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1o P o i 71 2850 He R R 571 14 o) 8 S H X CO, 1Y
Wz B

ok Aal2 A K 22 ah U2 TR 4R2, R, R AT

LG JRIE Tl K2 BRI 2 B, MRV 1500905 2. B 5 BHE KR RIE S TR 2B, WY 518055

W OE LU MB RS N R, 2L 2R A R LR B ALO,, T DL AE S AR R 5 R L T e
(PEI) il 5 415 2 [ A5 e W B 500, P R AR 58 T Xt €O, By W Bk i Mo PR AR e k. a2 fb . b 28 1.4,
ERAETZBEC T RIS SUARTUN 2.75 em® g ' (9 2L ALO, 244, 398 1M 1 4575 246 25 0 e B 55 (60%PEI@ALO;-4 h),
FEXF CO, 010 F0 I B R ) AT 3k 2] 194 mg-g ™' 3% W R AR 1 1 A TR SO0 CO, i TR ST 28 5L Fa s I 908 A 1k
i, 10 WAEIN )G HXT CO, i W B 5 4K 4% g 186 mg-g™ Fl.148 mg-g™', 70 B ZE WA 2] 1% F1 15.2%. AHF 5L 45 5w/l
R TERARBAS o et e 1 285 e W e ) 4 A 2 25

KHEIR AL ALO, R B MM B LI 2RI co, MM RE s 1R A R e

A BRBHR A BE B 3 CE £ 19 CO, HE AR, 1800—2020 4F, R CO, AR 73 % th
280 cm®m” FF & 410 em’ m”, il A ER R AR L THEY 1.2 CFY AR R AR AR R, A E 4 4y
ME T CO, WHFECR , W E N T Bk th A HARY, CO, 4 82 5 A G N Tl HE il s 958 4k sk 2>
CO, HE, 3 TR A A 1Y COy, PRI X 7K Jfe R4 2 25 i ol 9 % B i e ARk L R 1) HLASE
fRLE 7= o ARBR L JyBb g SRk R AR HR A UT

CO, AR FARAT G2 WS A B I 7 g 2 10 255 25 IR B I Dk | REAE . 08
BRI TE Y Bl A5 I T, ] ARG B0 (48 5 R R BT 5] L 22 L LR 5] AR [ 285 e R R 551 ) A
SEARA HI IR 1Y CO, 43 B H ORI, Horpr [ 2R e W B 50 B A LR 3. CO, ikt s . WM fE
SR RN R PRRIBEFEAR ; S AERET, ATH TR E CO, Mg s HARMER AL, W isiTiRE
H 50~180 °C - B P73z W T ol M0 CO, il A2 ™0 181 285 Mg W B0 700 368 5 2 K AR L g 4n 3R & 0 I g
(Polyethyleneimine, PEI), PUZJZ Tl (Tetracthylenepentamine, TEPA), Fi.Z%7 < (Pentaecthylenchexamine,
PEHA) 45 15 15t a1 22 3] 22 FLARAA i 25 e 22 FLA MR B 5 4 IR B AR R R B8 b s T [ A5 i
W B CO, e B fiE . LG Z ALk A . AL A kR . AHLHEZEROREL . 240Kk . Z LW IR
SEAE N ) Z2Fh AR R S WIS N BT A o R AR L AU SR TR R G il B B R L
L = S A ik T 67 2 PEI i £ 51 25 e W BiF R0, HE CO, W R BE 7 35 %) 214 mgrg™'. IRANI 451 % ]
s BHE: 2021-12-19; FAHHA: 2022-03-10
ESWE: ERARFFELSEITH (22008104); EFE G & TR0 H (2018YFC1902904); ) 4 4 3k 45 10 FH 3L mE B 57 26 4>
T H (2021A1515010148); I T H AR B G 9 H (JSGG20210713091810035)

T—EE: WEE1992—), B, WL, 11849588@mail.sustech.edu.cn; BRIBIEEE: HA/EL (1978—), B, i+, #
¥, zhangzt@sustech.edu.cn
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TEPA 2 R4 KA, il 5575 21 B0 [ 25 e W B 57 LA 220 mg-g ™' DA B9 CO, B RE J1 . SR, T
52 2% () il B o 7 M 22 B SRR ) 1 S BOW BRI A B SR s R T o A, ARV R, FE
i CO, AF Sy i W A TP 03 7 WO 1780 265 e B 790 e A v, 92 R D 590 A A 2 7 LA B0 DR A i IR 3%
PR H S T o T A ] CO, 1R S il W ST R 3R A5 = 46 CO, I T J5 Ze A sl st A7 DO Pt ik /5
TR AE CO, fEMAURT . B HEL A = B e 1 A [ 28 e R 551

ZfL ALO, A B m R L3RI, HARE ML, TR . i fh i | R B 790 2 1k 4 4 dul iy
Iz o ALO; ZARAE R PR 0T 5 A 55 2 0 6 By R M6 a5, (75 1 5 A5 200 mORM I 18 B AT 308
PREGHERENT ., SR, Z 4L ALO, MFLIRFRE A /N F A FL A A | 16 M pe & A, (A5 0k DL 1 30
TR IE VRN, TS R B A W B R B CO, MR B M R R A R,

A 5T LR TR 40 RN A R S5 2 Fl AR £ R SR A Tk @I = R JRORE SR 3 2% A8 Y Oy =Xk
T LA R AUAR TR ALO,, I DA 5 2% PEL il %% 45 L 18 A B e bt %1, 12Dtk 2 4L ALO, 1L
Bt . SRJE . T RUBIF SR e 1 A e W SR R0 6% W R P B RN PR R , RS G A TR AR, $8UR R
] 25 e W R R0 ) 40 PR RS PR AL, DA A — 20 R ARAS | e e e T S B W B R BRI S
1 #MRl5RE%
1.1 SSIEME

FRTR AN (ZEJE 99%, BRI T), T /\KBRERE (Ll 99%, FIHiT), 1E T BE (ZiJEF 99.5%, #& 7%
M), B RE (2 BE 99%, Bk 95 PEL, F343 F4 4 1200 Da), HEE (2% 99.5%, 2% 5
), Bk Sio,(E E A, FLIAF 132 em’ g ).
1.2 %7l ALO, 5B 7Bz W M 57 A0 il &

1) Z4L ALO, AR & 3K . 43 BIFRHL 4.92 ¢ F1 6.66 g FR R GH A+ )\ K BRBR 5 T 2 B dh v,
B IMA 100 mL 2 B F7K F 25 C B FE it ARJe RS, JF7E 25 C FHREZEHEHE 30 min; KRG
Wy # 2 ME K R T 80 C &4k 0~6 by, HUHIR & W Vet uE s W DIEYW 5 IE T B 4% T i 1
1210 AT AT, HUEYE o il IR G B 2L i E s, €93 CH@posh, 25
FHEZE 117 C 3k 1 hy FRFARHEBCR O, B0 A UIRETE 80 C MR h 48 12 h; et T4
J& BYRE 5L BT 500 °C B R kiR 4 b, il 15 2 241 ALO,.

2) W B3] A ) 25 A0 R o FREX 2.05 g PEL T-Re#hrfr, FMA 25 mL HEEFE /344 0.5 hs ARAEIMA 1 g
B o 2 4L ALO; 51 g il Si0,; RIRFEIA 5 mL HIEE, 7525 °C FHp2efiidl; 5 H mRAzE
K5E, R 60 C HA THARARSE T8 4 ho BT 48 04 15125 B W B 750 43 331l i 24 4 60%PEI@ALO,-A
Ak . 60%PEI@ALO;-4 h, 60%PEI@FR V. SiO,(4 h F/Rn £ £l ALO, Hi 4 1 F2 i i1 & AL s 1A] )
1.3 TR Bf 545 14 = i A0 O B 14 e 30 3t

2 £ ALO, FE S B N, W R i 28 5% ) ASAP 2460 4 2 % Bf 43 H14% (Micromeritics, USA) #E47
FE o KRS AY EE 2R i AR FL AR 434 43 93 Brunauer-Emmett-Teller F11 BJH £ 8 £ 17318 . F 4% 7] -Sigma
300 AL HL T 0 B (SEM) S XL 58 28 1A 0 WA o6 7500 1 29 T T 300 o R o 591 A AR e Pl AR 40 AT Y
(TGA, Setsys EVO Easy 1750) #1702 . #F Ar A T, LA 10 C-min™' B9 FH IR 3 R TR 2 800 C,
15 BB IR E T 2 .

SR FH TR 3 BT ACHE A7 W B 500 19 CO, T B 44 BB AN 0 B s 0 3k o X6 W RF ) B R S 565
B PR B 15~20 mg W B 704 F AL R I, 78 120 CAr A N B 0.5 h, ARG REE 2=
60~105 C, B4 CO,, #4760 min HYMZF , Bt oe S A DI R Ar, JFFHR 2 120 C
fi# W2 30 min.  XF T 7E 1 P A AU B G PR U BRE S AR, MBS JEAE 120 C Ar AU TR 0.5 b,
IFREIR 2 90 °C; 55 L IRTEM I 1R, e mI#ch co,, 47 0.5h FIMFSEE, 5K Co, <R
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Yl Ar AR, FFFHIRE 120 C f#IK 15 min, BfJ5 PRI 2 90 °C, 55 L IRTEALS R, EAT —116
W, EAEEE | MG LT, AW S5 76 R ECH 10 K. X T7E CO, W <40 T 7§
PR BFF 256, W RRESRI 1 S AE 120 °C Ar AU R 0.5 h, FFRFRIRE 90 °C5 55 1 IRBEH T bR, el
WY A CO,, #EAT 0.5 h UL FI LS, HE T VI, HIETE CO, UM MR 2 165 C il
15 min, FHSGBEMEZE 90 C, %5 1 IRIERLEA; AT NG, BEHEEE IR R, &
AW R} S 56 A9 B B U ECR 10 1K
2 #HR5iTR
2.1 %7l ALO, EHRIE

ek i FE X 2L ALO, Z5 B2 A1 1 fifn . TR ki 515 . £ 1L ALO, A9 U B B 45 R
LI INEL, FFAELE A H3 BRI PR . X RIARE B — o R R FLES ), X PR FL &5 I A
B, ORI AR A L, 3R 2 1L ALO; H AR RN U B AR B o T AN e A S, IF AR
W o 384 B 2 A T AR R 18 0.8~1.0 B o 33 3% B bl b B R B 7 Fh R AL A it o 2 PR
YWHAEKRGEWILESA, N 5~40 nm, HILG5AFEMEL R 1, SARILI RS AL, 321l
ALO, Wy LLZRTH . FLAAB LR B B3 K, ik ) 4494 em® g™, 2.59 cm’ g Fil 21.3 nm,
WYL ALO; FIHLHI AT IH A an R P2, 5 A R i B K 5 A 2 T & A R E R K, EREE YT
PRAG R R, TR TR R R K, A S F IR 5 B, BLEK A R
S MEE TR A R Y, T AL ALO; FLIRTRR /N s A B T BE 5 5 A sl K 45 4 i K —

1800 ¢ 0.04 -
—A— ki . —a—Jtih
15007 —o— At 7 —o— Atk
= 003
1200} g
g Ton 5
= 900} = 0.02+
= 7 g 002(]
= ¢
= 6007 g = s
z g S 001}
3001 - A w\\é
OAA‘AAAMII\AA‘\‘:\MAA‘ ‘ 0'. . \ : ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1.0 0 30 60 90 120 150 180
AHXFE F1/(P-PyY) fL#%E/mm
(@) NI i 28 (b) FLA4

1 HBMAHLHFEZ T ALO, H RAYFLEE ST

Fig:'1" Pore structure characteristics of the azeotropic and non-azeotropic porous Al,O, samples

A AN ST R RS T KA 93 C %1 FREAREHHEBANSILALO, ILEHEY
e SN AR TR LK SR A R A K Table 1 Pore structure parameters of the porous Al,O; under

SFEEHBERTEESR YT BT TREEME different synthesis conditions

[k S/, TERE)E BT R R, R e Saerllem®g!) Vi em’g") Dinm

AL &35 ) i R B R b e O B T R eSS 771 0.36 176
=R T 2B ALO, FLE Y -l 433.1 2.49 202

S, O [R)  A ] A 2R 2 £l ALO, B AR HE-21k2 h 449.4 2.59 213

W B AR e AL AR W 2 i, R stub-sfean 495.7 2.75 203

. LRS- LS T 3% 1, ol 3R ih-1k6 h 4742 2.51 19.0

W1 B AL )X ALO, B L 45 #4 52 i OF A K HE: Sy AR IR VARILRBG DFRBIHEHIEY

B %5 & AL R 34, ALO, A HL R m AL IR R AL
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Y RIGN, AEIS 1A 4 h A B fef,  HOER TR ALAR A 7050 ik 21 495.7 em™ ¢! 275 em™ g

K 3 R BAZAL 4 h i 593035 2L ALO, MBOWE Y . 5 R Frai RAR B2, Zi
L RERT ALO; B SO S A ATt 2 R o SV 2 R el AT R R R FLB A A, AR LR 45 A
RATR] o ARZAL ALO, B bl TAOULAS A4 52 B D4 240 /0N Xy R IRPotR eoter , ELATC RN 77 3 CHERRY, ki 2
) FE 3 R /LB &k 4 h B ALO, BEdh OWES P, 20/ ORI 2%, BEAE AREPRAY P 7 45
F, PR R TR R RO AR LB . 2 R 2 AL ALO, SR R LIRSS, XA R R &
et Y i A A e C O, WG BRF 4 [T 285 g A A 9]

1800 ¢ ‘ 0.05
—a— 3Rk 3 O\ —a 3Rk
1500 —o— %{%-%1{32 h 0041 X —o— %{%-%4%2 h
~ —v— -2 k4 h ; E ' —v— P2 k4 h
T a0 O Wb-Zfk6h £ ¢0 ~o— Hth-#1k6 h
“ I F 003§ e
: L 0 g
= 900+ @
= 5 0028
= =< hy
= 600} 8 5
z S 001 b
300 - ©
0 [
0 h L L L | . L L L |
0 0.2 0.4 0.6 0.8 1.0 0 30 60 90 120 150
HAXT R F1/(P-P;Y) fLi%/mm
(a) Fh ALO A S AN MO BE i 2 (b) I ALOLRE S A FLEE S A1

B2 TREZLETERIHHZ L ALO, B FLESHHHE

Fig.2  Pore structure characteristics of azeotropic porous Al,O, with different aging time

ey

? 50(‘)gnm

(b) Fih - k4 hZFLALO,

3 #H#BE7ALO, M MALR
Fig. 3 SEM images of the azeotropic porous Al,O,
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2.2 [EZSBR IR BT R4 AE

Gl AR AR 4L 4 h 2Rk Z AL ALO, 4K 11 48 60% 19 PEL il 25 W B %1, I EART L Sio,
AR ] & 5 1Y PELAVE 0 RRZH o SR AR 0 B Ao B 1 3 Rl B ) i AR e 1k, 45 R IR 4. B
Jextali PEI $EAT 40 M, & BL4l PELAFAE 2 > DTG 73 fif s . 55 1 [ BE S 200 °C B, FEEA k%
SRR A B (9 /NG F PEL IR 43 5 56 2 By BE & 7F 200~500 °C B 3204, & iy PEL 2 i il i . 31
BRI B T B DX [R] B AR T IR 97.6%, 2 BH PEL 1) 43 fiff I e X — DX [B), PRk, ml ok ok 820X ) 1)
PR TR T W B R A PEL f ki o /b T804S 3] 60%PEI@RT Mk Si0, . 60%PEI@ALQO,-A # 4k Fil
60%PEI@ALO,-4 h ) PEI 171 5 123 51 4 56.5% . 62.1% 1 62.4%., 3 Tl W B3] i PEL i 1 1) A 14 TR
FES IR BN T 234 °C, 248 °C 1245 °C. X U 3 Fhug B 700 35 B S G e v, BE7E R S i IR
FE N 64T CO, e .

100 0 0
DTG DTG
80
1 1-03 ~
s O ) Z 5 <
5 N - @ {06 S
= 40} M- T
o ® TG )
1 1
20 F 13 K | 500°C -0.9 *K
366°C TG
ol SIRE 347°C
s : s s s s —4 oL— s s s : s s -1.2
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
TR/ C RE/C
(a) 4liPEI (b) 60%PEI@FVSiO,
100 248°%C —n q0 100 245°C ) 0
; TN ;
: DTG ‘ DTG
- y 80,
% 200% 103 =~ 200°C 1-03 =~
S 60f S &-; & 60 & é';
b . S w < s
N o = PN 1 4 =
= © -0.6 SN i & 0.6 M
K 40F ®oox 40 #
1S flj TG ;Ej
10, 1-0.9
20| Nl 1 20 — L]
/' 500°C
'360°C 360°C
: : s ‘ ; ; : -1.2 0 L— - : : s ‘ ‘ -12
1007 200300 400 500 600 700 800 100 200 300 400 500 600 700 800
RS/ C MR/ C
(€) 60%PEI@ALO,~A#4k (d) 60%PEI@ALO;—4 h

T R N B A
E 4 45 PEI fIR 57 B9 TGA-DTG Bhk
Fig. 4 TGA-DTG curves of pure PEI and adsorbents
K5 0 3 Fh R 1138 60%PEL 5 B WOWIE S . 3@, Rk Si0, B FOMLIE 3 J2 T i B 44 K MO .
1B 60%PEL I, ORI M HE Ak PRI, FFHIERGSS R, B A BIBRY, HILT-30A ¥
FALBRE . 10X F 60%PEI@ALO,-K # 1k il 60%PEI@ALO,-4 h, & ARFEA £ 5 L LS &
T, (HSREIF A B PEL LI OGBS, JU 2 60%PEI@ALO,-4 h 1 B 551 38 5% 45 £ HY
fLBR, W]k CO, H A5 47 83 W B 500 9 AR B b 0 B2 HGE T8, A7 B T2 CO, 1 W B i 7 1 W B
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(a) 60%PEI@FV.Si0, (b) 60%PEI@ALO,—F %1k (c) 60%PEI@Al,0,~4 h
5 WRHMiFIEI SEM
Fig. 5 SEM images of adsorbents
2.3 IRMIFIED CO, IR B 15 A8

FERLBE A 90 °C B 25 88 T AN [A] 0 B 570 1) CO, MR BT RE T, 45 A UL IET 6(a). 3 ol W 6 741) f1% W f 3 72
YR 43 Ay e 0 BEF B B (0~10 min) 118 3 W% BT 5510 B B (10~60 min). . 60%PEI@F i SiO,. 60%PEI@
ALO- A E 1L Fl 60%PEI@ALO,-4 h 3 FH B 771 (1) 16 A1 CO, W B 543 31 4 165, 172 1 194 mg-g™'c H
o, ZERT 10 min B0 B4 BI3A 3] T 138, 150 A1 174 mgeg ', bR 5 0 BT I B A 3% A4S 1% o s A o BT ik
T EEN CO, WM. 60%PEI@ALO;-4 h W Bk 551 A8 AN 40 A 5 B 1 CO, W B R 77, [ B 91 A 45
(Y W FFF 2%, FERT 10 min (9 CO, W B 5 B AT 2K 281 (R FII B 52 09 90% . >4 [8 285 il W Bt 551 ) CO, W ffy
T 4 mmol g (176 mg-g™) B, W B 7 A9 AR RERE T A S S R AIG, DRI, A TS0 75 (T 2850 g R fF 541)
[ CO, W Bt - bm o 22 R 176 mg-g ' P2, JEFIZ W8 45 5 o A5 i il £ 1) 60%PEI@ALO,-4 h W it 5]
Bk B0 75 W M 500 B b o . 3k R A5 25 T 2 4L ALO, #AKAY K Ik FLIER G, A T CO, P B2 1 1k
Jiie W 6 A7 pii e A W B B L o TR, Al BT R Ak 4 h 1 2 AL ALO, IS A 1F S 2tk 17 2 PEL T
CO, gk o MeAh, 3 Pl 500 B0 A 08 5 i ez Pk fig , ZEFE R AU MR 15 min B AT 400 R A 1% .

& 6(b) Sz e T A [7] W% B 3558 %5 60% PEI@ALO,-4 h W fF 1) CO, W BFF 1 i A 52 mie . T e iR B )
T4 = B SR B CO, MR B, SRR A 90 °C B, W B EEHEIT AR TR TR X CO, W B %5 M ] )5
gk 2 7P 1) BEARRON , BIECO, FiiE M R i) S g 2 — B ot B2, L0 B 6 7 Bl U BE o e
A s 2) P2 F &0, RP o v ik B AT AR 0 M e i oRG B2, AN {45 CO, I 4 HCBE s/, A R T
CO, § Bme Bt . HIk, 90 °C J2: 60%PEI@ALO5-4 h W [ 751 iy e A3 18 FRF IR

200 200 ¢
150 t 150  #°
Tco Tw
&0 50
E 00}y E 100}
i i)
= " 2
= | | ——60%PEI@F5LSiO, = Ll 60C
Oy G0%PEI@ALO,— K Z 1k SOl T
——60%PEI@ALO;—4 h | ——90C
vg —— 105C
0 . . . l 0 . . . .
0 15 30 45 60 75 90 0 15 30 45 60 75 90
W% B 18] /min % B R] /min
(a) AR BRFRIFIZS (90 C) (b) AR BHEE (60%PEI@ALO,~4 h)

El 6 MRHMIFEI CO, BB 14 E

Fig. 6 CO, adsorption performance of adsorbents
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2.4 DR BB 22 14 &8

06 AT P e [ 25 e e O ) A S 2 4R b, L4 O AR 30 S B o ol R v A R i A CO, il
LA o A B EER X [ 25 e W R SR A O PR ARE MR E TR T R SE , (H R 280 P R S
SAETTIRSE, MU AR &l CO,, MELULH TR MM S E A7 43R T 3 i B 770 76 4 1 AR
1 CO, AU W G PR AR E T (WL 7(a)), TEVEESGUT MR, 3 i B 55 34 3 A A T 170 17 B Ak
EME. &id 10 RFEIR, 60%PEI@F Ml Si0,. 60%PEI@ALO,-A % 1L Fll 60%PEI@ALO;-4 h iX 3 Filt I
BRF 59 B A W2 B o 31 R 157 171 A 186 mgrg ', FEWCR ML T 1.0%. 33X J& /iy T B 55 A K 4F
M Fa e, £E 120 °C MHE M W ASUR T XELUIE & o &1 7(b) Sk 3 R BRER) AR CO, i WS4 T 7
Wi et . BEEMEIRIETT, 60%PEI@FRT b SiO, W B 31 28 7 7 DL ik 36 i i, W BfE o M0 4 /)
146 mg g™ Pl FFEF] 19 mgrg™, 8% 53k 87.0%, 1M 60%PEI@ALO-K & 161 60%PEI@ALO,-4
h HIRSR AR FE G RAF ORI 1, 40 10 RAIG IR IR LR A TR Bff & 136 148 mg-g™', IR 43 Jil)
LM 15.9% ., 15.2%.

1 60%PEI@F . SiO, C160%PEI@F \LSiO,
60%PEI@ALO,~ AR #1k £9.60%PEI@ALO,— A &1k
2001 g8 60% PEI@ALO,~4 h 2001 g28 60%PEI@ALO,~4 h
RN N 160
2 : P
s - & 1201 N
g . £
]‘ﬂg : ﬂé““ g0 H |
= : = \
: a0t
d
:
GRES- RS- 0
56
PRI IR AEK
(a) TR TR (b) CO MR
7 3 FhOR B A IR E
Fig. 7° Cyclic stabilities of the 3 adsorbents
gE— 2B T 3F R E RS IO R RARIR —— COLMI S FURER

A, DI AW HLH, 453 WA 8. 165515‘71 1476
1 5 1 A 0 AU B 10 VKU L 3 R R I 7 .

1200~1 800 em* ¥4 tH BAR [F] fry 16 . 3X /& PEI 43
T A AL s 1315 em ! R C— N 25 il 7
B 1476cm MBA—CH, MRS 1571em™ oo “a
A1 10655 e X B N—H 25 i 5 31 20 1 414 5 S0, /N
76 1125cm | MR C—N MZidah; 1097em’ |

2

X Si0, i 4 fE W Si—O —Si 2, 4 fE 2000 1800 1 éoo 1400 1200 1000
CO, fi# W < 5 P& 10 K5, 60%PEI@ALO;- B fem!

K Z AL 60%PEI@ALO,-4 h [ 4T 41 P i3 5 4 1 8 3 FRORMIFH 10 R AEIR S HYLLSMEI
PEVEmE S AT B R — 5, SR 60%PEI@ Fig. 8 FT-IR spectrums of 3 adsorbents after 10 cycles

Tl SiO, W BRI A07E 1281, 1453, 1502 F1 1 691 em™ &b H 3 4 AN 3706 33 2 8780 (4 JR A& W i)
FEAEIEDS, 2T AP RIS 25 B W, ke ik 1 25 e W B 500 7E CO, ST M IR A & T 1 PR 25 4645 4 i e
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A, AR 25 R B R A B BT R AL AW R T SRR, BRBAE CO, IR T 4R
KA A PR AR 1

X TS B Tl R T, A 3R I S R R B R A CO, R SR T IR PR BB A SRR E L 1 L
T 1 i R AT R U T ok v AR R R TS R R B R FE CO, AR A WIS T R 2 M R AR R K By
71, TEAE 165 C T I ARHE 58 2 W . 1 F Ik T BB X U BRIk H 2 5 T A RN 1PET R
A — TR T PEIFH 4 F R A PEL/NS T, 165 °C YA W B X T 33X 88 /82 7l 5 ] g i
B, SEOXEENG TR R N, 8 O R R B s 2) XA Gk RS e W R, A
ff W B = T 120 C B, IREFEAE WL S KRR, 1 165 °C /Y& iR IR 2 165 W0 19 25 B Ry
AP TR AS R e 1 2 e W R R0 ) £ A0 LS R I R R AL SR AR, (PRARFE IR B G
AR T B, B R T AR B A I A R AG I F AT o R R R Al 2 e s . I, FE
CO, MR N, A] AE N 15 B3 o6 790 A 182 280 23 RS B B8R P i 2 I Rl I {0 i 2 3 3 2% i
— A ik v A R I A e I I ) B AR e 1 S B T A
3 Zig

1) 38 2 45 R BV 5 B R AR VS MR AT T R G el AL L T A 15 B 2 A RALIAR
AL ALO,; TERIET.ZBHT, il LIl ALO, B tbRTE . FUAFRIFLAS 20 Wik 5] 495.7 cm? g '
2.75 cm’-g”' F120.3 nm,

2) 2R JH 17 B 1992 355 85 PET £ 28 25 L 241 ALO, by il 2575 200 0 D 258 4 4 e 71 265 g W o 751
(60%PEI@ALO;-4 h) i) CO, W [ ik %) 194 mgg!, k8] T 00 F5 W 570 A AR e (176 mg-g ™' L) ).

3) %W B B R R FR M RE . H B AR SWPUR R G WIE B RE s 7618 1 M 40
CO, fift W R F H#EAT 10 A H, CO, WL B f AR SR 38 & 7Y 186 mg g™ 1 148 mg-g™", 43 Il 3 ol A~ %]
1% F115.2%.

& £ X ®

(1] 2= e, S pithle, oG, . i AR e i Btk R [9] ZR2r#s, skmeos, SIS AR, 5. SIEcECO, AR TR RE A BIFSE it
[9]. A6 Tk, 2020, 39(12): 4919-4939. [7]. #RHTI, 2013, 27(19): 39-42.

[2] JAHANDAR LASHAKI M, KHIAVI S, SAYAYI A. Stability of [10] YANGZ Q, HE C Q, SUI H, et al. Recent advances of CO,-responsive

amine-functionalized CO, adsorbents: a multifaceted puzzle[J]. materials in separations[J]. Journal of CO, Utilization, 2019, 30: 79-99.
Chemical Society Reviews, 2019, 48(12): 3320-3405. [11] LIK M, JIANG J G, TIAN S C, et al. Polyethyleneimine—nano silica
(3] THME, F5, TV A B AR U U LDHIE MR i CO, 1B composites: a low-cost and promising adsorbent for CO, capture[J].
FSEIR D). P88 T AL AR, 2018, 12(12): 3379-3388. Journal of Materials Chemistry A, 2015, 3(5): 2166-2175.
(4] SRIEHA, 4 ee, XIS, 4. 3R Tl BE M COLM Mk T7EbkRE [12]  IhXUb, BESU, Jy SCR, 4. KRB COMBERR i i 40 W S HIA [1.
[7]. FREETRE2#4, 2021, 15(7): 2344-2355. i R SRR, 2011, 27(2): 4-8.
[5] TIAN S C, YAN F, ZHANG Z T, et al. Calcium-looping reforming of  [13] fUTHE, XIHTE. LUK BB AR IR FLEY 85 TS i (i 45, %
methane realizes in situ CO, utilization with improved energy TEFNZ B PERET]. PREE TR A4, 2020, 14(1): 224-235.
efficiency[J]. Science advances, 2019, 5: eaav5077. [14] LOUF J, ZHANG A F, ZHANG G H, et al. Enhanced kinetics for Co,
(6] k&%, Dy, hECCUS HiR & REASHI]. P EEHL TR sorption in amine-functionalized mesoporous silica nanosphere with
i, 2019, 39(9): 2537-2543. inverted cone-shaped pore structure[J]. Applied Energy, 2020, 264:
[7] FANG M X, YIN T, DI W T, et al. Emission and control of flue gas 114637.

pollutants in CO, chemical absorption system - a review[J]. International [15] IRANI M, JACOBSON A T, GASEM K A M, et al. Modified carbon

Journal of Greenhouse Gas Control, 2020, 93: 102904. nanotubes/tetracthylenepentamine for CO, capture[J]. Fuel, 2017, 206:
(8] WRiB, k34, 22N, 25, WEBH T 2o ERRA 4 v () B2 FHBLIR [T]. o B AL 10-18.

LR, 2019, 39(S1): 155-163. [16] JEON S, JUNG H, KIM S H, et al. Double-layer structured CO,


http://dx.doi.org/10.1039/C8CS00877A
http://dx.doi.org/10.12030/j.cjee.201808095
http://dx.doi.org/10.12030/j.cjee.202101003
http://dx.doi.org/10.1126/sciadv.aav5077
http://dx.doi.org/10.1016/j.ijggc.2019.102904
http://dx.doi.org/10.1016/j.ijggc.2019.102904
http://dx.doi.org/10.1016/j.jcou.2019.01.004
http://dx.doi.org/10.1016/j.jcou.2019.01.004
http://dx.doi.org/10.1016/j.jcou.2019.01.004
http://dx.doi.org/10.1039/C4TA04275A
http://dx.doi.org/10.3969/j.issn.1674-8069.2011.02.002
http://dx.doi.org/10.12030/j.cjee.201903198
http://dx.doi.org/10.1016/j.apenergy.2020.114637
http://dx.doi.org/10.1016/j.fuel.2017.05.087
http://dx.doi.org/10.1039/C8CS00877A
http://dx.doi.org/10.12030/j.cjee.201808095
http://dx.doi.org/10.12030/j.cjee.202101003
http://dx.doi.org/10.1126/sciadv.aav5077
http://dx.doi.org/10.1016/j.ijggc.2019.102904
http://dx.doi.org/10.1016/j.ijggc.2019.102904
http://dx.doi.org/10.1016/j.jcou.2019.01.004
http://dx.doi.org/10.1016/j.jcou.2019.01.004
http://dx.doi.org/10.1016/j.jcou.2019.01.004
http://dx.doi.org/10.1039/C4TA04275A
http://dx.doi.org/10.3969/j.issn.1674-8069.2011.02.002
http://dx.doi.org/10.12030/j.cjee.201903198
http://dx.doi.org/10.1016/j.apenergy.2020.114637
http://dx.doi.org/10.1016/j.fuel.2017.05.087

1264 ok L B ¥ W %165

adsorbent functionalized with modified polyethyleneimine for high high anti-urea stability[J]. Journal of Cleaner Production, 2022, 332:

physical and chemical stability[J]. ACS Applied Materials Interfaces, 130078.

2018, 10: 21213-21223. [22] SIEGELMAN R L, MILNER P J, KIM E J, et al. Challenges and
[17] #ETRL A/, w5 b i R i FLABHE K 48 10 Fly-ALO, B il 45 BIF 5% opportunities for adsorption-based CO, capture from natural gas

[37. fe2#E R, 2007, 19(9): 1323-1330. combined cycle emissions[J]. Energy & Environmental Science, 2019,
[18] BHOWMIK K, CHAKRAVARTY A, BYSAKH S, et al. y-Alumina 12(7): 2161-2173.

nanorod/reduced graphene oxide as support for poly(ethylenimine) to  [23] BXFERE, FE R, T M, 25 WIS AL [ 250 W B 70 25 05 T 0% ik

capture carbon dioxide from flue gas[J]. Energy Technology, 2016, CO, MW I PERERFIE[J]. FRETRL 2441, 2014, 34(11): 2892-2898.

4(11): 1409-1419. [24] WANG W J, MOTUZAS-J, ZHAO X S, et al. 2D/3D assemblies of
[19] SHEN X H, YAN F, LI C Y, et al. Biogas upgrading via cyclic CO, amine-functionalized graphene silica (templated) aerogel for enhanced

adsorption: Application of highly regenerable PEI@nano-Al,O, CO, sorption[J]. ACS Applied Materials 'Interfaces, 2019, 11(33):

adsorbents with anti-urea properties[J]. Environmental Science 30391-30400.

Technology, 2021, 55(8): 5236-5247. [25] LI C Y, YAN'F, SHEN X H, et al Highly efficient and stable
[20] CAI W Q, LI H Q, ZHANG Y. Azeotropic distillation-assisted PEI@AILO, adsorbents derived from coal fly ash for biogas

preparation of macro-mesostructured y-Al,O, nanofibres of crumpled upgrading[J]. Chemical Engineering Journal, 2021, 409: 128117.

sheet-like morphology[J]. Materials Chemistry and Physics, 2006, [26].- LI K M, JIANG J G, CHEN X J, et al. Research on urea linkages

96(1): 136-139. formation of amine functional adsorbents during CO, capture process:
[21] SHEN X H, YAN F, LI C Y, et al. Amine-functionalized nano-Al,0, Two ‘key factors analysis, temperature and moisture[J]. Journal of
adsorbent for CO, separation from biogas: Efficient CO, uptake and Physical Chemistry C, 2016, 120(45): 25892-25902.

(TAE % 5. 37 0%)

Preparation and CO, adsorption of high-performance aluminum-based solid
amine adsorbent

SHEN Xuehua'?, LI Chunyan®, QU Fan*, CHEN Heijin’, YAN Feng?, ZHANG Zuotai*"

1. School of Environment, Harbin Institute of Technology, Harbin 150090, China; 2. School of Environmental Science and

Engineering, Southern University of Science and Technology, Shenzhen 518055, China

Abstract The porous’'Al,O, with large-pore volume was synthesized by azeotropic distillation with sodium
aluminate and aluminum sulfate as raw materials, which was used as a support to impregnate polyethyleneimine
(PEI) for preparing aluminum-based solid amine adsorbent. The CO, adsorption performance and cyclic stability
of the adsorbent were systematically investigated subsequently. The porous Al,O; supports with apore volume of
2.75 cm’-g “were prepared by aging and azeotropic distillation processes under the optimal technological
parameters, and then the superior grade adsorbent (60%PEI@Al,0,-4 h) with a saturation CO, adsorption capacity of
194 mg-g' was prepared. In addition, the adsorbent had stable cyclic performance in inert desorption
atmosphere and CO, desorption atmosphere. After 10 cycles, the CO, adsorption capacity of 60%PEI@AL,0,-4
h still retained 186 mg-g ' and 148 mg-g ™', with attenuation of less than 1% and 15.2%, respectively. This study
can provide reference for developing low-cost and high-stability solid amine adsorbents.

Keywords porous ALO; support; solid amine adsorbent; azeotropic distillation, CO, adsorption

performance; cyclic stability
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