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Abstract: Under the dual strategic background of “carbon peaking and carbon neutrality”, CO, capture has become an important task at

present. Solid adsorbent adsorption is widely used in CO, capture process, among which SiO, aerogel has the advantages of low cost, flex-
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ible synthesis method, high separation efficiency, easy surface modification, etc. However, SiO, aerogel materials also have some defects,
such as low CO,/N, adsorption selectivity and CO, adsorption capacity to be further improved. To address the above issues, this article has
prepared a Cu-BTC@SiO, Composite aerogel CO, adsorption material. Firstly, the surface chemistry and pore structure were systematic-
ally characterized by scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and nitrogen adsorption and
desorption tests. Then, the CO, adsorption capacity, selective adsorption, and cyclic adsorption were studied through carbon dioxide ad-
sorption testing. Finally, a combination of theoretical and experimental research was used to study the CO, adsorption kinetics of the ad-
sorbent. The results show that the SiO, aerogel compounded with Cu BTC has a high specific surface area of 726.431 m%/g, a specific sur-
face area of 570.781 mz/g, and a high microporous volume of 0.184 cm3/g. After loading tetracthylenepentamine(TEPA), the adsorption
capacity of CO, is up to 2.95 mmol/g, and the selective adsorption is 40.8, after 10 cycles of CO, adsorption, the adsorption capacity de-
creased slightly. Therefore, TEPA-modified Cu-BTC@SiO, composite aerogels can significantly improve the CO, adsorption perform-
ance of SiO, aerogels. The metal organic framework material Cu BTC with rich micropore structure is compounded with SiO, aerogel, and
is prepared by the sol gel method Cu-BTC@SiO, Composite aerogel to make the composite have hierarchical micro/mesoporous structure

and enhance the physical adsorption of CO, by enhancing the intermolecular force (van der Waals force); The material is impregnated with

TEPA, and the chemical adsorption of CO, is enhanced by acid-base interaction between organic amine and acid gas.

Key words: SiO, aerogel; Cu-BTC; CO, adsorption; adsorption kinetics; carbon neutralization
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Table 1 Pore structure parameters of different samples

BETZTE BV FLEEAY t-PlotifLIREY 34

HEd (m*g™") (m>g™") (em™g")  fL&/nm
SiO, HEME 470.101 0 0 12.951
Cu-BTC 529.961 478.458 0.184 4.075
SA-Cu-BTC 726.431 570.781 0.229 3.418
SA-Cu-BTC-TEPA  392.801 363.750 0.139 3.121
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# 2 A 2 H £ 5552 4%

B, TEPA S A RIEIES CO, KA AR . &R
IR, AR R SRR AN, W AR A
FEHR X — B B BRI o S H A

& 7b W T AR TR IR RS F T Y CO,
W B 25 & . Si0, BRI Y CO, WK Fff 25 1 S 0.27
mmol/g, W fff 2 e /b, {HJE: Sio, KBk H A 3K
LA LU R R, AT DA Ry —Fh 380K 5 At b4 e}
A, LA R e AR R . Cu-BTC Xf
CO, W% [ 25 F A 2.70 mmol/g, AN{L A A Cu-BTC
FLAG A v i AL b 2 T AR FL AR AR, T HL Cu-BTC
T7AE RN 4 J8 o7 55, 858 T Co, A B 57 =2
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FAN Cu-BTC By K AL, A IX 2 b Rl B &
FEAE T UNERON, INiEEE T X CO, R ). SA-Cu-
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Cu-BTC-TEPA X} CO, Fll N, i) TAST & £ i) 1155
gL W& 9b ] LIF i, SA-Cu-BTC-TEPA i COy/
N, IAST ZEHEMEVE Bl K 140.4 ~ 40.8, 25 °C #4444
T H) COL/N, IAST e+ H 40.8,

%2 DSLF &S
Table 2 DSLF fitting parameters

B WHE  go by ges b IS

CO, 169 027 059 721 0.99999
SA-Cu-BTC-TEPA
N, 0.57 0.008 —0.001 -8.34 0.948 66
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BRAE T 0 o X T e se vk A RE, 5 e 3 AT — M o3 R
38, BIMA R (—NH,), % (—NH—) FifUie A
TERT), Ak (—NH,) A (—NH—) 7] DL g $
HETHRF TS CO, R A SEH IR R, AU (LM
TERF) FETIRFM T I KA RN, RA B2
ARG FRERARRS CO, N M kiR .
TEPA &4 2 MAREA 3 ANk, e8] CO, 70+
Bf AT L Hz & AR i U Ak 2= N, R G TEPA X T
CO, W it 2—Rh R 75 B Bl bR o L ELAAR Y S g ik
N 10a fR .

CO,+2R,NH,—R,NHCOO+R NH;
CO,+2R,R,NH—R,R,NCOO+R,R,NH},
CO,+R,R,NH+R,NH,—R,R,NCOO+R NH;

(a) B35 CO, [k

t ’83.070"-. 2 E !

0=0=0® £ _-9.16kJ/mol

e E,,=12.47 kJ/mol

oo o0 higpe
E,=18.49 kJ/mol

(b) TEPA 5 CO, 75 1M bt 14 B4

B 10 TEPA &5 CO, 4 F & 1F A HLIE
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Fig.11 Cyclic adsorption desorption experimental results
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JE A AT BELE T TEPA #5 A (A5 Rk 2 1h A 2 oL s sk
b, DTS2 MR W RO o [ I, AR DR R B 551 17 24
TR IE B O, i 25 W A g R S b
(Y FLESAE 22 32 B — 2 R, e L 3 1w AR FLARFR AR
2 TR, BT MR A

%3 N HABZ AR RN 825 T X CO, 1Y
W RO o 50T R A LR SR AR 2 FL B R
CO, WA AR 1L, AT UR AR TARBET i i ek
P MOF 252 S AP RH 52 1A BAE Y CO, W FH AT
[, 5 HAWAT R E B AR PR PR rp 2L BRAS AR 1L, A8
SCTARR T B i REFRE, X W HEIIEW] T TEPA
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# £ M FH K 5550 %

M SA-Cu-BTC & A BB CO, 3 M1E 1,
HA W R E T . — Bk, 78 M R AR 7R Y
YERI 145K 2 Bl 38 B4 FH 00 A Ak i 57
F1o XEFHEL SR S, R A, m LA
(R /INFLAE L2 A T4 B W B RE 0, i LABE 44
B PGS LSRR FLAR WM (i A5 4 B
W B RE 108055 5 5 | AR T LA Rl A RS Co, &
A TRBER N, T = A A2 W B F o v, 28
W B 23 3t R R FLAEE 14 8 401 R gk A7 W B, A2
W B A2 O LA 2E B I 206 CO, [
K, BT LIRS SR AR FH 0 228 L W B M A5 22

A 1tt, SA-Cu-BTC-TEPA X T CO, 1) W 17 5 5 Wt
RFak 75 v % 4 B R A R A R B 4 FH 0 o L e
AR, TEMH R AAHCHY AT, FERE 2 B AT LIRS
ST W AE S . RI: BRI m i, Ay e A
FHEE N, o5 48 3= S 107, W B St AE S 0 5, A
W AR FHAS sk 557 , 52 ) o 4 32 e 7, fin 2 dA st
fLIEYEIE/™ 5, TEPA Joik 5 CO, 7 F 7 4fily=A:
SRS B 0, W BT AR T8 . ARl SA-
Cu-BTC & A MR FLAE KN, R ICGEPET 11% i
I L Rt i, PRIE T AL T A2 W B E 7
P = PR X N

®3 Ht LR CO, KR ER
Table 3 Adsorption of CO, by other porous materials

TERFI

JEbE Sk
k=27 T/ % Tl it /% LA /am TR EE /% CO, M it 75t

SBA-15 TETA 20, 30, 40, 50 30 11.090 100 0.97 mmol/g [37]
£4LSio, TEPA 100 — 3.280 75 3.14 mmol/g [38]
MIL-101 PEHA 22.8, 45.6, 68.4 45.6 — 100 58.99 mg/g [39]
SiO,THEME APTES 50 12.380 — 52.4 cm’/g [40]
SBA-15@MIL-101 TEPA 30, 50, 70 7.751 150 2.02 mmol/g [41]
SA-Cu-BTC TEPA 11 3.418 250 3.19 mmol/g AR3L

2.3 EFWRMEhHZRRMHIES T

R T 2R R CO, B R B I AR, SR
HE—Br . WE BT Avrami 435 3h ) SR A3 BT RE
s AR P R RS 45 SR, T 3R A I 70 g 1% B 8 g
PERE. — MM T, HE— OB — Bl FH 4 iR e o
FIEBARF M 5% T (B i, HORZ% ks
BV, T o AR A 32 ] A R E 2 W
Avrami 53 EUB 50 1 2FAR 2298 Sk A S g i A ep
BEALRLZ, ¥ S A 1 A A, T FH i R B 0 3¢
T 2 24 ML . Avrami $850 n, ZEREE 5 ik
PR, AR SR FRADE, 2P EE N 1 ~ 4 A%,
{EAESE RN IS FE R NI 2R 1y AN—E SR80

P& 12 Ay W it K W i 21 g 2 A AL, 3% 4
BT SE ., WL 1, HE— B 3l ) St
T Si0, K BEEM . Cu-BTC Hl SA-Cu-BTC — £ W ik ity
LRI B, DA IX 3 R RLXT CO, A BT
LI BRI 35 . 1 SA-Cu-BTC-TEPA ()M [
K45 Avrami ML 801 1 2R e 8L R A
XIS, A 0.99, ok R iE—B gl J1 2418, R 0.97,
VUil SA-Cu-BTC-TEPA X} CO, 1 W Fff BE 57 51| 2 1
P E AR & AR W R R, A7 B S i Ak
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T2 AR X5 J5T 1% 22 2 W R, 6 TR A 3500 B9 AR [) DX 3R, %oF
CO, W HEZA ] .

X EEAA Rk 5 R FAE U B PR BRI IR 25 AR, 45
W B} 2h 71 24 AR A AT, & B R A U B B ) 3 T
LSRTHT 1 BRI 27 1 o, 2 0 Ay VA A 550 R B I
Z [RI A AR FH 7, A 2y R Ak 2 R B FH g
— PRI AR IR B RE AZ LB AR B 2R LA A
LBRZEF 2 . AR ARV AR | TE SR AL 4 #T,
TEBR & A AR FIRE HAT o 1Y B 4R a5 M Al 75 HLiE
BRI B B FLABSFAE . LM M % TEPA Btk
ARSI, AT JE A, 3 o 0 O EAS 25 0 B i
AR S5 4, B2 e R e A A g
FIHYSER E AR AR AP A AR — A 3 ™Y, pip
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Table 4 Calculation parameters of adsorption Kkinetics model
2
’Eﬁlﬁj WMJ’E/ R kz 9. LON
-1 VA VA s Ve VAL Ve
(mmol'g ™)  fE—Kr B Avrami WE—F WEZBY Avrami WE—Br  MEZBY Avrami Avrami
SiO, S BEK 0.27 0.99 0.92 0.96 0.002 0.03 0.01 2.55 0.5 0.5 1
Cu-BTC 2.70 0.92 0.86 0.91 0.003 0.001 0.005 6.50 5.28 5.00 1.2
SA-Cu-BTC 2.95 0.95 0.90 0.93 0.008 0.002 0.007 4.77 4.94 3.90 1.5
SA-Cu-BTC-TEPA 3.20 0.97 0.91 0.99 0.01 0.003 0.001 4.65 4.65 5.14 1.9

LA SA-Cu-BTC-TEPA FHH i K 1A W B a6 235 S A
FEADIZE R

AV

- 1w

=A

1)Cu-BTC 5 SiO, K HEEW #5477 A B 2%
B, A BB SA-Cu-BTC B A 726.431 m¥/g (155 1
Fe I LR 570.781 m¥/g (AL H R h B, 4 FL AR
4 3.418 nm, BA F5 WAL AASAL B 5 R AL EZ A
2548, ffR o TR L2 LA B B CO, 1% BT BH I i Ta)
T, R T AR B A

2) i F§ TEPA %} SA-Cu-BTC 4715 T itk 1 15
F| e Mk B SA-Cu-BTC-TEPA, Fll A HLIK 5 CO,

3

Z 18] (YRR 8 AH FAE T 51 AR B D 7, HAE
i H R &A% T B CO, M B & AT ik 3.20 mmol/g,

CO,/N, M 220 1k 40.8, Z&5F 10 ¥R CO, W
TEIG, W B AU T R 14%, We it fefs 21—

Tt

3) TEPA "R 5 fhe 3L A1 5 5 CO, 4 FHHE.
YA 254 BE 43591 4 9.16 kJ/mol Al 12.47 kJ/mol,
W S o AR i S R R, (B A 5 Co,
3T LA BT INAS G , ARk — 25 s/ B 1 i o
AR T34 45 6 REHE N & 18.49 kI/mol,
TR B SRR RS (W A L

4) SA-Cu-BTC-TAPA 1) W B i 56 25 SR 5 Av-
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