 2]
G, BIMAIERHRE, fE—E R TR Sh)a, ik, fRREANERER, St igat
W, mZ45%) SM-D001,
1.3 E7SBR IR M5 a9 H &

¥ SM-D001 & T Ik LB iR 6 h, BREFREERIE T A HLY . T4 SM-D001 & T
SALH S (0.25 mol-L ™) IR 12 h, f# Cu®™ 5] 4 A #E SM-DO001 £ 1fif, K SM-D001-Cu Jil A 20 mL
) PEHA ST, # 3h, AEZEE T, TS5 SM-D001-Cu-xPEHA, H.rf x {3 PEHA 4 [#
A5 T W B ) B o A g, RO LK (D),

x= Mrea x 100% (1

Mppya T MsM-D001-Cu
K F s mppga HPEHA BIIRE, 25 mgypoorco H SM-D001-Cu FYJfi i, g.
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FES A S5, FH KBr JE H, R F A B k78 46 21 41 5% 3% 4L (TENSOR-27 &I, % [ BRUKER 7
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Fl), 7E4000~500 cm™" I W B R AR A A AR L o AR #5 BT I (NETZSCH STA409PC 7Y, 7l 5]
Netzsch 23 @) 3 W BF 5] B 084 52 M, 76 40 mLomin”' A9 N, R85 F, DL 10 Kemin™' (9 FHIR 2, M
ZEITFE 700 °C . &1 SEM(JEOL JSM-6700F %I, H A HL TRk &tk WAL 571 R m e i . Fl
[t 2% 1 AL 2 Y (ASAP 2020V4.01 7, 3 [® Micromeritics 23 &), £ 77 K N il #53 N, W% [ -1 B 45 I
2 AR P W 6 -5 B A ViR 46 b B9 s, A1) A Barrett Joyner-Halenda(BJH) 77 ¥ 8 i FLAR A il £k . R
FFLAE M 52 A (Poremaster33 7, 3% [E Quantachrome /A F]), HIEEAFHUEEREE, HEES KT,
W R EAFE TG T, SRIF AR S A S RIS SR T 00T, SR T 1R 227.5 MPa.

1.5 CO, IR B3 pft S0 36

CO, M i B S 36 76 4 151 1 i 7 19 i1 2 R i IR —
A (A2 10 mm, K 200 mm ) A 45 8% ) h e T
BEAT o FRICT g MR GR BT R AR Y, 7E 30 N,
mL-min"' B9 &40 N, A F 80 °C WK4d 1h, BR el

Z: Wy FR BF A H,O F1 CO,. 5 W JFF 571 ¥4 40 2 1%
PR, SRR SR YI 8 15% CO,/85% N,, JT
TR B S 5G . 1 CO, e i S AH @Y (PE
Clarus 500, SEE) &M, X4 10 CO, W JE % F
T CO, WY, CO, W B 52 it o K W B 551

A — A
T el PR 2 e

M2 80 C, HEFEAARDIH A N, JF 4R B bt 52 MR RS ’i‘*ﬁ‘@.ﬁéﬁ(
5. M ORI R F Co, B, CO, i 5E AL 1 BEkRNESEEEE
CO, W ke m L Q) irEH . Fig. 1 Schematic diagram of fixed bed reactor
Q-f(CO —o)de
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A g M ¢ B ZIEF R I X CO, W B, mmol-g™'; Q M#FA W, mL-min™'; m AR A R
i, g5 ¢y AN CO, WREEFTH 1T CO, Y&, mmol-L™"; ¢ MWEHFASME], min,
1.6 WMiznIERE

W {6 50 77 2 2 VA MR e B PR RE R BB e AR, HAT, C HRE 0 PR 72k 2 L AR R IR
B CO, 1Y Bh Jy 24 45 = B AL FE 0L — B 8l Sy 2B R | L 3h Sy A Avrami W FFRR L . H 4L
— i RN B Bl 2R R X [ 25 Mg R B 570 0 B CO, B AT —E B R BRI Avrami T RS HY 5 E 25
g WK% B 590 W B CO,, S 56 B i $0L A A U2, AR 9 R ) Avrami W B U fF 5 (361 28 i % FF 570 %) i
Wt zh F12¢ . Avrami W R A2 UL =G (3).

g = q,[1-e“""] 3)

KW ky N Avrami 3J) J7 AR 1 W B SR HE, minT'; g, o8 CO, BIIE AT &, mmol-g™'; n, N
Avrami WY B 7Y (1) Sz W 250
2 #HRE5TE
2.1 MRERE

1) FT-IR RAE . K 2 Fx WTVS, fif i 41 8B g A1 SM-DO001 1) FT-IR i &l . 7E WTVS f#] FT-
IR 3% F v, 3022 em U2 M 4 b 019 = C—H {1 48 4k 2l I 08, 2 925 em' Rl 2 850 em ' 2 M Al A
—CH,, X FRAH 48 I 30 A B A 46 38 Sl id , 1600, 1492 il 1450 cm™ Sl 7% 2R 42 4 45 4% 3 1%
Weig, 757 cm™ AT 700 em™ 2R IR B C—H M AME IR AR ZH M, BEEH WTVSEZ i MR T i H
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IR (HIPS). fiff i 44 750 4% g 90 K2 i FT-IR 1% SM-D00!
K EAE 1037 cm™ 51002 em™ B, EoRIR
C—H 1 N & il I8 3 32 S=0 X FK 1 45 3= zh 1Y AR H ARG

TR . 1174 em™ 5 1 124 cm™ 2 S—0 W
SR FR AR 48 P 3l 7= A= 1T, 3 458 em ™! & it PR
I A - —OH () 45 P 2l W e e o 3¢ BH i 2 AN
HIPS Ui & 2B 1 SR O s i ), AR B T4 N
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Fig. 3 Principle of sulfonation reaction
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Fig. 4 TGA-DTG curves of WTVS, sodium sulfonate resin and SM-D001
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2 ARG W HE BN 23 R T 300 °C B, i R 40 8B il AN SM-DOOT FR B 2k EE (43 4
72% N T1%), 3 B2 R 40 AR IR AT SM-D001 78 25 S Y #4018 fi 3. TGA-DTG SE 56 45 R 3%
B, SM-DO001 7£ 300 °C i B DL T2 # B8 E 1, FIRH D001 —Kf , BEM% 1 A2 A Wz BRF A B 1 i 3

3) N, W BfF It B A5 R 4k . WTVS . il iR 44 78 ) i F11 SM-D001 N, 1 B -JB5é B 45 il 45 Fit BIH FLA% 53
ANE S s o i R 40 A iR FT SM-DO001T N, % B -J5d B 45 3 26 5 /5 FH D001P — ¥, ¥ 2 sl iy
VAR 2R o B R B LA I A SM-DO001 7E A Xt i F1 plpg<0.40 B, N, W% B e 2202 1 T, il i ) 6 v
JIE A1 SM-D001 78 A X F 71 24 0.65~0.95 1, H B AH S Y H3 A3 5 38, 322 th B ROk 7 3
BB AESL . BA R FLIE R . TE plpe=1 IF, W B ith 2 BE SR 38 i, 3K WY 4 2 49 B RS s AT SM-
D001 #B LA AL 4> A5 Sy Y, 6l 1% 44 250 B B F SM-D001 7E FL#5 & 5~10 nm 1 =50 nm Ab E A # K
SR FLIRRL, HLAE 50~200 nm, X80 4 FLAR B 22 B i 38 Jin iy ke 34, DRI, R A 78U Al A
SM-D001 £ K 200 nm 3 Bl 8t 45 FLAR 43 A o 20 W B 7532k 00 o L It > 420 3 1Bl — g oAy v L s AL
JE R e FL AR o A B, FR TR DA RE P A R R, RS OR TC ik ik A AN AL, IR,
LRI & B R AL A AL AL AR o A P2 TR, PR — 10 T BEAS B I L 4l AL AR 0 A T i
K FH 7 12 o itk 12 S0 250 A G T SM-DO00T #E 4T 1 — 25 L A% 23 A5 T I

12r 0015
10F —=— WTVS =
_ —e— TRERA I g
o 8F —a— SM-D001 ~ 0010F
5 of g
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0r s ok
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Fig. 5 N, adsorption-desorption isotherm and BJH pore size distribution of WTVS, sodium sulfonate resin and SM-D001

4) JERE: . K 6 s ER AN B I8 A1 SM-DO001 A4 k18 7R fh £k FFLAR 0 A o ] WL, Rl 162 4
BUR 5 A1 SM-DO001 19 i ok th 26 B T g3 K, SLAEAWIE R, EREdRES, RRERE K
%, ULEA R AR LUK A 2 FE e R, R R PR OR m e, R TE X AN B BEE
552 MR FLBR 3 A 0 o b B TR S 25U AR I R SM-DO01 B FLAR 23 A 2R T 0, Bl 2 284 g FL AR 43
i FEAEPLE 5.00x10* nm DL |, R UI6E R A1 AU A 3 22 ROK AL A5 . SM-D001 A [] L A% (19 X
B FUIAR TR B 3 B4 P AE 1 219.67 ~3 106.84 nm 1 3 618.75~6 466.13 nm 2 LA B, KB SM-
D001 AR ALr A £, HALR HREER AN AL AR /I, R AR . 4 1 MR 2 435I K78 SM-DO001 4%
LR B LA M A S Lo A ] . DL mT UL, A R A A B FL AR AR O 1.08 mL-g ™', LR IR
M 2m?g!, SM-D001 fLIAF K 3.52 mL-g!, HLREF K 30.70 m*>g ™', HLUim, A BFLH
P = OB FL BRSO R TR L 2 B AL AR R 5 SRR E 53 R 99.07% 1 97.73%, i —
A 3 Wl 1R B R A4 I A SM-DO001 DL R L 43 A o B, 5 g ] D001(H 2 T AR 106.8 m*-g )™ AH
b, HAEELREBUN, PR KAFE N
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Fig. 6 Mercury injection-ejection curve and pore size distribution of sodium sulfonate resin and SM-D001

#1 SM-DO01 ZFLZERFLA R AELHI
Table 1 Pore volume and distribution ratio of each pore diameter segment of sodium
sulfonate resin and SM-D001

ANRFLZIGFLARTR/ (mL-g™) ARFLARFLABS SRR 43 /%

Fdh FLABY(mL-¢g ™)

il fL AL KAL il fL ML KAL
T TR R R 1.08 0 0.01 1.07 0 0.93 99.07
SM-D001 3.52 0 0.08 3.44 0 227 97.73

F 2 FEREIEIRAE A1 SM-D001 & FL1Z ER b SR TE AR R 43 7o e A

Table 2 Specific surface area and distribution ratio of each pore diameter segment of
sodium sulfonate resin and SM-D001

AR LRI > g ™) AR HER AR & B R AR T 23 /%

B LR AR/ (m*g™")

AL 1L KAL AL ArfL KAL
T TRER I I 2.00 0 0.19 1.81 0 0.10 0.90
SM-D001 30.70 0 23.97 6.73 0 78.08 21.92

SYFHMB BT, HE 7 MTLLVEH, WTVS REOGWE, WAL W. EE 7b) T, HikS
HIPS W J5 , F B RKUE 258 B AEAR NG i B iR ik B b, BEIR WOK R AK, [T 3% B8 A 4% I v 1)
TR LA NG IR R . AR T TR R, IR K2R R, SRR IR .
A FLAS M B R e B AR o 1B 7(c) Fam I ABUFL A R IE Bt . 2 BERUK IR & WS 1Y SEM &
16 FR T R 4k B AR BE EL AT AR 5 0 S K M, LSO 8 WA 2% 10 1 M R A B R AT DA Sk B A
UKL 73 PR KR Gl o S I IE Bt R -l 1R A AR AR g T A AR 7 13 381 1F B e 5 R 5 7K 2 Tt
M E, B RS E W R SR FLI . e R, RAE WM S R sR , IE BB A o
75 T T 0 BB i (GO Pl L TR) ) e 2 1 5% B A A T i 28 R i FOURE DY 5 1) £ TR A B B R B TR 7%
K, LIWE S, IR A B, s 15 3] SM-D0012,

2.2 HFL KX SM-D001 UK M 4 BE A9 52 R

FESALIREE R 70 C . IEPHGEHE R 10 g ZEEAUK IR AW AN 100 g, Z5 T AR
Pt /7K o £ EL R il 45 ) SM-D001 X} CO, W B g 1 (s, 151 8 FRom AN [R) £ B /7K ot it b T il & A% g
) R R 5% 3 fil 2 R BRERE T 4k o PR LRI WL, 24 ZBE/K R R R 90110 B, WG B 2 a7 (] e o ks
£ 6 min, Bl £ BEAUK AR AW K& R ARG, L2 375 W R T A6 R B e S SSRGS N Y
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Fig. 7 SEM images of WTVS, strongly acidic ion exchange resin and SM-D001
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Fig. 8 Adsorption penetration curves and adsorption capacity curves of SM-D001 prepared at different
ethanol/water mass ratios

X TR N B IR B AT SR KM, B K SRR N, R R AN B AR RE s WK R K, {2
f6 1E PEBE BE £ B W — B2 35 B B B2 A AL IR N R 5 R, FEmARAE AR v, 45 B TR R R G AU iR
UKL N B O RN IE BEGEIR A W78 &, LB I o 8, (R BE N AR s B, IR A R 2 LR
f) SM-D001. {H 4R GV H K & 4k e it , pend LS AR X >, 1F B 5K 2Z 18] i 36
sk s, A B IE BRI — A B B R AR, R Y IE PR A5t B AE A IR e T, I
#% 1) SM-D001 fLBR % 2b> . T SM-D001 X CO, Y W Bff 3 22 J2 4 B it , HbRmAas kK, 5
CO, Hfi T AR B K, [RIE Xt CO, W Bff g g s ik . PRI, Y4 S BE K B Lol 90:10 B, il 25 /Y
B REXF CO, MR B fig 7 ik Bl f s, LR B A % 1.72 mmol-g ™'

FEBFLIREE N 70 C . IEHEREHE R 10 g0 BFLF L BE/K B LR 90:10 i, %58 T AR BAL
I [ i) 4 B4 % g X CO, W BRI BE A s i o T 9 7R AN [] SRFL S 1] 4 £ 1 SM-D001 114 W% [ 2 375
LA RE T4, BULaT L, Bl ECFL IS R A B, AR X CO, 1 W B 2 37 B [ 52t S AN AR S U
AN R 2 37 T T RN ST S SRR NS ps N R A R B T AEBCIL R VT IR B, R
BAALAN B H T 3R TR R R A e A D, HEMOKAVE RS (HRE B I TH) 0 JE KGR AR A TS 22 18 I K
MK, 0 1E B e 18 B £ 1 70 43 % 3% B A IR N &R, fff SM-DO001 L 2 18 FRIS fin,  CO, W it fig g 3
TR ARZEIEIMBCALET R, I CO, W AE ) IR R R, R B SN ARG, Bk
BA AR T T L B e AN DB e e R TR AR B PN VA L T LR B B AL, LR AN, CO, TR
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Fig. 9 Adsorption penetration curves and adsorption capacity curves of SM-DO0O01 prepared at different pore-forming time
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Fig. 10 Adsorption penetration curves and adsorption capacity curves of SM-DO001 prepared with different n-heptane amount

2.3 PEHA fa#iE Xt CO, MM BE A5

¥ AN 5] PEHA 7 28 4 1) 1 28 il W B 590 6 6 R 60 °C Fl it SO0 i O 40 mL-min™' 5% /4 F #E47
CO, e M5 i 3 T LAAH, 24 SM-D001-Cu i 2% PEHA (=38 ik, H Co, W B fE 71 2 8k
B s > e, X R TR A PEHA B i i 3G, 0 BRF R0 2R 1R P S AL G e 3 A
Jn, AR AR N B FLIE R BR @, 24 PEHA ik & KT 03 BF, ¥/ PEHASRAEEEILE, 7
H CO, HHE 5 ML B3 e T 17 2 9 PEHA A48 WY, fifi CO, K EE T R RE. LA SM-DO001 “hy 244 (1)



232 ok L OB ¥ M 145

(7] 25 Bl 1z BEE 590 % CO, 1 B BB ) & =5 35 ) 3.61 % 3 7T [ PEHA £ 3 & TURMIHIx CO, #
mmol-g™, 5 AT FII DOOT Hy 4 M i 45 £ 8 25 e PR Y BE 72 69 B2

W W3 %k C 0, W B A (% W & 4 mmol'gfl)“q] Table 3 Influence of P];Z)Hidloa;i)s otn CO, adsorption capacity
HITG, FOUR RSN, R Bk S e —
DOOL G AUATHLIE . AR K ALA A T e
AL G PG, BB 2 o B AL 45 0 14 87
{75 AR L 45 4 LE 0 185 An R AL 465 4 L 151 0 0.1 143 215
Do W) AL B SCFL AR SE T B R B Y R 0.2 155 283
AP R ALE NG AT TS 03 212 361
CO, BN, WMAEFRE:, FRM 0.4 155 266
fLi& N CO, ¥ st . (A F SM-D00!1 [, 0.5 0.89 1.66

TN, SEALRRR, AP TR B
W B 700 R LRI AL L R & AR 784k, PREG, LA SM-DO0T Sy 2425 114 181 28 e W B 300 % €O, W B R g AH
XPECES o AT G CO, R AR S, MiiE— LT A S, Wil A LR AR . PR BN
SM-D001.,
2.4 CO, WMz HhEF

B AN A PEHA B 2% 10 Y 181 285 e Wz o6 590 76 W R 3 B2 ok 60 °C . CO, 3 JE A 15 kPa, SN
40 mL-min™" Z5 14T, % W B S5 B AT Aveami BB RS AR e LA, LA SR UL 11 F1SR 4
F P AT, ] 2 e R R0 6T C O, g MR B A 2 4 Ay DR S 1) 25 375 I o R A Xk % 1 1) 3 3 - A B B . AE
W13, CO, 43 T I BOE BE R, BRI & CO, 2 T AR It 3h 32 AR B 1 20 W B 5] 1 A1 2 1 B
HY WO /N . Y U A 3 T W BRIk S A, CO, 3 ek I B R AL R Ok R, N
B FE i T PEHA (548 7 — 8B40 WOR N SR FLIE , FL Y BB Sk, CO, T8 W B P B o
RN, WL, WY EUZ CO, MRk 2 0 SR 0 B, 0 B — B A [E] 5, W B RN B s 25
i, CO, W B AR FE A AR P, ] Avrami W BB R0 B0 o g B R Hs AT L, A BRI EBAE, 1
AN[E] PEHA & T (R*>0.999), it B [ 2% e 0 B 550 X CO, 1l W B 3k 2 BB 08 FH Avrami W B A5 780 58 -
ik, [FAf 2RI SM-D001-Cu-0.3PEHA Xf CO, it W 2 4 HHW BFF 5 £ 27 08 B 36 [R5 i R &5 5 o

4o0r # 4 SM-D001-Cu-xPEHA {9 CO, W HMiEh 1%

AAAAA

T 03-PEHA BRI A S
0.2-PEHA
©

Table 4 Fitting parameters of CO, adsorption kinetic

%n 25 0.4-PEHA model of SM-D001-Cu-xPEHA
E 20 0.1-PEHA R S5
= 15| oo PEHA [ 45/ RS
= T 08 R3] 4 i A0
= L W 0 i 5t . . o
0.5
ol | | 0.1 2.14 0.13 1.17 0.998
0 5 10 15 20 25 30 35 40
1% B ] fmin 0.2 2.86 0.10 1.17 0.999
11 SM-D001-Cu-xPEHA I Bff 77 B Fff £ 2 42 Fn 03 3.64 0.04 1.49 0.997
Avrami Zi HFERYE
Fig. 11 Experimental adsorption capacity of SM-D001-Cu- 0.4 2.66 0.08 133 0.999
xPEHA and its corresponding fitting curves with
0.5 1.75 0.23 0.76 0.997

Avrami kinetic models




LR VRS DIRIRL N S B LB S 73S MR A il o . RAEFNI BRI fiE 233

3 g

1) 3 K WTVS AR AL I By, il 4% il B el AU WK A IS . TR A BCFL A S . /K FIE B 15
£ SM-D001. Z 7 LERERI B, R B2 15, RERENR, (WA BB 6% 52 3 OR 47 BR 5 R 24 B8 U5 119 X

2) FEEALANIE Bk iR 25 g LEEKJE R EE R 9010, [ BERHEIN Sh & 4F R, RA%IK-3
57 il £ SM-D001, Jf¥ Hkb 4T CO, I S2 5, CO, W Fff ik 3 1.87 mmol-g ', R 7K i I 45 .
Fe R MIFH 30.70 m* g™, FIFLIE K 458.52 nm, FLAKFI K 3.52mL-g™',

3) LA SM-DO001 g A5 A , 38 3k e o7 325 il 25 [ 44 Jiie 1 off 7] SM-D001-Cu-0.3PEHA, 7% W& F it B oy
60 °C . PE AN 40 mL-min', CO, /&K 15 kPa 554 F, H CO, W Fff ik 2] 3.61 mmol-g™', £F
A Tl EXHBRIE R T R CO, WA oK

4) 38 32 sl 2 B I T, W B Ak AR R ph A U B RD b 2 B L TR AE T A5 SR, NPT RO
AW 5 R 0 S R s A0 R, I N R Bk R A S Avrami W PR R

2 F X

[1] ANDRADY A L, NEAL M A. Applications and societal benefits of plastics[J]. Philosophical Transactions of the Royal
Society of London, 2009, 364(1526): 1977-1984.

(2] ZRH BBV RS AT JEEA NS (20172018 AR T &SRR ) BIR T ATk B fAE 1k
ARk [3]. BEIHE, 2018(5): 54-57.

[3] SINGH N, HUI D, SINGH R, et al. Recycling of plastic solid waste: A state of art review and future applications[J].
Composites Part B: Engineering, 2017, 115: 409-422.

[4] SUBRAMANIAN P M. Plastics recycling and waste management in the US[J]. Resources Conservation and Recycling, 2000,
28(3/4): 253-263.

[5] BARBARIAS I, LOPEZ G, ALVAREZ J, et al. A sequential process for hydrogen production based on continuous HDPE fast
pyrolysis and in-line steam reforming[J]. Chemical Engineering Journal, 2016, 296: 191-198.

(6] Jer -, W bk, S, 25, SRmR e H B SC e AR AL & T IR — T BR[I]. A7, 2004, 12(2): 194-196.

[7] SUIKOWSKI W W, NOWAK K, SUIKOWSKA A. Chemical recycling of polystyrene, sulfonation with different sulfonation
agents[J]. Molecular Crystals, 2010, 523(1): 218-227.

[8] SULKOWSKI W W, NOWAK K, SUIKOWSKA A. New applications of sulfonated derivatives of polystyrene waste[J].
Molecular Crystals and Liquid Crystals, 2012, 556(1): 25-38.

[9] ZHANGJ Q, LIU S H, CHEN ] Y, et al. Preparation of anion exchange resin by recycling of waste printed circuit boards[J].
RSC Advances, 2015, 129(5): 106680-106687.

[10] TSENG R L, WU F C, JUANG R S. Adsorption of CO, at atmospheric pressure on activated carbons prepared from melamine-


http://dx.doi.org/10.1098/rstb.2008.0304
http://dx.doi.org/10.1098/rstb.2008.0304
http://dx.doi.org/10.3969/j.issn.1673-7776.2018.05.021
http://dx.doi.org/10.1016/j.compositesb.2016.09.013
http://dx.doi.org/10.1016/j.cej.2016.03.091
http://dx.doi.org/10.3969/j.issn.1005-1511.2004.02.025
http://dx.doi.org/10.1080/15421406.2012.635906
http://dx.doi.org/10.1039/C5RA18142A
http://dx.doi.org/10.1098/rstb.2008.0304
http://dx.doi.org/10.1098/rstb.2008.0304
http://dx.doi.org/10.3969/j.issn.1673-7776.2018.05.021
http://dx.doi.org/10.1016/j.compositesb.2016.09.013
http://dx.doi.org/10.1016/j.cej.2016.03.091
http://dx.doi.org/10.3969/j.issn.1005-1511.2004.02.025
http://dx.doi.org/10.1080/15421406.2012.635906
http://dx.doi.org/10.1039/C5RA18142A

234 ok L OB ¥ W 4%

modified phenol-formaldehyde resins[J]. Separation and Purification Technology, 2015, 140: 53-60.

(11D P o, SRR A, KT RS, 2. I il — S B ORG24 P R SR (], WL R 224 (A SRR ), 2017, 40(2): 60-
66.

[12] SERNA-GUERRERO R, SAYARI A. Modeling adsorption of CO, on amine-functionalized mesoporous silica. 2: Kinetics and
breakthrough curves[J]. Chemical Engineering Journal, 2010, 161(1/2): 182-190.

[13] WANG X, GUO Q J, KONG T T. Tetraethylenepentamine-modified MCM-41/silica gel with hierarchical mesoporous
structure for CO, capture[J]. Chemical Engineering Journal, 2015, 273: 472-480.

[14] DARDOURI M, AMOR A B H, MEGANEM F. Preparation, characterization and ion adsorption properties of functionalized
polystyrene modified with 1,4-phenylene diisocyanate and diethylenetriamine[J]. Chemical Papers, 2015, 69(12): 1617-1624.

[15] BEKRI-ABBES I, BAYOUDH S, BAKLOUTI M. The removal of hardness of water using sulfonated waste plastic[J].
Desalination, 2008, 222(1/2/3): 81-86.

[16] OZER O, INCE A, KARAGOZ B, et al. Crosslinked PS-DVB microspheres with sulfonated polystyrene brushes as new
generation of ion exchange resins[J]. Desalination, 2013, 309: 141-147.

[17] ZHAO Y X, DING H L, ZHONG Q. Preparation and characterization of aminated graphite oxide for CO, capture[J]. Applied
Surface Science, 2012, 258(10): 4301-4307.

[18] MALIK M S, QAISER A A, ARIF M A, et al. Structural and electrochemical studies of heterogeneous ion exchange
membranes based on polyaniline-coated cation exchange resin particles[J]. RSC Advances, 2016, 6(116): 115046-115054.

(191 A7, XU R, B F A B b g A A SRRl 5 . AT S CO, MY, #RARMb =24 4], 2017, 45(7): 880-888.

[20] MEI L B, LIU X M, WU J J. CO, adsorption performance of polyethyleneimine-modified ion-exchange resin[J]. Separation
Science and Technology, 2018, 53(11): 1628-1637.

(211 FLEE T, T8, ZPHRA. Al L g sl FL 1F 25 e W R 300 1) 1) £ B L COL MR B PE REAF 5 [J]. AR 242441, 2015, 43(12):
1489-1497.

[22] Kz, JGER IR, M, 25, T R0 RN T oi B 1 SO 2 FLAR I A1 . LAAR L 2 M Rl R A 2 S 9] [0].
KEFFIREETRR), 2018, 35(4): 353-361.

(23] A8, T 2T HORZEA s B ALBTARE OB S 0], NS REREETE, 2017(12): 119-122.

(241 FEARMK, MhBGR, BXE, S5 REREE Rl s B FLIR S M 2 AR LB 22 [T]. L BF9E 591 &, 2015, 35(3): 20-22.

(25] RAEE, RIEH, BEME, 5. BT HARERICAFARAXHRALBT AR [I]. B 55 R, 2017, 45(3): 7-12.

[26] YUAN Q, YANG L B, WANG M Z, et al. The mechanism of the formation of multihollow polymer spheres through


http://dx.doi.org/10.1016/j.seppur.2014.11.018
http://dx.doi.org/10.1016/j.cej.2015.03.098
http://dx.doi.org/10.1016/j.desal.2012.09.024
http://dx.doi.org/10.1016/j.apsusc.2011.12.085
http://dx.doi.org/10.1016/j.apsusc.2011.12.085
http://dx.doi.org/10.1039/C6RA24594C
http://dx.doi.org/10.3969/j.issn.0253-2409.2017.07.013
http://dx.doi.org/10.1080/01496395.2017.1405041
http://dx.doi.org/10.1080/01496395.2017.1405041
http://dx.doi.org/10.3969/j.issn.0253-2409.2015.12.013
http://dx.doi.org/10.3969/j.issn.1008-0155.2017.12.070
http://dx.doi.org/10.3969/j.issn.1001-1986.2017.03.002
http://dx.doi.org/10.1016/j.seppur.2014.11.018
http://dx.doi.org/10.1016/j.cej.2015.03.098
http://dx.doi.org/10.1016/j.desal.2012.09.024
http://dx.doi.org/10.1016/j.apsusc.2011.12.085
http://dx.doi.org/10.1016/j.apsusc.2011.12.085
http://dx.doi.org/10.1039/C6RA24594C
http://dx.doi.org/10.3969/j.issn.0253-2409.2017.07.013
http://dx.doi.org/10.1080/01496395.2017.1405041
http://dx.doi.org/10.1080/01496395.2017.1405041
http://dx.doi.org/10.3969/j.issn.0253-2409.2015.12.013
http://dx.doi.org/10.3969/j.issn.1008-0155.2017.12.070
http://dx.doi.org/10.3969/j.issn.1001-1986.2017.03.002

LARE] RS DITRIRL N S A LB S 7SS MR il o . RAEFNI BRI fiE 235

sulfonated polystyrene particles[J]. Langmuir, 2009, 25(5): 2729-2735.

[27] GE X P, GE X W, WANG M Z, et al. A novel approach for preparation of “cage-like” multihollow polymer microspheres
through sulfonated polystyrene particles[J]. Colloid and Polymer Science, 2012, 290(17): 1749-1757.

(28] i, EHoF], A5, 2. Wit EBRIEIG AT CO, R IR T M5 (3], TEH LA B4R, 2011, 26(2): 149-154.

[29] HU Z H, CHEN H, JI F, et al. Removal of congo red from aqueous solution by cattail root[J]. Journal of Hazardous Materials,
2010, 173(1/2/3): 292-297.

[30] HEYDARI-GORJI A, SAYARI A. CO, capture on polyethylenimine-impregnated hydrophobic mesoporous silica:

Experimental and kinetic modeling[J]. Chemical Engineering Journal, 2011, 173(1): 72-79.
(A4 T8 3, ARuets, KA |)
Preparation, characterization and adsorption properties of macroporous ion
exchange resin based on waste plastics
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Abstract The macroporous ion exchange resin (SM-D001) was prepared by a sulfonation reaction and a
swelling-infiltration method using a waste television shell (WTVS) as a raw material, and as a carrier of a CO,
adsorption material, the SM-D001 were characterized by nitrogen adsorption-desorption, fourier transform
infrared spectroscopy (FT-IR), thermogravimetric analysis (TGA) techniques, scanning electron microscopy
(SEM) and mercury injection. The effects of SM-D001 prepared with different amounts of n-heptane, different
ethanol/water mass ratios and different pore-forming times on CO, adsorption capacity were investigated. The
results showed that when the amount of pore-forming agent n-heptane was 25 g, the ethanol/water mass ratio
was 90:10, and the pore-forming time was 5 h, the equilibrium adsorption capacity of the prepared ion exchange
resin for CO, reached 1.87 mmol-g™". The solid amine adsorbents were prepared by using coordination method
with SM-D001 as carrier and with penta ethylene hexamine (PEHA) as modifier, and the maximum CO,
adsorption capacity is 3.61 mmol-g”', and adsorption kinetics was studied to providing reference for further
proving that the adsorption process of solid amine adsorbent on CO, was a combination of physical adsorption
and chemical adsorption.

Keywords waste television shell; macroporous ion exchange resin; CO, adsorption; adsorption kinetics
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