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Abstract: In order to solve the problem that the pores loaded with amine solid adsorbents prepared by impregnation method
are easy to clog and thus affect the mass transfer of gas, using cheap water glass as the silicon source and
melamine formaldehyde (MF) resin colloidal spheres as the sacrifice template, Silica microspheres with large
pores are obtained by spray drying, and after the sacrifice template is removed by calcination, then SiO,—sup-
ported amine solid adsorbent are prepared by loading polyethylenimine (PEI) on the microsphere. The surface
structure and physicochemical properties of the samples are characterized by SEM, TG, FT-IR, MIP, and BET.
The CO, adsorption—desorption experiment is carried out with a fixed bed adsorption column system, and the ef-
fects of amine loading, adsorption temperature and intake flow rate on CO, adsorption are studied. The experi-
mental results show that the adsorbent with 40% PEI loading has the best adsorption performance at 60 °C and
50 mL/min gas flow rate, and its saturated adsorption capacity is 1.82 mmol/g. Its adsorption behavior conforms to
the Avrami model, indicating that both physical and chemical adsorption processes exist simultaneously during
the adsorption. After 20 sorption—desorption cycle, the saturated adsorption capacity of the adsorbent only de-
creases by 8.8%, showing good recycling performance.
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Fig.1 Synthesis route of macroporous silica carrier

MF BAARER SRR TR G f5 W8 %5 11545 3] Si0, il
BR, ZadiBeets 2 A RALE Y Sio, k. ] MF
JREAA BRI B TR A 40 mL 5T 54350 10% 1)
RERRENI R NER IR , I G AR FFA R Y pH B,
THINSEEETE 70 CTF VK 2 ho WD, B0, /K BE 3
24 W EOUER S 097 ) R S O 30% 1)
PR, T A B FLA AL HE 30 min, SR 54 B F
WO L 525 TR A BB Si0, TR L i M-
SiO, Ik o M55 MR FH S A gt M T 1 W 55
TR A FE e 25 A 25 54T , PR IR 1 200 mL/h, i
UREE 2 200 °C, i RR B 100 °C, Z5 ka4 34
2 500 r/min, A MAY MF=Si0, f§ERTE 700 CHY T2
SAGPIBRRE 8 h, 153 K AL Ak aEEK 12 Sio,
ek
1.4 Tudk B 25 [ AR R Bt 7 (0 ol &

PREC— 7 1 A AR, FE SRR,
A —E i 1 PEL B H B (BT 53808 17% ), 9
PP B R R RS R TR S TR T



%5 6 1]

-33 -

60 °C T4 8 h LASEA 55 H s , 252 AW FfE7li 0k x—
PEI-Si0,, Hefp x 7R PEI 584085, R (1)

x=—" % 100% (1)
m;+ m,
A em, b PEL IR (g) smy i S8 AR AE 2R 1Y)
%(g%

1.5 WREHFIRIRAE

K SU3500 %137 S 4341 Fa - . 3458 (SEM) X
ZRAAFIIRE A 50) ) R TR S A TS 5 SR - Autosorb—iQ
4 F S SR BT A (BET)#E1T N, WL RS 56
F BET 35 A1 BIH 353 51 3 A 1 2804417 Lb 2R i1 AR AN AL
ZER S8, R AutoPore IV 9520 %4> H 3 & R AL
(MIP) XA B RALEGE R A TRAE s R FH STA449F3 %4
ST (TC) H LA TE 0~800 CIX ] A AR H 5
SR AV L AR 2T PSS (FT-IR ) X6 W B 55) 11 5 T
FEA A THRAE
1.6  CO, B WK pif - IR SL 36

SR FH 1 5 PRI B 22 GE I 1 W 50 8 AN [) £ 3%
AR A T AR B e . S ke A i

e 2 B
R -
> \‘cs'n » ne [
H . TR
WL
IF R R
SRS

2 CO, EIERRHMAERMIEE
Fig.2 CO,fixed bed adsorption column adsorption device

TED &, O 1 sk S A AR, BT A R A
JeRbRRE 10 £ 1 g WBHRIAT 9 g ARG 142
NI P BEAT b o R Z T, 75 100 CAE1F T i
S Uh, LREBRIUCRSR B R CO, A H,0 2525 i<
T RPN AR JS L 50 mL/min (9040
AT (IR CO, F i 7.2 mg/L B
$efit), HI DO8-2F B Ht i ASCHa il AR B
i, I IRME-G BIZLAMZR SR A ASCRL I H 11 Ak
CO, MRBE . WERRSE U , SR JH S AR I B (VTS A )RS
W BFFRIEAT A, L 10 °C/min AR FHEF] 100 °C,
R 2X7-2 RV ZS FAAR 2 h X FRRI AT A . K
LN RN WS W

¢ c
. RO .

w

Ao Q, AR A TR (mmol/g) ; F, A SURBY I
H#(mL/min) ; C, M 1K CO, MMk (mmol/L) ;€
CO, AR IR UG 1 B (mmol/L) 3¢ 2R W B 18] (min ) 5w
R R B (g ) o

2 HR5iTH

21 ZEUERBREENEN
MF AR ER \MF-Si0, fEk . BA KFLEEM T Sio,
TER R ISR UNAL 3 s .

(¢) Si0, fHiFk

3 MF BEEK MF-SiO, 3K F SiO, MEkrI R EH IR
Fig.3 SEM image of MF colloidal spheres, MF-SiO, micro-
spheres, and SiO, microspheres
HIPE 3 FT LAt MF Ak 2 8L BB A
BiAE 1 wm ZE47 s ME=Si0, T ERH MF I IAER A 5] 1
HRTE Si0, TR s MF-Si0, WK £ iR be i3 8] 1 HAT
RALGEH B Si0, TR, b e rh , MF R BRTE it
ARE TR, B R T Si0, SR U M 25 B 245
N T AR LA (5 B, X BT T N, )
JRERRF AL, H T Ny W RRFAS BEIN 4 T 50 nm L
B, BT LA R oRE I 1 A i R L FLAR oA, FE R
PRFLASAE AR 1 7R o N, WL 2 S5 LA 01
LR ANIE 4 iR o
&1 MF-SiO, 7 SiO, KIFLBE &
Tab.1 Pore structure of MF-SiO, and SiO,

FE eEmAY(m?g?)  SEHfLE/mm LA/ (em?-g ™)
MF-Si0, 203 3.82 0.251
Si0, 38 936.64 2.629

SEEF 1 AIE 4 ATLUE  HBebe Al Y 24 IV 2
i B S5 TR R A 7 B S Y R B, A B R Y
NfLo B IE RIERAA y T 2R 45 R , R AB b fe



-34 - Ko T o k¥ %W 5 44
[E1MEN =3 , 120 2
o AR ER I LA A2 S AL, #E I3 1 R A
= st 203 m/g T FEE] 38 mig. MBBEIT HMA LA
T a0 936.64 nm, fL% K 2.629 mL/g, fLBRK Ky 87% , itk
§ wr KRIGFLETEAF T RE MW, Jy CO, B it
= o e TP
oL 22 EMERRM S
0 02 *EOX-‘;E;;; 08 10 SR Ty B 0T V5 ) 6 S [) 97 280 o 1) 0 2 i 26
(a) MF-Si0, Mk 1;12 W};mﬂé}% [E A BR300 ) 418 L B R AN IRT 5 R
0.001 6
~ 00014 & .
200012f 48
Tg 0.0010f +: -\./
o008 T
S oo06r | %, ) 20/ m
e I T TS g T
= 0000;: _ IR - (a) 0.1-PEI-Si0, (b) 0.2-PEI-Si0,
(; 2I0 42) 6I0 8I0 100
FLAE/mm
(b) MF-SiO, ERFLA 535 i 2%
180
160 |
- 140 F 20 pm
0 120F
g ot (¢) 0.3-PEL-Si0, (d) 0.4-PEI-Si0,
T eof W
= dor
S
ok
—20— ' ' . ' '
0 0.2 0.4 0.6 0.8 1.0
AHXTE D] PIP,
(¢) AL Si0, sk N, B i<k
~  005f (e) 0.5-PEI-SiO,
2 omf ﬁ ES5 EEERHFE SEM E
“‘2 0.03F [lI f.‘. Fig.5 SEM images of solid amine adsorbents
5 13 .
£ ooob TEN [ S W1, KA Si0, BRIRTE SRR PEL 245t
§ 001F l-g: —:_;5%[‘%1 FEARDRAFRRE o B2 S5 M RRR) , PRt AR i
R e O3B SR SLIE b, 7 FLIE P R TR, 328 I
PN FLIE e BRI SR B R A s B Lk
(d) KA Si0, HERALARAM Lk PEI HATRGYE , Bt 07 i £ e , TR B =22 1) A R 32
6 30 ZiE =38
T //" 12 2.3 CO, W HiiEaE
WY / 10 2 231 JRIEFTE R AL LA
- 3 115 > N =} 2 MHe 2
S| f 1. fg AR SO AR R PET S 4% 5 (9B B2 BT 10 4R A R AT
= L g ) los & CO, WHHERERIE , 25 A1 6 BT
op T e 1 6 FTLA i, AT L TARBERT I MP-Si0, i,
100000 10000 ﬂl 000 10010 BRI Si0, AR P F IR SR 25 11 5 fl I [v] #-A 5R
&/mm EHE B P WL t N 2y
(e) $i0: BUERATLEAMTA Hg BT BRLHE, ﬁﬂilw%ﬂaﬂf&‘bo)’ﬁ/aﬁﬁiﬂﬁa‘lﬁff jﬁlﬁ,ﬂi
& ME_SIOL.SiO, HERH N AL p s CEERPIIBE SRS (68 CO, SR

Fig.4 Curves of N, adsorption and desorption and pore size

distribution of MF-SiO, and SiO, microspheres

B 5E 0y o HE T, AR SORBRR IS A B 2 I R 5
e — AL IE , ART e BB A5 F



%5 6 1]

-35-

N}
)
0 1 1 1 1
0 100 200 300 400
i} (8] /min
(a) ZEMEHT[A]
1.0
%, 08fF
E 0.6
I
2 04f
=
0 Ve o=
(b)) FRL IR B
B 6 MF-SiO, ZKH SiO, H v 51 £k ik W B 77 49 S it 18]
H £ ANt F B =

Fig.6 Breakthrough time curves and saturation adsorption
capacity of MF-SiO, carrier and SiO, carrier suppo-

rted amine adsorbent

232 PEI fi &35 CO, B AL 69 %

g S5 71 230 e A2 5 M R B 500 R RS 78 1 mﬁ’@%%o
Bl 7 AT PEL £ 28 a5 (14 W B 7178 25 °C .50 mL/min
PR A RS T i Z A CO, MR .

10
08
S 06 10%-PEI-Si0,
e 0al —— 20%-PEI-Si0,
: 30%-PEI-Si0,
o0al 40%-PEI-Si0,
L —— 50%-PEI-Si0,
0 1 1 1 1 1 1
0 100 200 300 400 500
i} 8] /min
(a) ZERHATIA]
12+
T 1.0F
=
£ osf
B 6
z 0
= 04p
Q
S 02
0
10 20 30 40 50
A%
(b)) T B £

E7 AEGHEHE TSRS 2 FIR M et i =
Fig.7 Gas breakthrough curves and saturated adsorption

capacity of adsorbent under different loading loads

M 7 AT LA L B PEL f 2 it ao3s i Hgemk
IR N, 7E PET fzkia o 40% 1k Bl f K fH
4 PEI kst — 20, SRS mE B R . CO, 1Y
W B 5 oA, 2 AR [R] i R 3, 78 PEL ST 73050k 40%
A B K Y B 2 2 o X AT S R R x—PEI-Si0, AU
B3R FE R I 170 2 B 2 T, GO, 119 W R fi S 52 i 541
3 TR P10 e R 38 2 7 st ) B30 R ), 8 v 67 280 i 1 ()
st B8 00T 2 R 500 2 T A 7 S R R T 4R
TR, H T Si0, AR NFRILEA R, 24 gk
T R T A R, PEL ZE 20K MR AR, BB ZE AL
Tl CO, ANRE T 43 M5 i 0 M A7 o7 22 ik, 2 B0

BRI E T B
233 #HEAREX CO, FAH AL 69 i

AL S S W RS IR B 1 RE O L 2R

¥ 40%) 5 fE PEIT ﬁi%@ TE 25 C R ik—24 “*1212

E/
DAL CO, B RE 52N , 45 5 an (&l 8 Fi .
1.0
0.8
§ 06r — 30 mL/min
S o4t —— 40 mL/min
—— 50 mL/min
02 — 60 mL/min
ok —— 70 mL/min
| 1 1 1 1 1
0 100 200 300 400 500
s} ] /min
(a) ZEWLITIH]
1.6
woo12f
£ 1o0f
08
=
= 0.6
8‘ 0.4
0.2
0

A/ (mL e min™

(b)) FE AN B

Fig.8 Gas breakthrough curve and saturated adsorption
capacity of adsorbent at different flow rates

M 8 il LA, B AR A 30 mL/min 3
INE] 70 mL/min, TR FERINT 18] B E FEAR . B T
SRR, CO, 75 M R L T 452 B4 i [ B, 1%
JoEREL /)~ , PR A AR O P 384 o2 B S A 1]
TRLFII B ORI o SR IR AR A N, CO, 5
[&Kﬁ 1 B4 i T ARt 2 0 33k 2 i AR A o o e )

T NI i, Rt , CO, TEMRZ RRFR) A AR 4452 B2
Hﬂ“lEﬂ\COQE%ﬁﬂ‘u]B‘Ji‘%ﬁiﬁ&ﬂ@ﬁ}rﬁ’ﬁﬁﬁﬁiﬁfﬂw



- 36 -

P N A N

i 44 4

FITE 50 mL/min 95T A e = 0 AR R R 25 6
Bifi % S B 50 mL/min HE— A3 H15] 70 mL/min
B, AR R B 25 5 IR T R I CO, FE IR B 7] I
T () 452 B4 5 18] FLAE 50 mL/min Jid N85 L, RUE
AR 55 R R ) 42 ik e R AR RS X s 4% B s ) L A
FETEAVE R, T AR 2 3 £ 1 1 — 20 4 vy, 1 R i
FEAK
2.3.4 REX CO, RMPEALEF

W RIS SE 520 CO, MR8l 2 i B R i
£ 40% M Fe A PEL 51285 1 50 mL/min B9 SAR A,
i — ARG XS CO, WM PERERYSZMA , 25 2R AN 9
v

Lo
0.8F
< 06F
’S
S o4f
02F
O_
1 1 1 1 1
0 100 200 300 400 500
Fif (] /min
(a) SIS i)
2.0
1.8F
T?E 1.6
= 14
E 12
B 10
2 08 . ‘ ‘
= 06
S 04
0.2
0
30 40 50 60 70
HEC
(b)) L FINE -

B9 FERE TSR SR fh 2 5 IR 5 e a0 iR B 2
Fig.9 Gas breakthrough curves and saturated adsorption

capacity of adsorbent at different temperatures

9 T LA, i A R SR 3 ) T, 2 e
[ AR I BB 18 K, 7 60 CRF Ik B cfd . IR Rk
— TR, SR A ) AT B 2 A B BRI, X2k
CO, WMLt AR 37 ol F1 2% 53T A DU M, W R
PEFRAS BRI TR AT A ) B A A T
B PEI AR &R RE, IR M 30 CFHE F 60 °C
B, PEL 43 8085 545 s BRIk =2 A1, 8 v ) T B T A
FIT CO, BT 8IS T 22 B T5 R W BRHSE s 25 K2 I
N7, RIIE 60 CLATR SR e i e B s 2 il 24
TR T E] 70 CHS, W BRI %) S5 N 3k 72 Fh sl 7 24 il
FEAR N AR T sl 336 1) 52 17 158 S O B

235 BWHHFHRE

T FEAEL A 2 FEH 2 B v, R R o 2 2 B &
KEBEMIEM . AR T 40%-PEI-Si0, W& [ 571 7E
SRR BE 25 T AR R B0 0 2 o SR A — B/ B s A
F1 Aveami BB SZIG R HEA T 4L 5202 1) S 2s T

R

B—Brh 1
_ quazt

Q0= 1+kgi (3)
x5 DAL 2y
O=qll-c") (4)
Avrami 3 J12F R
O=qll -] (5)

Ak (min™) k2 (g/(mmol *min ) ) &, (min™) Sy W Fff i
FHE QT o 539 R ¢ B 2 0 R AR RS X I 8 1
R i s n, i Avrami 7 FEBTE, CO, Y B 75 2 B ]
AN 10 PR, 3% 2 5 H T 8RR ) W B3 48

2.0
1.8 maman
- (L
- 1.6+ '!5./
= 141 =
=}
E 12F
i Lof : R
= A = SRR
=  08f = .
~ | fa —-—- Avrami
> 0T 4 —
S 041 47 — em
02} ‘,« -7
0 il 1 1 1 1
0 100 200 300 400
B[] /min

E 10 A[E Rz FEREER
Fig.10 Fitting results of different adsorption kinetics models
®2 ARRMENFERNUSSE

Tab.2 Fitting parameters of different adsorption kinetics

models
Y n, k q./(mmol/g) R?
PFO — 0.005 6 2.14 0.975 9
PSO — 0.001 3 3.14 0.967 4
Avrami 1.540 7 0.007 4 1.80 0.995 6

Il 10 A1 2 mIAL, L—BR sl ) 2# R 4 —
By 3 3 2 A B 357 e A T A0 s B B3 R ST I B ) R o
o ARAG T T B A . 1T Avrami A7
RUA] IR S iDL S o, Mt ad A, X — P4k
BT, e s 0 o s A T B %) A 3L o 2 A8 Sy b 2
R I R
2.4 LO5MiE

SR FH AT AP Xl W B 300 1) 2 T 3 A R A 7 2R AIE , I
5% x—PEI-Si0, W[ I CO, 15 A9 214 MR IO
WELABFSY CO, MR R S REAIL , Z5 5 an &l 11 R .



%5 6 1]

-37-

Si0,
—30%-PEI-S|0, | |
—40%-PEI-S{0, ! ! e ;
—50%-PEL-SI0, 1 | Giirossy

4000 3500 3000 2500 2000 1500 1000 500
W/ em™
(a) N[ 7 s W B R O £ 8 1l

T

3378 2941 12825

— W
— W

4000 3500 3000 2500 2000 1500 1000 500
W/ em™
(b) MBI CO, TR FILLAM TS
B 11 7R [E S IR 57 5 R B 5T R B BT FR B £ b e i
Fig.11 Infrared spectra of adsorbent with different load and

o '
L ! ! iy 1

adsorbent before and after adsorption

M 11(a) AT LB 1, Si0, 2k 5 5 A0 5 FI7E
1 083 1 815 cm™ AbYFEAEMC i, A3 BTN, T Si—
O—Si [FXF BRI 4E 45 3 AR XS R A 46 4k sh2), 22 B PEL
B 5 IAFEBA IR Si0, FRR B3R5 . M T 5K
fERESAR, 3R PEL 2 J5 W B 7E 1 469 .1 570,
1 666.2 825.2 941 13 378 em™ [t H B0 138 B9 M i
W, FE 1469 Fl 1 666 cm™ BitIUT AW LI 43 531 55471 iz
(RNH,) A1 Bz (R,NH ) ) C—N 1) 1 45 4z sh A 5% 5
1 570 F1 3 378 em™" FfF3/r 14 W YAc 04 A 471 1 (RN HL) Y
N—H P gaRalg!>22;2 941 F1 2 825 ecm™ [y
W ST 43 ) ot 8, —CH AR X FR A 4 41 5 A X Rk A 4
PR, HoBT B0 Y5 BE Bt 2 PET 7 2842 (1 34 g
Wik, 220 PEL )0 T2k 3] Sio, 24k .

F P 11Ch) R0, WeBffJe 3 3782 941 .2 825,
1 666 cm™ BT M ICIA 55 , e BRI IG5 i e 1
K1 420 em™ BRI A9 I UG S NCOO—I7) H 22
Psh, KT CO, s> TS5 Medk A e o A il 3 Y R
Ehesl B S SR M CO, 43 Z Ml B AH EAE
FHIEAEPI M AL o L BHLE AT T r FRERs -

CO, + 2RNH, — RNH;* + RNHCOO— (6)

CO, + 2R,NH — R,NH," + R.NCOO— (7)

CO, + RNH, + R,.NH — RNH;* + R,NCOO—  (8)
2.5 WREFIHGEREM

W 86 7510 ) AR R P A L S B oy A o — > EE B
B FE AR o AR SCHH R v X W 550 R4 4 4, LA

SRR 35t 3] — SR A A A L Y 7 28 I T A
BT AP M, S5 SR AN 12 BT
100 -

90
80

70 — 10%-PEI-SiO)
60 | — 20%-PEI-Si0,
50— 30%-PEI-Si0,
— 40%-PEI-Si0,

iRl SER R

401 5004-PEI-Si0,
30 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
HREE/C
(a) TG Hik
0_

10%-PEI-SiO,
20%-PEI-SiO,

AL R/ (% min™)
S

B 3+ 30%-PEI-Si0,
o 40%-PEI-Si0,
HE 4} 50%-PEI-Si0,
1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800
TREEC
(b) DTG fhk

12 x-PEI-SiO, WFiFIH TG H£&kF1 DTG #hZk
Fig.12 TG curves and DTG curves of x—PEI-SiO, adsorbents

I 12 7H1, FrARESL DL 150 CoR A PR, 34
EINL RS 2 BB 8 1 BBk R A TR
20~150 °C., 3= 2R S50 DB B9 7K .CO, gk B3 ¥
U LR I 5 55 2 BB e E R A 7E 150~600 C,
FEH PEL Bt B2 LRl 0, x—PEI-Si0, 7
150 CUA N AR AT By s 1 .
2.6 1EINMEEE

TSR Tl iy T e 52 B FRAS A R 4 ) S B Fsf
V) 0 vy ) O A i, A AR s ] A 406 B MR o — e A A
X TFfR e R CEZ, X 40%-PEI-SiO, M5
AT T 20 WAEF RN AR ST, W BRE R 3
HITE 60 F1 100 CF HEAT , FFU IR BRI 1R AL fh
A 13 iR

2.0
1.8

CO, Bt/ (mol - g™)
(=]

1 3 5 7 9 11 13 15 17 19
TEFRREn

B 13 20 RIEINEIR BT AR F0 IR b 2
Fig.13 Saturated adsorption capacity of adsorbent after 20

cycles



- 38 -

X o# L bk K

i 44 4

I 13 7] DIE H, 20 IRAGER 5 1 W BfF & A 1.82
TREZ] 1.66 mmol/g, WA (LU NFE T 8.8%, FHHZ:
i 20 RIGEHF 2 )5 , 40%—-PEI-Si0, K IH{f- 3 TR E W

PERE.
3 & it

AR SCE A f A T AL Si0, Bk, DLtk R #k
AT T B M S AR B , I %o R BFE 1 R 3 A 7
SR AR S5

(1) RHRHE R 1Y Si0, ok BA HLR g RAL
S5 MR P FLBRRAFLES , Si0, F S B B 1) — 2
o) 245 R % T A R 1 SR G A 2 A S T 3 I,
T CO, BT M CO, SIH TR S 2 G o

(2) #£ 60 °C ,50 mL/min Ay S K0 T ,40% -
PEI-Si0, W 5714 f 1 A9 2 8 B[] 1 1.82 mmol/g 1)
e R FfHE . CO, 7E 40%—PEI-SiO, W 711 (10 45
FFFG Avrami BRI LG, BT AR o RIS AEAE
YAk 2 RO BT A o

(3) 20 YR AW B BE BTG PRS2 3 0, WO BfE 55 )
FAIK BFFEE M 1.82 mmol/g T F%3 1.66 mmol/g, HH
W BRI LA R4 mT A PR R

Sk

(1] SFFT, 22k, KEEDIREML Cu—BTC HEIR A HE BT 5 i il

R CO, 2N BRI KT R4, 2024, 43(1)
10-16.
GUO X Y, LI S. Preparation of waterstable functionalized Cu-
BTC based mixed —matrix membr anes and its application in
CO, separation[]J]. Journal of Tiangong University, 2024, 43
(1): 10-16(in Chinese)

[2] YUANBL, ZHAN G X, XING L, et al. Boosting CO, absorp-
tion and desorption of biphasic solvent by nanoparticles for ef-
ficient carbon dioxide capture[J]. Separation and Purification
Technology, 2024, 329, 125108.

[3] HUXY, LIU L B, LUO X, et al. A review of N—functional-
ized solid adsorbents for post—combustion CO, capture[J]. Ap-
plied Energy, 2020, 260 114244.

[4] GKOTSIS P, PELEKA E, ZOUBOULIS A. Membrane—based
technologies for post—combustion CO, capture from flue gases:
Recent progress in commonly employed membrane materials|J].
Membranes, 2023, 13(12): 898.

[S] ZANATTA M, GARCIA-VERDUGO E, SANS V. Direct air
capture and integrated conversion of carbon dioxide into cyclic
carbonates with basic organic salts[J]. ACS Sustainable Chem-
istry & Engineering, 2023, 11(26); 9613-9619.

[6] YANGST, KIMJ Y, KIM J, et al. CO, capture over amine—

[7]

[10]

[12]

—_—
—
(O8]
—_

[14]

[16]

[17]

functionalized MCM-22, MCM-36 and ITQ-2[]]. Fuel, 2012,
97. 435-442.

SAMANTA A, ZHAO A, SHIMIZU G K H, et al. Post—com-
bustion CO, capture using solid sorbents: A review[J]. Indus-
trial & Engineering Chemistry Research, 2012, 51(4); 1438-
1463.

XIAO J, SITAMRAJU S, JANIK M J. CO, adsorption thermo-
dynamicsoverN—substituted/grafted graphanes: ADFTstudy|[J].
Langmuir, 2014, 30(7) . 1837-1844.

KUWAHARA Y, KANG D Y, COPELAND J R, et al. En-
hanced CO, adsorption over polymeric amines supported on
heteroatom—incorporated SBA-15 silica: Impact of heteroatom
type and loading on sorbent structure and adsorption perfor-
mance[J]. Chemistry, 2012, 18(52) . 16649-16664.

LI K M, JIANG J G, TIAN S C, et al. Polyethyleneimine —
nano silica composites; A low—cost and promising adsorbent
for CO, capture[]J]. Journal of Materials Chemistry A, 2015, 3
(5): 2166-2175.

CHEN X J, LIN J, WANG H W, et al. Epoxy—functionalized
polyethyleneimine modified epichlorohydrin—cross-linked cel-
lulose aerogel as adsorbents for carbon dioxide capture[J]. Car-
bohydrate Polymers, 2023, 302 120389.

WANG S Y, LIU H R, CHEN S X. A strategy to synthesis
amine —functional Poly (Divinylbenzene ) HIPEs with control-
lable porous structure for effective CO, adsorption[]J]. Fuel,
2022, 322. 124120.

WA, DA, SRR, AR RRRAL Sio, ZERFEAR CO,
BRI 2 S PERBRIFSEINN. TR, 2022, 28(11): 1-9.
YU SN, MA K, ZHOU C A, et al. Development and perfor-
mance study of integrated macroporous SiO,—based solid amine
CO, adsorbent[J]. Technology of Clean Coal, 2022, 28(11):
1-9(in Chinese).

RENY P, DINGRY, YUE HR, et al. Amine—grafted meso-
porous copper silicates as recyclable solid amine sorbents for
post—combustion CO, capture[J]. Applied Energy, 2017, 198
250-260.

SHI HT, YANG J J, AHMAD Z, et al. Co—grafting of pol-
yethyleneimine on mesocellular silica foam for highly efficient
CO;, capture[]]. Separation and Purification Technology, 2023,
325. 124608.

LIU HR, WANG X Q, CHEN S X, et al. Sponge-like polye—
thyleneimine adsorbents with interconnected open channels
enabling ultra—high CO, adsorption and separation capacity[J].
Separation and Purification Technology, 2024, 330, 125528.
LINY C, LIN H, WANG H M, et al. Enhanced selective CO,
adsorption on polyamine/MIL-101(Cr) composites[J]. Journal
of Materials Chemistry A, 2014, 2(35) . 14658—14665.
KWONHT, SAKWA-NOVAK M A, PANG SH, et al. Ami-
nopolymer —impregnated hierarchical silica structures: Unex-
pected equivalent CO, uptake under simulated air capture and

flue gas capture conditions[J]. Chemistry of Materials, 2019,



%5 6 1]

-39 -

31(14) . 5229-5237.

[19] YANH Y, ZHANG G J, XU Y, et al. High CO, adsorption on
amine —functionalized improved macro —/mesoporous multi-
modal pore silica[J]. Fuel, 2022, 315, 123195.

[20] LIN L, MENG Y, JUTY, et al. Characteristics, application
and modeling of solid amine adsorbents for CO, capture: A re-
view[J]. Journal of Environmental Management, 2023, 325.
116438.

[21] AL-ABSI A A, MOHAMEDALI M, DOMIN A, et al. Devel-
opment of in situ polymerized amines into mesoporous silica for
direct air CO, capture[]J]. Chemical Engineering Journal, 2022,
447 137465.

[22] M, 2R, KkE, 5. MOF-177 WK CO, CH, LI
FE). GiBN AR RR A5l 2018, 31(1): 90-96.

ZHU W, LI Q, ZHANG P, et al. Simulation study on the ad-
sorption of CO,, CH, by MOF-177[]]. Basic Sciences Journal
of Textiles Universities, 2018, 31(1): 90-96(in Chinese).

[23] HESSIEN M, PROUZET E. Synthesis of hierarchical porous
silica by sol—gel of sodium silicate and nanoemulsion templat-
ing : Effective combination conditions[J]. ChemistrySelect ,

2021, 6(7): 1440-1447.

[24] MUTYALA S, JONNALAGADDA M, MITTA H, et al. CO,
capture and adsorption kinetic study of amine-modified MIL—
101 (Cr)[J]. Chemical Engineering Research and Design,
2019, 143. 241-248.

[25] YANG C R, XIONG Y X, CHEN ], et al. Amine—functional-
ized micron —porous polymer foams with high CO, adsorption
efficiency and exceptional stability in PSA process[J]. Chemi-
cal Engineering Journal, 2021, 420, 129555.

[26] HOU X N, ZHUANG L Z, MA B B, et al. Silanol-rich platelet
silica modified with branched amine for efficient CO, capture[J].
Chemical Engineering Science, 2018, 181 315-325.

AR5 3E:

BREHE, SRR, BHE [, 45 BRIE KAL Si0, & CO, T F
R 5 S ERE M. K TAL R 52274, 2025, 44
(6): 31-39.
HOU Y H, ZHANG F Y, ZHAO G G, et al. Preparation and
performance analysis of spherical macroporous SiO,—-based CO,
adsorbent[J]. Journal of Tiangong University, 2025, 44(6):
31-39(in Chinese).

(A% 220 3E)

(E#% 30 )

[15] OSTERMANN M, BILOTTO P, KADLEC M, et al. L-ascor-
bic acid treatment of electrochemical graphene nanosheets:
Reduction optimization and application for deicing, water up-
take prevention, and corrosion resistance[J]. ACS Applied Ma-
terials & Interfaces, 2023, 15(18) . 22471-22484.

[16] XU N K, HAN J, FENG Y, et al. Polyacrylonitrile/poly
(acrylic acid) layer —by —layer superimposed composite na -
nofiber membrane with low iron ion leaching—out and stable
methylene blue—removing performance[J]. Journal of Mem-
brane Science, 2022, 641 119935.

(17) AW, #5758, A, I T AN R 25 0 1) 26 [ i S0 210 1Y
WIHIL AR2IARE 58K 2023, 38(1): 6-7.

ZHOU Y, JIANG X X, NIU J T. Design of weft corrugated
fabrics based on different structures[J]. Modern Silk Science
Technology, 2023, 38(1): 6-7(in Chinese).

[18] AW, JEigEd, TULEL, 5. WBATA BT SO S48 5 B K 1
REMOC R RSAIMET., 2019, 36(6):1203-1209.

YUY, FANHT, WANG H C, et al. Relationship between ma-
terial and microstructure of filter cloth and water permeabili-
ty[J]. Fine Chemicals, 2019, 36(6) :1203-1209(in Chinese).

[19] CLAUSI M, SAVINO S, CANGIALOSI F, et al. Pollutants a-
batement in aqueous solutions with geopolymer catalysts: A
photo Fenton case[J]. Chemosphere, 2023, 344, 140333.

[20] BUZY, LIXY, XUE Y, et al. Hydroxylamine enhanced treat-
ment of highly salty wastewater in FeO/H,0, system: Efficien-
cy and mechanism study[J]. Separation and Purification Tech-

nology, 2021, 271, 118847.

[21] FONTMORIN J M, BURGOS CASTILLO R C, TANG W Z, et
al. Stability of 5, 5—dimethyl-1-pyrroline-N-oxide as a spin—
trap for quantification of hydroxyl radicals in processes based
on Fenton reaction[J]. Water Research, 2016, 99. 24-32.

[22] XIE AT, CULJY, YANG J, et al. Graphene oxide/Fe (Il )-
based metal—organic framework membrane for enhanced water
purification based on synergistic separation and photo—Fenton
processes|[J]. Applied Catalysis B: Environmental, 2020,
264. 118548.

[23] GAO Y X, YAN S M, HE Y, et al. A photo—Fenton self -
cleaning membrane based on NH,-MIL-88B(Fe) and graphene
oxide to improve dye removal performance[J]. Journal of Mem-
brane Science, 2021, 626 119192.

[24] WANG T, WANG Z Y, WANG P L, et al. An integration of
photo—Fenton and membrane process for water treatment by a
PVDF@CuFe,0, catalytic membrane[J]. Journal of Membrane
Science, 2019, 572, 419-427.

AR5 3E:

™, ML, IRTIE. PVA BOPERRES T ECAL PAA 214 S
THRELH i) £ S HAT 7 F R A AR PR ). R Tl Ry
4R, 2025, 44(6); 21-30, 39.
FENG Y, LI'Y Q, XU N K. Preparation of PVA-modified iron
ion —coordinated PAA fiber —based functional fabric and its
treatment of methylene blue [J]. Journal of Tiangong University,
2025, 44(6) : 21-30, 39(in Chinese).

(FTHE2m#E A2 )



