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Preparation of amine-loaded ZIF-8 and its CO, adsorption performance

FENG Wei', HAN Tao', GAO Peng®, WU Qi*, WANG Jia-ming®, XU Dong'" , LIU Li-ying""
(1.New Energy Technology Research Institute, China Energy Investment Group Co., Lid., Beijing 102209, China;
2.School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract : A variety of solid amine absorbents have been prepared using the zeolitic imidazolate framework ZIF-8 as
a carrier, which has been physically impregnated with diethanolamine ( DEA ), polyethyleneimine ( PEI) and
tetraethylenepentamine ( TEPA ), respectively. N, adsorption-desorption, Fourier-transform infrared spectroscopy
(FT-IR) ,X-ray diffraction (XRD) and scanning electron microscopy ( SEM) were used for characterization, and the
effects of amine type,loading amount, adsorption temperature and cyclic adsorption process on the adsorption performance
of the solid amine materials were investigated. The results showed that the CO, adsorption performance of the amine-
loaded adsorbent showed an increasing and then decreasing trend with increasing loading, and the adsorption
performance , both before and after amine loading, was thermodynamically dominated and decreased with increasing
adsorption temperature. The ZIF-8 adsorbent loaded with 50% TEPA had the best modification effect, with a CO,
adsorption capacity of 1. 56 mmol/g at 25°C ,which was 1. 97 times that of original ZIF-8.After ten adsorption-desorption
cycles,ZIF-8-TEPA (50) retained more than 82% of the initial adsorption capacity,with a good cycling stability.

Sep. 2026
- 123 -

Key words:ZIF-8; solid amine adsorbents; physical impregnation; CO, capture

Bl Tl R 5 i s e , N TR 351 & 1)
SRR R RS a5t RS
AR B L Tl BHRAZ 9 0,011 3 mol/m’
TH2 2025 4EH5 0.017 4 mol/m® ", A ALTR 2 A
R HE AR F R E SR, Rk R R R R —
DU R MR A R A HE AR e R E K 2 —,
PR CO, WHE TR, #2 H« S b HEk
2030 AERIAFIEAE , 2060 4§ 52 BLAR FP AT (1) XUk
SE7NEN

BT, CO, i KB AFH A (CCS) BFEAFE
RETRMELE 2 i 4R N SCE R MR = 3% co, Wi HERY
FEAAD  fEROE LR T AL T
2 AT SRR T e T2 W R R R . AL

YrfE B 8. 2025-11-10; &[5 B #:2026-07-07
HEETH . B K E S0 &R (2022YFB4101704)

e Rt 5 CO, 7 T IE Ak s B 48, 2
A e W R 2 R R A W R R R e
W AUFE Z e (MEA) ) 2 Bz (DEA) ' %2k
W SR FR A WSO R R 25 R A, B AE T
A REAE = A B TR ) 7 % K s i T

W B PRELAT REAFE AR A5 1T B0 IR BR300 P 47 21
it FH A AT R e A AT S AR Z — W
FEARPIAZ O AL ) R B 25 o I B e Bk B
TEPE W R B 2 B LA R e e LR R Y O g
P, EPRIMIFFE N B B2 TF & 45 20 g g B
0T AR B A . UL W B R A 4
WS AT A A LS (MOFs )
G2l R B E, Z LA BRI B 1) 3 258 i

VEZ BN D EE(1991-) , 4o W, TR BF5T 7 17 S W B £ , 20121847 @ ceic.com; $R 4 (1982-) , 53 1l G TRV , R 5% J7 1) SRy ke
e IR R A, dong. xu@ chnenergy.com.cn; XTHHZ (1982-) , %, -+, #0852, WFFE J7 16] J W BB A, 38 TR 2 A, liuly @ smm. neu.

edu.cn,



124 - LA AL T

Wy BRI BB 77 SR AR CO, 2T, R, T
W B FH T 8RR, 7 A VR R 25 I 2 R e 3 P 2% |
TKFETE A M BT 25 [P, 7 KRS CO, 4R R FH v
RIS N0 T AR

] A P R O 0 Rl e 35 T 5 | A Z2F L B A e
o B BRI CO, I B R R Y T R
BT W PR R Nk 2 W B AR A By e L
W — AR B 0 22— e R JLAR 2 3] T
T OREAESE . AT, WEIE N B TR 2 R E
R, A8 A RE W &R A L
ZE(MOFs) ™ 36 M Hoh & A Pl 4R
(MOFs) f&—Fh i 4 J& 25 7 1A HLEC AL B 1 2 4L
REW, BA = LR S50 22 RE R R = 1 25 b
FESE A FERBAR AR U LA B R R

A7 DR IR B 48 ( ZIF -8 ) & — Fh ML () MOFs
FARE, P4 JE AR B 1 R 2 — Y Ik s e A 4 1
HLA e R mAURFLAAR R, 02 B BTG 2 1) MOF
Mz 17 ZIF-8 B UHA R FLEBR 25 R A
FaE Ak 2 o, (0 — A A e W 25 B IR,
THER ZIF -8 1 A A e W B 1 e AN AE SIS BR Tl
BcAH £ HP R 7 FH Y 7, 20T 5 3 3k 0 BV 3% A 9
A3 K DU 20 B (TEPA) (3R L& W f% (PED) | —
ZTERE(DEA) 3T ZIF-8 |, U HAE o, W
Bt 7 T P 6B, I S PR A 0 AR (RIS 57

1 SKEEERSy

1.1 SEIERKF

ANAKE R BE [ Zn (NO, ), - 6H,0, /3 Hrafi ],
2 HIBEEK I (2-MIm ,98% ) [ 2548 A Ak 27 FR A ) 5
L (CH,CH,OH, 4r#r4li) , W i ( CH,OH,, 434 4li)
REEE TG T A BRA R U 206 T (TEPA,
95%) g ok A AL BHE e A BR A W 3R 2 W
W (PEL,98% ) LBl T A= AL B 52 e 4y A7 BR 2%
Al ; LR (DEA 43074l ) K e 244k 253850 A
FRAH]

1.2 ZIF-8 By%l#&

FRA SE R AR SCHik [ 18], ZIF -8 A& 7 vk
R IRBEFEE, ¥ 0.7 ¢ NKEMMREE Zn
(NO,),-6H,0 ] H10. 81 g 2—HI FEBKME (2—MIm ) 43 1]
JIA 25 mL B H B 5050 B I O W, SR 5 DL g2
EH Iy N A R B VRS2 A 2 — P e I e
T PR PSR A 5~T7 h, BRI
RO, I BRI B T 2 R R 15 2
IO TLTED) , SR 5 K HL B T 75°C A BLAR 108, B

F46 BH I H

AlfRE] ZIF-8 724,
1.3 RREtE ZIF-8

VAT SOME Z 1, B ZIF -8 BT IS HLA b
150°C itk WIS R BRI K4y, M 20 mL &
T, AR TR 15 mL Jo/K 2B, FREUIT 75 1Y
A R R i s 7o iR & TR U 1
AW, FREUE 15 1L J5 17 ZIF -8 Jin A 35 A e %5
W AR N B BB 5~6 ho SRJEHEAE A
JHRCA T PRV H 2 e 2o 4 1 R BSE, T 70°C B9 3 B8
ANBAPAE AT TR, TS BOAE S A T H
BEal QR K, UL AR RN Z R, b5
LA 70°C 1) I FE N L 23 AR b AT T 1k
7% DEA \PEI  TEPA {9 ZIF-8 £ 543 5lic ky ZIF-
8-DEA(X) ZIF-8-PEI(X) ZIF-8-TEPA (X) , H:
X AR B S N S 3 Ak ZIF-8 i
BN %
1.4 HERIESRHEETEMR

FE i B PR AL 25 Pk T i — R B RAE H AR AT
RY oM. LR S AL 53 B ok FH 22 56 ASPA
2046 W HGHAT /AT, FESEAT BT ET, FE AL E TR
255 TR ARG TE 77 K S0 T IRRE i A
LB - AR R £ . R A BET Jy f oA
A5 FLBR TR DFT RS RIS 1 o Sk 45
Fy 3 Arid 1 i He XRD-7000 X 5 28 A7 54 2R 47 )
FE R 5~50°, e T AR BaE it
GHEAE Cary 660 fH B 21 4h 6 3% A G, 47 %
Tk, TEFEATIN R Z A, FF S IR AL ER & E47 H R
AER SETER WKL RN 1 500~4 000 em™ , F1H
WHCH 32 IR, TESRRHIER HPEER K Apreo 2C 4
S T OB AT DU R A BT AR, R A Y
CO, W B P BE 16 42 55 ASAP 2460 W% FHAY - 4T 3T
M IR ET, FRELZ 0. 2 o BEM I T B A I #g 1 LA
FBRI BT TR R A TR R B R RS AT
CO, WM, &K co, MR e q , WER ik
TEAGALIR , DL ORAE S IR E TR IR

B B A A LB N, , CO,/N, 535
PEXT ekt ZIF-8 1 HAT FZ 5 ma VR, A 00F
8T AR VPR AR R X LA T 434, B A ]
B FE 3 W BRI R LE R €O, /N, A3
K (D) PR,

S = (%00, Yeo,)/ (%y,/ 1) (1)

Hrir,S o CO/N, 5F B IERELL s, Bl 2y 535K
CO, I N, (W B it mmol/ g5y, il vy, 435I/ CO,
N, BSR4, % o



2026 F£9 B

2 ZWERSHMH

2.1 SHRES
2. 1.1 N, RH-BLK 58w &R IR A%

ZIF-8 kN Z1F-8 N, W ¥ — M B 45 ek ith £& 14
FFLBRSECNE 1,38 1 Fis, ST ZIF-8 BA
1 060. 42 m*/g & Hb R M AUFT 0. 84 em’/g KALIE
L, R LR TE 0.8~ 1.8 nm Z ], £
iR NG WRE (PEL) A1DY 208 T % ( TEPA ) 3235 fi
5, ZIF-8 HL R A AL AR BL T I A R R,
17k 20% PEI [ ZIF-8 b3 B LA 5 T
K% % 831.,0. 60 ecm’/g, 1%k 50% TEPA [ ZIF-8 Lt
FEAVRFLIATL 5 F R 2 587 m*/g F10.38 em’/g,
X2 K %5 PEL Fll TEPA 43 T35 %E T ZIF-8 1Y
fLIEI A S AE ZIF-8 M L, S8 R m AU
LA MBLT B, DEA T3R5 ZIF-8 FE 5 (1 LR T
FURIALA A B b F, X A e 2 2253 DEA et e,
ZIF—8 Ff i rh— 26 A SE Y LB BT T, S8 &
T BRI FL ARG >

N W
wn O

[=]

e

IS

_ =N
@

RA L HE /(mmol < g™)
(=]

(=

0 20 40 60 80 100
4%} JE 1/ kPa
(a) Ny M2 JFF — 56 BFF 45 3 il £

g
%

dV/dWHLER/ (cm?+ g~! - nm™")
o o = =
in

0.8 1.0 1.2 14 1.6 1.8 2.0 22 24
fLJE/nm

(b)fLRSr 2
1—ZIF-8-DEA(30) ;2—ZIF-8;3—ZIF-8-PEI(20) ;
4—7ZIF-8-TEPA(50)

Bl 1 ZIF-8 K g 3% ZIF-8 N, R [ — Bt It 45 38

B & R ILAE AT i &
F1 ZIF-8 REGE ZIF-8 LIS
R Sper/ (m?+g™") Viore” ( em®+g7) e/ mm
ZIF-8 1060. 42 0.84 3.16
ZIF-8-DEA(30) 1267. 30 0.90 2.84
ZIF-8-PEI(20) 831.52 0. 60 2.87
ZIF-8-TEPA(50) 587.83 0.38 2.57

DI IR ZIF-8 FlERE CO, IRMIIEREHR - 125 -

2.1.2 X HZEATH(XRD)

ZIF-8 % 3 Rt 4% ZIF-8 SR XRD K%
mE 2 frn, MWE 2 halLIE H, ZIF-8 78 20 -
7.3.12.7 18°3 /M B R I W AR AR I | X 5
ZHTSCHR P RIE 1Y ZIF-8 R XRD &3 47 AE A —
2 RIS ZIF-8 [ XRD FRAF A 4G
ZIF-8 FEA L FF—2L, VUM B (TEPA) FIR &
5 e (PEL) 0380 ZIF -8 #E 5 5 R bR ZIF -8 4
Lb, RPAF WGB3 AT T IS I | 3k 2 e 67 4002 45 W 57 v
ZIF -8 (KA & R AR L B 8 LA Zn {3 5 22 ] 4
HAEH s ™ LR as LRI, SR A
ZIF-8 HLAT R 2 B, MBS UER T ZIF-8
TEB I MV T P PR RS R 1 AR AR 2548, LA 1Y

R B /a.u

5 10 15 20 25 30 35 40 45 50
20/(°)

1—ZIF-8-TEPA(50) ;2—ZIF-8-PEI( 20) ;
3—ZIF-8-DEA(30) ;4—ZIF-8

W2 ZIF-8 K 7 # Z1IF-8 XRD A

2.1.3 AHZetLrshkig(FT-IR)
B3 R T 3 gt ZIF-8 §i 5 4 Bk 21
ANEIEE . INEHRTLLE H el PR S ZIF-8 1
I AN G FRARAR R, 7E 2 927 em™ F13 130 cm™
AL BT B R 06 | X TR | C—H B A 4
Pesh'™>' WA Bt IR 1Y ZIF-8 7 1 666 cm ™' H
LT —AbHTRRAE I SR UR A HL B N—H B 4
Peah> UL A R A ZIF-8 AR E
! T

EHE

4000 3500 3000 2500 2000 1500
/em™

1—ZIF-8-TEPA(50) ;2—ZIF-8-PEI(20) ;
3—ZIF-8-DEA(30) ;4—ZIF-8

W3 ZIF-8 K% i # ZIF-8 FT-1R A&

2.1.4 FAFHE(SEM)
ZIF-8 L)L K et 2% ZIF -8 $38 e s % tn 1) 4



- 126 - A AL T

Fiis . MIEHAT LB W ZIF -8 Ok IE 25 3% b H. 4>
M5, BRI ZEY + RS54, BLEH A pii A
ZIF-8 fbiRA: i B4 H AR i, 5= T
FERRR I, A2 E 1Y ZIF -8 R SE A 4% T 5 A
TS AR A DU et | 0k, 2% 18 T 48 T HAKG
PERINE , W BT 0 ) ME R A R R B4

L

: T, B
(¢) ZIF-8-PEI(20) (d) ZIF-8-TEPA(50)

W4 ZIF-8 K&t # Z1F-8 A% i 45

2.2 CO, WHiEaEs T
2.2.1 CO, B MM
hTIRFE RS ZIF-8 1Y CO, W Bt g s

1k, R 3 R [A A9l (TEPA  PEI,DEA) X ZIF -8
AT ER T, IRAE 25°C IR Be i i PE 5 Z1F -
8 FEALAY CO, W B AR IR LR, 4 S an &l 5 i, M 3
T ek Pk Z1F -8 1 W B 25 U 2k P LA MR Bl A
(1) CO, W B 25 £ Y Bt 5 W B Hs g %) 6 o i 38 o,
X PR Bt A W B 7 938 N, €O, 43 F 1 F- 3 3
R ASWTIE I, I A AT CO, 437 W B AR
(2T AL TR 8, 5 T CO, 3 FE B 57 vh
W A A7 A A R e AT R 3 i
ZIF-8 FE ST LR G ZIF-8 RESL Y CO, W a4
$ETt, Forh TEPA 2t A & ZIF-8-TEPA (50) T
B 4R T 8RB A, M 156 mmol/g; PET 2 1)
ZIF-8-PEI(20) & 1.28 mmol/g; DEA B 1Y ZIF -
8-DEA(30) 4 0.92 mmol/g, 3 FhEHC ) ZIF-8
R AR ZIF - 8 W Fff & 0.79 mmol/g 2r HIRTF T
97% . 62% 1 16% ., & 75 T 1 # Me J5, 18 W&
(—NH,) e (—NH) #7513 T 84k Z1F-8 v 1
Iy co, AR, 5 CO, HEflIT A7 R
BE[E0(2) . (3) 17, WTfi#EF T CO, Wb,

2R,NH, + CO, == RNH; + RNHCOO"~ (2)

2R,NH + CO, = R,NH; + R,NCOO~ (3)

F4605BF0H

4060 80 100 120
% Bt K 3/ kPa
1—ZIF-8-DEA(30) ;2—ZIF-8-DEA(20) ;
3—ZIF-8-DEA( 10) ;4—ZIF-8-DEA (40) ;5—ZIF-8
(a) ZIF-8 Fll DEA i3 ZIF-8 CO, WM& iR ih<k

0 20

1.4
=~12f
o0

- 1.0f
g

£os
<06t

20 60 80 100 120
% B FE 1/ kPa
1—7ZIF-8-PEI(20) ;2—ZIF-8-PEI(30) ;
3—ZIF-8-PEI(10) ;4—ZIF-8
(b) ZIF-8 F0 PEI 1148, ZIF-8 CO, W Ff<5: i th £k

0 20

1.6F
=14t
Pt
210
Eosr
i 0.6 « ,+"
£ 0414 /’v
ool
0.0F ) ) ) ) ) )
0 20 40 60 80 100 120
% Bt IE 3/ kPa
1—ZIF-8-TEPA(50) ;2—ZIF-8-TEPA(40) ;
3—ZIF-8-TEPA(60) ;4—ZIF-8-TEPA(30) ;
5—ZIF-8-TEPA(20) ;6—ZIF-8-TEPA(10) ;7—ZIF-8

() ZIF-8 Fl TEPA 1%} ZIF-8 CO, W Fh45iR <k

B 5 ZIF-8 Fu i 1 # ZIF-8 CO, R [ 4538 t 4
(25°C,0~113 kPa)

2.2.2 CO,/N, > &k

i 6 frR 78 ZIF-8 K 3 Fliie 2k Z1F -8 £
iR R R ZIF -8 B CO,/N, 43 B 3k £ L |k N
8.7, FfidF 3 Rl 748, MUk JS ZIF-8 19 CO,/N,
Ay IERE BTG, X PR ELG — T 2 R T R
G 1S Z1IF-8 AL B AN FL AR /N, 97 1R A7 4
K, FEON, WML, 55— 2 Co, W&
B, T2 3 T CO,/N, R #E b, 2T AT
ZIF-8 RS X €O, LA e N, W B % 4, 15315
CO,/N, W fEHE L PERE NI 6 B . NI T T,
ZIF-8 - TEPA (50) () CO,/N, W& Fff & £ kb f f M
25.5,ZIF-8-PEI(20) 11 ZIF-8-DEA (30) 435l N



2026 9 B

18.9.9.7, 43 & bk ZIF -8 1 2.93.2.17 1. 11
. 5 LR, ZIF-8-TEPA (50) H A R CO,/
N, S B HE A7, DR S B b B 45 07 FH v B 3%
pNGOR AN

%(2) 25.5 22
OF 12
2.81 124
2.61 |
w24t 122
s 20l 18.9 120
g2.0r }-%gﬂ
1.8F |
:E,%g_ 1.56 1_144@
i 12} —_— 9.7 s ‘:%(2)<lq
& 1ol s 8.7 0.92 i
0.8 g |
g().6- ;'g
0.41 ]
0.2} 12
0.0 0

ZIF-8 ZIF-8-DEA(30) ZIF-8-PEI(20) ZIF—8—TEPA(50)
K6 ZIF-8 fafii i # ZIF-8 #y CO,/N, H [t
WD HH(25C)

2.2.3 BEXRWHH

Ji b ZIF-8 Fl TEPA Btk ZIF-8 1 CO, WK B
B B AR RSN & 7 PR . IR SRR T LLR
M Bt G BRFIEL R ) T e, o A R R 34 L BT
B X T B Bk AR — ARG R T
R BRI JE 1 T v AN ) TR OO R 7 A T B R
JBCT A T B B S AR A ST, 53— T B
W R B T, A A AR i B B o,
AR T 5 WA T = 18] B A5 G U,
25T AR A 7 % 2 Y RE SR
MR RS0 R 7 A5 7= A P A 12

0.8
T 1
w0
- 06 5
£
£ 04t 3
i
£ 02
X

0.0t

0 20 40 60 80 100 120
2 B 1K 1/ kPa

(a)ZIF-8

0 20 40 60 80 100 120
% Bt FE J1/kPa

(b)ZIF-8-TEPA(50)
1—25%C ;2—35°C ;3—45°C
/|7 ZIF-8 #1 ZIF-8-TEPA(50) 7 25 35 45C T
CO, M4 i o %

DI IR ZIF-8 FlERE CO, IRMIIEREHR - 127 -

2.2.4 AR ATEM A

HRAEE 8 AR TEPA £ 28 1 XTI B 77 CO, W Bff
PSR A B TEPA 67808 i3 fin , W f 55
) CO, W B 75 it 22 IS s /N fa 5, B
TEPA fi#k i M 10% 38 0 £ 50% , W K551 1 co, W
R BB T A, 24 TEPA (A2 i3k 5] 509% A5, 08 B
FIAY CO, MW B 75 53k B fe S E 1. 56 mmol/g, /2 5t
TR B0 R e 2 B B 1. 97 4%, TEPA 7 45 31 0% Ff
A, 51 1AL 2 3k A P e (—NH) | A &
(—NH,) M=kt o+ & A A28 B v A il 2 ik
FRER" > W BRIk A By EL A B4 9 ER G ot AR A
e 34 pu S e e A R 33 )
RE A BRI = . AR, XY TEPA 1Y 17 2 i i
5095, W 700 7 A0 Ab Btk 2 6 i T F A 1 B B
REF PR AR LG 1 SRR & TEPA 433k i HE Y
TEWZ B 00 22 10T, B B 5R) FL IR A 2, st ol 1 =
AR I TGS B, 1 T A W BRI Y L
B X — B 5 2 i SCHRARE T A

1.6F 1.56
142_FY

~ 14}
w12
“g 1.0t
Eosfo
12 0.6}
£ 04}
ool
0.0-
&

1.38

S &

\ \V \2 A \°
& & & S
3 & S & %

K8 f [ TEPA i 8 & T4 & CO, %[
KE(25C)

S © © &

2.2.5 VAR WAL

PSR Tl A A2 I FH b, IR A AN 75 22 5L
AR W B2 A I T HA RS BRI R
T IR ZIF-8-TEPA ( 50 ) 1/ ¥ W% 14 i, 78 25°C
W AR S5 T, R 22 50 W B AR ZIF -8 -TEPA
(50) #4710 W S AL BRAE FR UL BRI (1 9) o #E

00123 4 56 7 8 910

TRFRVH
B9 ZIF-8-TEPA(50) t CO, & ¥ %
P2 (25°C)




- 128 - A AL T

BRI B3 58 BT, XA AT 110°C B2
TSR, 255 B, 20t 10 R A ARG 2R
Bt — R B, 2 W 551 ZIF-8-TEPA (50) 19 CO,
W RFF 2% A BT R B, AL 1.56 mmol/g B & 1.29
mmol/ g, W45 & PR A HH 82. 7% , 45 R W] ZIF -
8—TEPA (50) ELA R U (716 P4 W BiF A2 PE RIS R T
NAA5ELilip=e

3 it

AW WO R AE T H T AR & 1Y
Jeeh e Z1F -8 W R R4 RE, 38 Ak AR G 4 i ) b 2
B JE IR T L (DEA) (3R 40 W
(PEID) MU 2.4 Tl (TEPA) X} ZIF -8 4 RF 451k
H CO, W B RE Ry SZ M, 38 3 25 G AR -5 W2 B DU
R, FERAL TR,

(1) PERHEE R I U - el o i 4% T ZIF -
8 MUFLEEERME . TEPA 5 PEI B9 fi#k M 4y F R +F
R, G T ZIF-8 (1) RARFLIE , T E8OM R} H R T
FUSFLA B3 T W i DEA 2 F B R F 8/, Hofh
O FLIE S A IR A el A Rk I L TR
LA BN T

(2) W B i dnb 25 B2 T . e D Re Ak A R 5 T
ZIF-8 1) CO, Wi 5 CO,/N, WeFff etk JL
wh RSN 50% 1 TEPA 2 #1 k][ ZIF-8-TEPA
(50) ] FBAR, 76 25°C (113 kPa 514, H: CO,
W R 25 35 %) 1,56 mmol/g, N JFLAA ZIF-8 fY 1. 97
5, CO,/N, W B IR T 28 25. 5,

(3) W R e 2 1) AR ) 2 e Pk 5 10 PR AR A« BT
A PR CO, W BR 25 F 257 I8 W2 86k B2 T v 1T B
2 B B 2k R A7 A B B T S R Hb, ZIF -8 -
TEPA (50) EBLH L 5 0GR A MR BB, 2848 10 IR
HESE W - B REAE FR IR S, H cO, W B 25 A
TREFRILRTE Y 82% L) b iE I T H B 4F i 25 o fsE
P 55 BRI T

S 30k

[ 1] Karandagaspitiya C, Matuszek K, Webley P, et al.Incorporation of
azolate-based ionic liquids into MCM-41 silica for direct air capture
of CO,[J].Chemical Engineering Journal ,2026,534.174849.

(2] #dh, SFr, LB, . B A T CCUS HiAR & AR 1
XL I BT PR ,2022,44(1) 4247,

[3] kb, 2200, B7v, 45 B M Bl 4 A 5 B2 8RR RIS
[J]. P CARRLE ,2021,23(6) :70-80.

[4] Akeeb O,Wang L,Xie W, et al.Post-combustion CO, capture via a
variety of temperature ranges and material adsorption process: A

review [ J ]. Journal of Environmental Management, 2022, 313.

46 BF9

115026.

[5] Cui G,Wang J,Zhang S. Active chemisorption sites in functional-
ized ionic liquids for carbon capture[ J ].Chemical Society Reviews,
2016,45(15) :4307-4339.

[6] Singh G,Lee J,Karakoti A, et al.Emerging trends in porous materi-
als for CO, capture and conversion[ J ].Chemical Society Reviews,
2020,49(13) :4360-4404.

[7] Olajire A A.CO, capture and separation technologies for end-of-
pipe applications-A review|[ J |.Energy,2010,35(6) ;2610-2628.

[8] Balou S,Babak S E, Priye A.Synergistic effect of nitrogen doping
and ultra-microporosity on the performance of biomass and microal-
gae-derived activated carbons for CO, capture [ J]. ACS Applied
Materials & Interfaces,2020,12(38) :42711-42722.

[9] Luzzi E,Aprea P,de Luna M, et al. Mechanically coherent zeolite
13X/ chitosan aerogel beads for effective CO, capture[ J].ACS Ap-
plied Materials & Interfaces,2021,13(17) :20728-20734.

[10] Madden D G, Scott H S, Kumar A, et al. Flue-gas and direct-air
capture of CO, by porous metal-organic materials[ J].Philosophical
Transactions of the Royal Society A: Mathematical, Physical and
Engineering Sciences,2017,375(2084) :20160025.

[11] Sun J,Zhao M,Huang L,et al.Recent progress on direct air capture
of carbon dioxide [ J]. Current Opinion in Green and Sustainable
Chemistry,2023,40,100752.

[12] Chen C,Xu H,Jiang Q,et al.Rational design of silicas with meso-
macroporosity as supports for high-performance solid amine CO, ad-
sorbents[ J].Energy,2021,214:119093.

[13] Chen Z,Deng S, Wei H, et al.Polyethylenimine-impregnated resin
for high CO, adsorption: An efficient adsorbent for CO, capture
from simulated flue gas and ambient air[ J].ACS Applied Materials
& Interfaces,2013,5(15) :6937-6945.

Sharifzadeh Z, Morsali A.Amine-functionalized metal-organic frame-

[14

—

works : From synthetic design to scrutiny in application[ J].Coordi-
nation Chemistry Reviews,2022,459.214445.

[15] Shi X, Xiao H, Azarabadi H et al.Sorbents for the direct capture of
CO, from ambient air[ J]. Angewandte Chemie International Edi-
tion,2020,59( 18) :6984~-7006.

[16] Liu H, Guo P, Regueira T, et al. Irreversible change of the pore
structure of ZIF-8 in carbon dioxide capture with water coexistence
[J].The Journal of Physical Chemistry C,2016,120(24) :13287-
13294.

[17] Zhang Y,Tong Y, Li X,et al.Pebax mixed-matrix membrane with
highly dispersed ZIF-8@ CNTs to enhance CO,/N, separation[ J].
ACS Omega,2021,6(29) :18566—18575.

[18] Zhao X,Hu X,Hu G,et al.Enhancement of CO, adsorption and a-
mine efficiency of titania modified by moderate loading of diethyle-
netriamine [ J ]. Journal of Materials Chemistry A,2013,1(20):
6208-6215.

[19] Zhang Z,Xian S,Xia Q,et al.Enhancement of CO, adsorption and
CO,/N, selectivity on ZIF-8 via postsynthetic modification [ ] ].
AIChE Journal ,2013,59(6) :2195-2206.

[20] Mohamedali M, Ibrahim H, Henni A.Incorporation of acetate-based
ionic liquids into a zeolitic imidazolate framework (ZIF-8) as effi-
cient sorbents for carbon dioxide capture[ J].Chemical Engineering
Journal ,2018,334.817-828.

(T#% 134 1)



- 134 - A, 44 L FiEFEOH
A moted by a highly efficacious and selective catalyst ZnO-ZnCr, 0,
3 g:lgl: TE [ J].Molecular Catalysis,2020,480:110643.

A FAR Bl R R S AP R T H L

J S A PDO 4 4 Ak 588 1 5 s R0 7= it 43 25 4l Ak
% /E,Fuuj UF nlb

(1) 7E4 & B0 18. 2% 1 Cu/Si0, fEALH] 5]
NI B BSR4 )R Cu M EOE R fL 7]
R M, T HAR AL DEG B &3k I 1 PDO 7=
Yt gt b B IEE S RN 1. 5%,

(2) VA 1,4-Z%0SH R, 16 DEG ¥ IRk
A1 mol/L R EE N 250C & 1E T, 408 8 h Jx
N, CuB/SiO, f#4k DEG i & 5 W 1) % 46 2 Fi1 PDO
PERENE T 43 H5 F 96. 5% F1 93. 6% .,

(3) DEG AL S IR b 1 7= 4 25 8] B 2088 0 5
S N B 2245 Al 2l J5 | BB AR5 99. 9% 4l 11
PDO =i,

S 3k

[1] Yang K K,Wang X L, Wang Y Z.Poly (p-dioxanone) and its co-
polymers[ J ].Journal of Macromolecular Science Part C—Polymer
Reviews,2002,42(3) :373-398.

BEUHESE , R SREOIN. R0 P B A B
B2 9T 5 W ,2018,30( 11) : 1751-1756.
[3] Zhang W, Tian G Q,Wu G,et al.Ultrafast and selective recycling of

[2

[h

BT RERELT ]

poly ( p-dioxanone ) to monomers by using Brinsted-Lewis acidic i-
onic liquids as solvents/catalysts [ J ]. Green Chemistry, 2023, 25
(14) :5517-5525.

BB, T F R —FioEr B TR R 04 A W R e v 43 1 R R
PPDOLJ]. kA ,2011,30(8) :25-34.

[5] WIMS %, Sk Se i, % BR A6 % — S0 BF O RS i T 25 F 9t e

J1.BE T, 2025,45(S1) . 75-79.
[6] Cai M L,Wang X Z,Chen Y Q,et al.Oxidative lactonization of di-

ethylene glycol to high-value-added product 1,4-dioxan-2-one pro-

—
~
i

(L% 128 )

[21] Mu C,Ren J,Chen H,et al.Graphitic carbon nitride/zeolitic imid-
azolate framework-8 nanoparticles with antibacterial properties for
textile coating[ J]. ACS Applied Nano Materials, 2021,4 (10) :
10634-10644.

[22] Lin K'Y A,Chang H A.Efficient adsorptive removal of humic acid
from water using zeolitic imidazole framework-8 (ZIF-8) [J].Wa-
ter, Air & Soil Pollution,2015,226(2) :10.

[23] Liu Q, Jiang J, Zhang F,et al.CO, fixation mechanism of kaolin
treated with organic amines at varied temperatures and pressure
[J].Applied Clay Science,2022,228:106638.

[24] Xie H B,Zhou Y,Zhang Y ,et al.Reaction mechanism of monoetha-
nolamine with CO, in aqueous solution from molecular modeling
[J].The Journal of Physical Chemistry A,2010,114(43) .11844—
11852.

[25] Wang Y,Song L.,Ma K, et al. An integrated absorption-mineraliza-
tion process for CO, capture and sequestration: Reaction mecha-

nism , recycling stability ,and energy evaluation[ J].ACS Sustainable

[7] Xin RJ,Li Z Z,Zhang H Y , et al.Revealing the synergism of active
and durable PtAu/TiO, catalysts in aqueous oxidation of diethylene
glycol to para-dioxanone [ J ]. Industrial & Engineering Chemistry
Research,2025,64(14) .7325-7336.

[8] Forschner T C.Process for preparing para-dioxanones: US 5310945
[P].1994-05-10.

(9] EE&,JEPE A S, A5 —Fh M T 2 X — 5080 W i ik
#1]: CN 200510021203.X[ P ].2007-07-11.

[10] Guo K,Wang W M, Ye Y C,et al.Dehydrogenation of diethylene
glycol to para-dioxanone over Cu/SiO, catalyst: Effect of structural
and surface properties| J].Catalysts,2024,1420.

[ 117 BRARUE o] N5, Fh A il 2 X — 5030 C 1 1) 1 A5 B il
X TR C R 7R : CN 202011496745.3[ P1.2021-03-12.

[12] Fhrbde, S XIZ4E 25 AL Bk Cu/Sio, AL AL — H s
Jhi S AR ST 1] B T, 2022,42(9) : 175~
180.

[13] TR, ANKEAC, BRIELT, 46 Cu/Si0, HEAL = H B i 4 X — 4
WO J]. AL, 2025,45(10) : 176-180.

[14] Zhao Y J,Li S M,Wang Y ,et al.Efficient tuning of surface copper
species of Cu/Si0, catalyst for hydrogenation of dimethyl oxalate to
ethylene glycol[ J].Chemical Engineering Journal ,2017,313,759-
768.

[15] He Z,Lin H Q,He P et al.Effect of boric oxide doping on the sta-
bility and activity of a Cu—Si0, catalyst for vapor-phase hydrogena-
tion of dimethyl oxalate to ethylene glycol[ J].Journal of Catalysis,
2011,277(1) :54-63.

[16] Zhao S,Yue H R,Zhao Y J,et al.Chemoselective synthesis of etha-
nol via hydrogenation of dimethyl oxalate on Cu/SiO, : Enhanced
stability with boron dopant [ J ]. Journal of Catalysis, 2013, 297
142-150.

[17] Zhu S H,Gao X Q,Zhu Y L, et al.Promoting effect of boron oxide
on Cu/Si0, catalyst for glycerol hydrogenolysis to 1,2-propanediol
[J].Journal of Catalysis,2013,303.70-79.

[18] Emeis C A.Determination of integrated molar extinction coefficients
for infrared absorption bands of pyridine adsorbed on solid acid cat-

alysts[ J].Journal of Catalysis,1993,141(2) ;347-354.1

Chemistry & Engineering,2021,9(49) :16577-16587.

[26] Lin Y,Kong C,Zhang Q,et al.Metal-organic frameworks for carbon
dioxide capture and methane storage[ J ].Advanced Energy Materi-
als,2017,7(4) :1601296.

[27] Raganati F,Alfe M, Gargiulo Vet al.Isotherms and thermodynam-
ics of CO, adsorption on a novel carbon-magnetite composite sor-
bent[ J ]. Chemical Engineering Research and Design, 2018, 134
540-552.

[28] Chen Y H,Lu D L.Amine modification on kaolinites to enhance
CO, adsorption[ J ].Journal of Colloid and Interface Science,2014,
436.47-51.

[29] Gaikwad S,Kim Y, Gaikwad R et al.Enhanced CO, capture capac-
ity of amine-functionalized MOF-177 metal organic framework [ J].
Journal of Environmental Chemical Engineering,2021,9(4) :105523.

[30] Li Z,Chen H, Chen C,et al.High dispersion of polyethyleneimine
within mesoporous UiO-66s through pore size engineering for selec-
tive CO, capture [ J ]. Chemical Engineering Journal, 2019, 375
121962. 1



