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Table 1 Chemical composition and mass fraction of GBFS

%

w(Si0,) | w(Ca0) | w(ALOY) | w(Fe,0,)

w(SO3

) w(MgO) w(K,0) w(Na,0) w(FAR)

31.40 39.75 13.84 0.52

2.66

9.44 0.57 0.41 1.32

T A S B (loss on ignition, LOT) (5 0.09% .,

R R R P SR BT R Dk Ak T BR 54 2 | 4R
PR AN R OK B, i 1 (b) frs . HirpSio, 19 i
AT HN 26.28% , Na,O 1Y 5T &2 43 80 R 8.37% . /K
PEISARE R 3.24 1050 P 2 WS 0 NaOH R H i 4%
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Fig. 1 Images of GBFS, water glass and mold
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WA COLJE TR %o s, WFEMIE A N, 5 15
KR, % ;MR CO,MEE /R i &, 0.044 g/mmol,
2) BT 2R G YW CO,JE H ¥ R bk
PR &, e R 55 1 32 2243 fift 1R B 450~800 °C, 43

24h

| 7 | BHA IR 24h I
R

A B Ca0 ,CO, , fb 220 INF .
CaCO, & CaO+CO, t (2)
3 2o B BT A I B Y 2 FL SR S P R
il 7E 450~800 “CH (1 0T &t 0 2% 2%, AT LA+ A5
CO, AL AWz By i, =X (3) s .

ch(l - a?)MC

Qo CO, AL W B &, mmol/g; a, A i A
Tl TR 8 43+ i 1 Jo i 482 2 %, BRIV COL M %6, %

(3)

Skt - AL
) | . bk LbLL

il l: AR Febp
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Eo

B2 %ildRemb &Rt

Fig. 2 Preparation process of porous geopolymer samples
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AL, SR Bt R A4 38 HE B AT RO AL . X Al
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TV BE R R T oKt B R AL T K Y AR
K, R BOREAT S U, Hy T v 4 s 1 UL A% 50
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BB/, T BTV UR 7 1w B 0K A AR T 1] Y
KR R, A 3 (h) i s 5 i 26 5 G T B 1Y
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s
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Fig.3 Morphology of samples prepared by ice-templating method
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P14 53530 Ay 3 3k N, W BRF/ 58 6 T ML 0045 £ L,
12534, Horp N I Bk B 00 3 2% SR 38 3 Barrett-
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RG] 1 L A it R 8 T T G 1) e 5 R
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Fig. 4 Pore size distributions (MIP and BJH) for samples
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Fig.5 N, adsorption/desorption curve for sample

WIAZ Mt vh 5 R 2 B i A AL TS PR RTE AR
T FLEE 2 2 AR G5 A, A6 BUFE 5 Pz )2 R &5
Fo AT RE 27K W A7 )2 o 38 3 MIP AN, W R/ o
FFRIFLES A S BN 2, N 2 H T LU 2% KR 5
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Table 2 Pore structure parameters

P/ | FLBRSES | MALBARBY | il ALY | LR Ay
(grem™) %

(mm?*-g™") pwm (m*-g™)

0.82 64.31 783.90 21.09 7.14
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Fig. 6 The adsorption capacity results of samples
BRI FE O CO, WL B 248, 24 h A 114 1 BT 35 5
1N 6.65% 1 J 22 W B A FE R T o PR, 004 i
X RE 2R TR 1 d AR SRR —E K 43, W]
DIt s mz B ok A, 4 2R an & 6 (b) irs .
6(b)ATLAEH  H THRAYHERSFEY 1A
A —E WK A, HXF CO, Y R B 5 0 fg 446 i, 7
200 min Z [ H 5T 5 gLk ) T AR, MRk E)
TR, FESTEN,SACT AR L R 27.49%,
R E T 7K 0 2% R 5 B0 T 4 O R R 27.49% 5 7
CO, AT By o i 5 2Kk 6K 14.50% , I 250
12.99% , 26 30 (1) 1T 5515 20 BE & 1) W B 1o 4.07
mmol/g. T 7E AR TR b A vt 25 W B — 35 43
CO,, JIr L b 03 181 558 52 B {EL A /N o 308 3 %o b
6 () H IR R i B A 7E 450~800 °C I i £ 4 2% R
(38 20 N B R 3k 43 (0 R s i 2 R ), i o
(3) AT ik — 5 145 B RE 5 X CO, Y Ab 27 W J 4t
TEZE SR Pk B co, 19 1k 2 W FF B R 0.19

mmol/g, T 4.07 mmol/g, 1M 47%, B T b2
W2 o6 T8 32 R T S R S B DAL I AR SO T2
SR ] T 7 A ) G ) B S T O
38 A T A A 3R 6 R A R R 43 ) o
S B B 7.28% F1192.72%
2.3 ZIMEREWI CO,rI IR

AT W5 Z LR A W i W B AL,
K HUE— 9 2 77 2F R R RME — 9 8 1 2 B A R
ZALH R AN CO, M 3h F1 2 7

HE— B SR AN AT

_ _k
]n(qe q,)—lnq& 2.303t (4)
i S0 WA kecy . R/ W (1l
t 1 1
—= +—1 (5)
9. kg q.

K (4)~(5)H g I ZFLHLR G W XT CO, 1Y - 1 1%
B 2t , mmol/g; ¢, by AN [] W B B[] 22 L b 2R 5 ok
CO, 149 - £ W B 5, mmol/g; ¢ by 22 7L Hb 58 45 ) *of
CO, R W2 B B[], miin s e A E— R 5l ) 2R AR 5
107 min™ sk A UHE 8 J12# BRIV E 40,107 - min ™

F3PRAMEITE I BB S5, A
GHR A LUE W HE— 8 e R e S
FIE ZE R HA 0.869, MMl — 248l )] A BRI £k
PESLA H 8 RBUR 35 0.999, T LA Z fLHL IR A1)
X CO, AW B 2 2 B4 G v — 90 8 ) 4R | Hai
I E B SR TSR B Y g B e
YA, n] LUK W Z2 L 2R 5 WU RE CO, 10 W Ff 5= 224
FEE M B . X — 2505 Rk 2R W B o S R
Y 92.72% 45 5L & — BT .

R3 HAFHRABMAK

Table 3 Simulation parameters of dynamics model

I E WE— 8 ) AR WE R 8y AR AE
N A SR=—2 7. far SR=3 7. Har R=3
TR PEER | e |
(mmol-g™") (mmol-g™") (mmol-g™") N
4.07 1.38 2.81 0.869 4.57 5.04 0.999

2.4 S5Hfthco, R RIaRTEE

F 4 K Z AL A WX CO, 1 W [ 5 H A
CO, W B AR Xt e . th& 4T, 55 WL
BRFFRD, A TE Pk 2 MRS WI/Nal 3X A i 1 A
b Bl 22 Lk I R B A L AR R SR BT 22 L
REWRT CO, Y ML F 5 TR 5 e Ah , BUAR 2 LR
AW CO, % [ 5 MOFs (IRMOF-11) () i8 4
—E M2 EE B T AHRSE T Y LR A %t

CO, 1 Wz B =22 Ay Ah 2 W o, 32 30 3 R 5 i 4
N T H I A 28 2 PE 1 MOF's X CO, 1) % Jff 5= 22
SRy 0y B T 2 R S X8 3 FEE R A R UK R ke
FE R AR IS LN 2L R A nl g

NAEIE . AN, LR AW BA B bR
PEfE K s AR P BE L BE AT A3 e ik b i 5 At 7 5
W o6 390 52 {68 FH 42 v W R o, R LR TR 1Y
INBE R, —Fh AR AW 10 CO, MR A4 %L
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Table 4 Comparison of major CO, adsorbents

Wkt | 2%

(12| 244 I e Z

I i 57 2 750 W B 2512 (mmol-g™) | ik
LA W) /Nal3X A3, .

W7 2 b 35 °C,101.325 kPa 3.50 [24]

T e 30 °C,101.325 kPa 0.95 [25]

U2 W3 25 °C,101.325 kPa 3.46 [26]

MOFs(IRMOF-11) |25 °C,3039.750 kPa|  14.70 [27]

HEA Y G10 35 °C,101.325 kPa 0.62 [28]
ZILMEREY 30 °C,101.325 kPa 4.07 AL
3 3Tig

ARSCUIHT i K AR B3y 32 20K, 2R UK
Bl ki 1AL L fLH R S Y IR 5T
T Z AL RS YR CO, MK PERE . FFFE4E SRR
B, ABIESE BT ) 45 ) 22 £L 3t 565 W0 0T CO, B W i
B, AEAR SOXE CO, W B A T 52 36 48 A%
1, 5 SRR T A0 LN G e et — 2D 4R 5T
T3A T EEX 22 FL IR A W B CO, M R RE A1 2t
— 205 AR R RS/ A T R RE AT 5T

4 ZEig

1) PKBEAR 25 A& i it B 2 L R G W fLAs
B =R A, 435 410.002,0.500) wm ., [0.500,
5.000) wm F1[5.000,300.000) wm, Wl T £ 2%
LG5, A AL 2 2 ARG FLBR 3R 64.31%,
LR 7.14 m¥/g.

2) ZALHL A YIXF CO, B Rt A 2] T 4.07
mmol/g , H: 7 4 PR B 2 R0 Ak 27 W B Aol o R
W B B 7.28% F1192.72% 38 3 HE 5l 1 2 A
RUTHEA5 21) 1Y W B o o a0 a0 1R, 4 T 2 AL b
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HWE R B IR,

3) 5536 e el 22 L i S5 R R A I R
FH EE, AR AF 5 2R FH KA AR 35 il 45 1) Z L R & 1
Xt CO, Y I B 2 5 A, HL M 3R A W AR B i v T L
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Microstructures and CO, adsorption performance of porous geopolymer
prepared by ice templating method

LI Fangxian', WANG Yasong', REN Mengmeng’, ZHANG Zhibo', WEI Jiangxiong', YU Qijun'
(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510641, China;
2. The Pearl River Hydraulic Research Institute, Guangzhou 510145, China)

Abstract: [Purposes] This study investigates the CO, adsorption performance of porous geopolymers prepared
using the ice templating method, aiming to provide a novel approach for the preparation of CO, adsorbents and
further broaden the application scope of geopolymers. [ Methods] Using water glass and slag as fundamental raw
materials, porous geopolymers were synthesized through the ice templating technique. The pore structure was
characterized using mercury porosimetry and N, adsorption/desorption analysis. The CO, adsorption performance
was investigated employing thermal analysis instrumentation. [Findings] Porous geopolymers prepared using
the ice templating method exhibit a trimodal distribution of pore sizes, ranging from nanometers to a few
micrometers, and up to several hundred micrometers. The mesoporous structure demonstrates a layered
arrangement. The CO, adsorption capacity of the porous geopolymers reaches 4.07 mmol/g. The adsorption
process follows a pseudo-second-order kinetic model, with physical and chemical accounted for 7.28% and
92.72% of the total adsorption respectively. [ Conclusions] Compared to other CO, adsorbents, the porous
geopolymers produced through the ice templating method exhibit a higher CO, adsorption capacity. Considering
the inherent high-temperature resistance and excellent chemical stability of geopolymers, these materials hold
the potential for applications in specific environmental conditions. They represent a highly promising CO,
adsorption material with notable prospects.

Key words: porous geopolymer; ice templating method; CO, adsorbent; pore structure; adsorption

performance
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