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Research progress on solid acid catalysts for
enhanced CO, desorption from alkanolamine
solutions in the past five years
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Abstract: In recent years, the growing urgency for carbon capture has placed chemical absorption at the forefront of post-combustion CO,
capture technologies, valued for its high efficiency and process maturity. However, traditional amine-based methods face significant
challenges during rich solvent regeneration, including high energy demand, solvent degradation, and substantial operating costs, which limit
their scalability. To overcome these limitations, catalytic CO, desorption has emerged as an innovative approach. By incorporating solid acid
catalysts into the CO,-rich amine solvent regeneration process, this technique lowers the energy barrier for CO, release, enhances reaction

kinetics, and enables efficient solvent regeneration at low temperatures. As a result, it considerably cuts energy consumption and solvent
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loss. This paper systematically reviews the research on key catalyst materials in catalytic desorption technology over the past five years, with

a focus on the structure-activity relationships of different types of solid catalysts. It highlights the synergistic mechanisms of catalytically

active sites (such as Lewis acid, Brensted acid, and basic sites) in catalytic CO, desorption reactions and their influence on desorption

pathways. Furthermore, this paper analyzes the key scientific and technological challenges currently faced by this technology and provides

an outlook on its industrial application prospects in the field of low-cost carbon capture.

Key words: CO, capture; post-combustion capture; catalytic regeneration technology; solid acid catalysts; energy consumption reduction
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Fig. 1 Experimental setup for catalytic CO, desorption batch reactor (a), continuous reactor (b) and column reactor (c)!'*"
(with permission from Elsevier)
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Table 1 Catalytic CO, desorption performance of molecular sieve-based catalysts
Number Catalyst Temperature/C RED/% Increased desorption  Increased desorption Time/min  Ref
amount/% rate/%

1 ZSM-5 90 63.9 54.8 - 60 [21]
2 Fenske/ZSM-5 96 333 78.6 - 60 [22]
3 SO /ZrO,/HZSM-5-1/4 98 69.0 40.0 37.0 120 [23]
4 MnO,/HZSM-5 80 - - - 30 [24]
5 MnOOH/HZSM-5 - 68.2 - - 100 [25]
6 4.0-Nb/HZSM-5 90 63.5 50.0 61.0 60 [26]
7 7.85-Ni/HZSM-5 90 72.9 36.0 - 20 [27]
8 Ni/Ce/HZSM-5 90 64.2 55.8 - 18.3 [28]
9 15%A1-SAPO-34 88 43.6 - 78.4 18 [29]
10 Mn,5-SAPO 90 429 1333 31.0 14.3 [30]
11 HB 90 55.9 79.0 200.1 20.8 [31]
12 Ni/Hp 98 69.8 432 150.0 60 [32]
13 MCM-41/Fe-10 98 67.5 - - 90 [33]
14 MCM-41-SO;H-0.6 90 66.7 53.0 195 20 [34]
15 Cu/HZSM-5/MCM-41-2 90 61.3 63.2 - 30 [35]
16 KIT-6 96 66.5 - 150.3 480 [36]
17 CuO/KIT-6 100 66.6 49.0 50.3 20 [37]
18 Ni/Fe@KIT-6 93 58.8 - 58.1 26.7 [38]
19 SO /Zr0,/SBA-15(2/1) 975 73.5 - - 60 [39]
20 10Ni/SBA-15 86 80.1 24.7 12.0 90 [40]
21 HPW-SBA-15-SO;H-1 38 62.3 56.0 56.3 25 [41]
22 Fe-Zr@p-SBA-15 97 67.0 - - 60 [42]
23 CMK-3-Si0, 97 62.6 - 195.0 180 [43]
24 HZSM-5 90 50-55 - 1300—1500 37-41 [44]
5 v-ALOy/H-ZSM-5(2:1) 90 32.9 - - 60 [45]
26 SO /TiO,-HZSM-5(2/1) 98 78.3 15.4 - - [46]
27 Fe/0.8H,S0,-HZSM-5 98 79.5 12.8 - - [47]
28 HND-8 95 63.8 - 453 30 [48]

£ CO, M AEB AR MBI TR R T, 5 mol/L .2
B (5 M MEA) I W2 v FH B )iz il . |
i, OGO 58 2 £ T & ik S M MEA ¥ 1 i )
CO, ERERY 1k o Jiang 25 PR H 3D FT EN 7 A il
T HT ZSM-5 R R XA ) . 25 R0, L
ik Si/AL FL(25) , 550 C /BB AL H A5 25 18 18
1) ZSM-5 AL B fEAL BOR B b, 528 Bl (G
i AR TR ) AH L, A AR TR R CO, Al W AL R
54.8%, FHXT A BEAEFEAIK 36.1%, Wu PR T
— BRI Br Y 2 T A BE - R K BRCE BT R
ZSM-5 A5 7 2% B[R] Tl 35081 (Dixon, Fenske
IRTEA Y BUIORE) i 2R 1 (] 2(a)). PR LI, £
A RCEEE] SR 12 hy B R4S EE R 200 FiTG RLZE B
3 A AT, LA Fenske BEJ5EHI 45 1 17 2 ik,
FI OB BEFe £, 525 11 Fenske 25 UK AH HE, A

X A BERE AR 44.0%, fif W 2 5 78.6%. 18 it
5 1 A R B 388 T SECRL BT IR A U 2 B AT
T LR B, BRI T AR A i A, SO CO,
B AZ R BB A T R 25 s, 9 T AL R T

Xing %5 Phl i — 5 B TRk A T &5
SZ@H-x ff fk. 7 , H o, SZ@H Xt & SO; /ZrO,-
HZSM-5, x(1/2. 1/4, 1/8)1t 3% ZrO, 5 HZSM-5 1)
B th. 5% AKRAEME, SZ@H-1/4 k5] 2 3
R AR AR M BE, L RDKE CO, i IR 5 FN CO, i
T3 45 5 40.0% 1 37.0%, FXT FAE BEFE I
31.0%. WF5E & B, SO Fl ZrO, 51 A, 1ML
FMIE LT LT 45 58 71 5% (9 Zr-O-S-OH £/ £ o
M oA 1/4 B, Zr0, FE LA E M AALE, I
50 M o BUAE HZSM-S [ R ZfLIE H, &k
PR b 2 B 1 1 M6 A5 o



TEHAEE: T FAT [FIRR A FE RS AL BRI CO, FEARTIFGIENE / B4R (FIEXL), 2026, 54(5), 20250360 (5 of 28)

Step 1 Step 2 >
L}
DI !
1
. 1
.-') 1
ol HCl
NaAIlO2
' Acid Corrosion * ZSM-5
: @ 24h Seed Solution
TPA : ~~ Sandpaper
1 Ultrasonic
|
TEOS:s Sanding
Synthetic Gel Support Treatment
= =
Gelﬁ /\
———— Fixed Support
PTFE Lining Hydrothermal Reactor Oven
Hydrothermal Synthesis
(b) (c)
~ 407 Blank 800
o — Eg' 700
£ 30t ——2.5-Nb/HZ £ 600
= ——3.0-Nb/HZ £ 500
£ 20! ——4.0-Nb/HZ g =)
g ——5.0-Nb/HZ P —HZ
- % 300 ——2.5-Nb/HZ
2 10t ——3.0-Nb/HZ
g g 200 ———4.0-Nb/HZ
3 & 100 ~———5.0-Nb/HZ
[= .
0 10 20 30 40 50 60 0 30 40 50
Time (min) Time (min)

o~
(@)
\—

(f)

100 _ 1oof 100 Desorption time: 860s 4 100
—_ 100 3
X 1004 o £ 829 =
= S E g 80 £
2 z 80.9 - E
3 80 Z 80 138 R 13 H e g
] E T 682 697 | E 60 * sy 60 T
S 2 3 = o 418 48.6 g
= < 60 s o 4? ° =
.g 60 = O 40 40 E
= g 3 2
) 40 ]
= HE 20 &

40 &

20 T T T T T T
lany, M HZzsy, < M M M, 0 0
lank Mnogy,1Zsy s Mg Muzg MH3g !.\"‘“ Wf’\ “\Nm _gbvo 5}30 5?30 5;30
P W g g g
S e = 22 26 25 30

K2 SR EURHE L Y & iR (a)P2, Nb/HZ (b)—(e)P), MnOOH/HZSM-5()!, Mn,-SAPO(g)""3F

i SEHEATI L CO, fRITERE

Fig.2 Synthesis flowchart of supported packed-bed catalysts (a)???, and catalytic CO, desorption performance of molecular sieve-

based catalysts, Nb/HZ (b)—(e)**), MnOOH/HZSM-5 (£)**! and Mn,-SAPO (g)*”
(with permission from Elsevier and American Chemical Society)
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i 26.5%. WF7E F£ W, SO LI X5 E AKX
Ze A, TE R LR 0 KA A B R L, W3
HEoE T AL BT AE A R 0T . Min RS T R
R SBA-15(RS) FlI#H 45 4k SBA-15(WS), I i i
IR EE G NIO K 15 SBA-15 19 R P 47 A 1F
T4 e i AR AR PR g, o, & 10% NiO 11
WS i fb 5 £ B B A PERE . NIOI Bl A S
WS B Z [AE I T Si—O—Ni &, M He s T 41k
A PR M Bk, HOL A I8 M FLAR R F T 4% i
PERE. S5 M, 1 g 10N/WS #E4LFI 1K CO,
i W 8 B2 = 24.7%, FH X T AR B FE FE IR 19.9%.
Niu SR 5 & B i % A B T HPW-SBA-15-
SOH 1k 7], 4552 1, HPW-SBA-15-SO,H-1 fi#
T B B AR Ib vE e, 52 AR R AL, 7Dk
CO, fiff W 2 1 CO, fif W 5t 43 I $2 &5 56.3% HN
56.0%, FH X} P-4 BE #EKE K 37.7%. Huang % “Hff
8T — Mo B fL -G L 2 5 41 R B-SBA-15(BS)
R 1) Fe-Zr AL FIELL CO, M PERE. S25H
R Z ML, Fe-Zr@BS fi#: AL 57 T ff CO, fife W K 14
1= 212.0%, FHXF B AL R FERE AR 33.0%, WF5E KN,
ALY B BRA o5, . MBS R i Vi B 1, CO, fif
W R . P AR RRREARAIC

FERE LA FL A BHE 5T FE Al I, Bairq 4 il 8
BB ¥ A T CMK-3-Si0,. CMK-3-MCM-
41, CMK-3-SBA-15 = it 14 2 #H - L 4 1k 551 K¢
SO; /ZrO, [ &2 f# {5 . CMK-3-SiO, fi# {3 5
A, AT CO, MM H R4 5 195.0%, FHXT A fig
FEREAK 37.4%. BF5E R, CMK-3-Si0, Hfilk #1
5 ZEALREA FLIE B A SR A BEAE A, A ER A
{38 58 T AL TR B 25 R R M, I AR R 67 A Y
I3 A ST

B 20 F 0 A B 19 4540 5 1k g A = A, I A
WA S L5 oy A A 590 18] 1) P I 9 4,
AR T CO, ff W3R 1 OG5 . Ulus A5 MHEAL T
HZSM-5, FER 1 MOR = Fj gt P ¥l 41 X & CO, 1Y
W5 A IR K B %5 W (5 M MEA-1-C B2 1 4 M MEA-1-
T AL 3-H LR M 5 (1 M) -[bmim][Ac]-C % ) 154
PERERO S M . P, HZSM-5 AL PR fE i b, 5
75 FHE/K MEA FIES AR TR & MEA % 7K & AH

e, iR ORI B T 11.6%—17.2%, X H-2E fE
FE A 45.09%—50.0%., HZSM-5 H.H =458 W fLiE
F=E 5 o5 A B B ER A A5, PR 3 P[]/ T
B WK SV BE £ . Shi 25195 821 [ 1A B i Ak
F CaCO;, 5 [ A BR f## AL 7 (v-ALO;, HZSM-5 I H
RAY )X MEA+T 3 £ B2 (BEA)+2-4 F -2-H
B -1-N B2 (AMP) = % 57 4K & (0.1-0.5+2+2 mol/L)
(AL TERE . BFFT R BR, 24 =AW E R 0.3 MEA+
0.2 BEA+2 AMP, HAEALHI IR G MR AL (v-ALOy/
H-ZSM-5=2: 1) B AL AR i f:, 51548 5 M MEA
AR b, R 6 AR BB AERE AR T 67.1%. Song
SN S U I -5 S L A T — R BN [R] TiOy
HZSM-5 Jii & b (1/2, 1/1, 2/1) i) SO /TiO,-HZSM-
5HEALF (STH), I H FH T4k 30.0% N-H =
T fi (MDEA ) +5% Wk % (PZ) YR G Wi i W9 CO,
fRMZ R . 4 TiO,/HZSM-5 i [k 2/1 ), 1k
A fclf AL BE (STH(2/1)), 525 FIR R A1
Fb, AT ff CO, fiff W% o 32 5 15.4%, A0 XT P A BEFE %
% 21.7%. TEICIERS b, Z B E— R T AR
T R W B (0.4, 0.6, 0.8, 1.0 mol/L) ¥} HZSM-5 4
T AT AR AL B, IR T Fe,05. Cos0,. NiO
H1 ZnO PUMCA TR 42 & A by Er ekt . Horh, Fe/
0.8H,SO,-HZ J& 8 i ft 5+ i AL PE B, AT Co, fi#
W 4 R 12.8%, HHG PR BEFERFAIK 20.5%. Zhang
SEESE 1 EAL DU b AN [R] B L Y = S0 e 5 MEA
EAE+AMP (024242, 0.5+2+2. 0.3+1.5+2.5 fl 0.2+
1+3 mol/L) 5 Fo. F [ {4 i 1 £k 57 (y-ALOy/HZSM-5
H-beta. H-mordenite. HND-580 #il HND-8) ] 20 &
PERE, & 0.2+1+3 mol/L AR & i 7] 5 HND-8
ALK A AR e, S5 IR R M L, F
T fipt W SR ¥ 45.3%, AR A RERE IR AR 36.2%
AR, 2 Rh 52 0 B s 0 B 0T kR T ek
CO, i kM gE, M ZMER W T . (1) MEARUE 4
A, SRR BN A R ) BRI R, AR R R
AR5 B A AL /R R, MEA-MDEA ¥ 57 4 F-2F fig
FE AT BRI 30% 22471071, (2) 3 F 25 [B) {37 BH B an
AMP 11 52 e Bt i W SR 49 G AMP-PZP21 AMP-
BEAPYEE . (3) = J0 42 W I e W e 5%, 61 4n MEA-
PZ-AMPIRI MEA-—. Z, [ it (DEA)-PZPY, R4
AN TR) 52 T T i A R DR R s Tl o BEL | e % o 7
B RE 1 AN [F], T 350 IR] — T 7] 0 184 2550 S B A A 2
5, (A AEAE— Se e . 1, FETRE B AN
TR A B A 2 (AR B e -2 e 20 ) v At A6 A F 485 0
e B, A O ML AE T, A AR R 08 1 B 2 iF
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18 19 25 73 BA) i W 2ok AR, () IR A 1 23 1 ) S
TEeRE B 1o o JLUR, 52 PE W I AR 2 A T 1 G At
A3 B T B R R Y R B A, (A AL
CO, fift W it 2 5 5 18] 1% Ak AE IR B9 % 42 (40
HCO; 7 fiff ) #E4T o fe e, M AL 0 A 2 BE B ke T 44
J15 (L5 & iR 2R B | el a% ) 5 3l Jg 2 (AL 45
ALY | A ) Y B A], X R WA AL 50 5
FR R UE BB B R H
1.2 EEEUHRETEY

G A AL TR B 12 B T A e e
VAW AR R, 2 S AR L SR T R TR

BB S R A o E SN A AR R XA
S5 A S A A A FE R A T A AR, S
H CO, fl W N o BRI, 4 I8 48 Ak W 2 ] {4 i A
AT H A7 AR FLARAR L B2 T RN B R 1 437 6
A BR A B, 7E IR A PR IS PR S
ROEMEZ ., WL, dE— 51 & EtEfe . a4 8 H
T AL B I VP A 3 AR Y 4 TR AL S AL
FRHEE,

UEAE K, 4 08 kG W 2 AL R A CO, R I
PERERF ST £ B L 5 M MEA YA T CH BN R, #H %
RS T 3R 2,

N
4,

*2 SREUHMERLTIEL CO, BRIt
Table 2 Catalytic CO, desorption performance of metal oxide-based catalysts

Increased desorption

Increased desorption

Number Catalyst Temperature/C. RHD/% amount/% rate/% Time/min  Ref.
1 NiO,-500 78 48.0 - 221.0 60.0 [55]
2 Ni,Al,-LDO 88 54.0 46.5 89.0 24.0 [56]
3 Fey7Zr50, 90 56.4 78.0 - 180 [57]
4 Fe;0,-Ala-C 65 60.2 63.3 207.0 20.0 [58]
5 Zr/AlL,O4 38 73.0 36.7 178.0 49.5 [59]
6 C@Mn;0, 107 68.0 71.4 255.0 60.0 [60]
7 AlOOH 88 83.0 27.7 - 120 [61]
8 ZrO(OH), 99 48.0 - - 180.0 [62]
9 ZrO,H, 88 27.0 148.1 - 180.0 [63]
10 AIOOH/FeOOH 90 78.7 24.7 - 30.0 [64]
11 RuMn,_ OOH 80 56.5 98.2 - 60.0 [65]
12 NiSO,/NiO 88 46.0 385 360.0 60.0 [66]
13 SO¥ /ZrTiO, 90 70.9 42.6 99.0 200.0 [67]
14 V,0, 90 76.5 30.7 67.7 12.0 [68]
15 Mn,CoO,@Ti0,/SO> 98 56.0 103.0 111.0 30.0 [69]
16 SO*/TiO, 95 - 28.9 - 10.0 [70]
17 TiP,0, 91 87.0 14.2 41.5 40.0 [71]
18 SO*"/NF 95 493 70.2 264.0 37.0 [72]
19 a-Fe,04 94 58.4 72.8 ~200.0 90.0 [73]

20 SO> /210, 94 75.0 118.0 - 180.0 [74]

Li 25 PILATS PR B2 iy S5O I 380 2ok ] 42 B ak 21 1Y
Tkl A8 T NNIO 5 i 25 #4167 (NiO,-1, ¢ R 3%
JBEBE TR T ), I & B NI/NIO S J AL 1 1 48 25 o 7]
e = O i o Ao (1 - 7 N [ I N O
Ni {3 55 Jin 3 MEACOO H' C-N i K 24 . 45 &
W, NiO,-500 7 Jz i i BE ohy 78 C Bf R AL, 5
AR R AL, CO, ff W R 42 & T 221.0%, A XT
TR BEREIRAR T 52.0%. Zhang USSR F AL TE %
4% 7 NiAl-LDO, MnAI-LDO. CoAl-LDO % %] 2

R4 B E AL YRR, &5 R0, = Fh i Ak 7]
BIBE A RS CO, MY e M B o FL P, NiAl-
LDO iy 1k ¥ fiE i 1, CO, fix K fife W 3 < 412 T
89.0%, CO, fift W 114 1 46.5%, 1% 4= BE FE R
46.0%. Geng 55PNl & T & 4 FeZrO, fi {7, H
Hr, Fey,Zro;0, AL M BE fe f o 4 &1 3(a) FIT 7R,
90 °C I, Fey,Zry;0, B CO, fiff W i % hy 25 (1K &
19 10.5 1%, [A1 B CO, fif W 15 385 hn 78.0%, #H X Fi- A=
REFE R I 43.6%, X /& Kok FeZrO 5 J5t 45 5 1 1Y
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A—SO;H L[ . 7£ 65 °C B, ZAALFI 1) CO, fift W
BRI S HAETF 207%, W a3 N 63.3%, AHX F
HERRFEREIN T 39.8%, % fk. 77 32 1 —SO,H fig #&
Ht B FR AV &1, Fe;O, REFEAE L MR 17 A4, [FIHT R 471y
K G I 38 T O R A I

Zr-OH-Fe {f M 72 3 v {2 ifF i 7% %, {1115 MEAH"
LTS R BE L2 M 2.94 eV [ E 2.61 eV, IL4b,
ZAE AL Y Fe 47 45 7T LLHI 55 MEACOO 1 ()
N-C ##, fnth CO, iy fift W ok 72 . 401l 3(b) Fiw,
Alivand 25 P85 535 7K #4481 7K 20 §PE Fes0, 44
KA (Fe;0,-Ala-C), 3142 EDC-NHS A2 B k5]

[

(€ ) I pe——
£ 4 — blank
g — Feg \Zro 0, 180
&3 Fey, 424,70,
P—-; Fey 521 50,
; 2 Feg 421 30, 0
'% / ) Feg, 1 Zr4, 40,
’
g 1 \ 40
2l ——
0 30 60 90 120 150 180
Time(min)
AI(NO,);+P123 H ] Zr(OPr-n), +y-Al,0,

(c) a

Nt

1
pH=10, ~80°C 7T Nl . 4
A‘o o . £ 300 8128 7899
&0 1 & 01 [
© e . Y n-hexane, 26 °C $
v J 264.76
248.52

4

185.7  185.7 20

> Mesoporous Zr/Al,O5 . el
% O 21110227502, 7T
s g0y 7502 Y 7 Yo7 |7 BT

(f) 100% 103.6

100
S 80% 90
60% f
/ no cat 60
—V,05

~
a
~

no cat

-
£
£ ~
3 =
E )
E [ A —V,05 ,E
£ \ ’ g
g2 _/ \ TiO, g
% \ WO, S 40% - / :
S < —TiO.
o Zn0 3 2
g D 8 Loul WO, 30
lf ZnO
0 . A » . .
0 10 20 30 40 50 60 0% : . : . o
time (min) 0 020 time3(()min) 40 50 60 Nocatalyst V,0,  TiO, WO,  ZnO

3 FeZrO, #IMEILFHING CO, MM (a) " F FHE IR %7K 7 Fe,O, ZEAEILT A& Bt R (b) B AFL AR fi 177
Zr/ALO; A& R B () SO /ZrTiO, &5 BRER LI CO, fRM i | ALY FABERE ()7 V,05 %54 @ ALk 7Y
CO, AR (), CO, it AE () XS FHAE EFE (2)©
Fig. 3 (a) CO, desorption rate of FeZrO, series catalysts®”); (b) Synthesis process of water-dispersible Fe;0,-based catalysts using
amino acids®®; (c) Synthesis schematic of mesoporous solid acid catalyst Zr/Al,O;; (d) CO, desorption amount and relative heat duty
of solid acid catalysts such as SO /ZrTiO,"; (¢) CO, desorption rate!™, (f) CO, desorption amount™®! and
(g) relative heat duty®® of several metal oxide catalysts such as V,0;
(with permission from Elsevier and American Chemical Society)

B BREREE | BRILSE LS, HAb G Jm Ak W CO,e SRR B, HAEALR A i 0.1% i, CO,

TEAEAL CO, fift W S50 i R B A b R .
&l 3(c) if 7~ , Chen ™15 1 T Zr/ALO; 4~ FL & {4
R A AL ), %A AL AR 77.5 °C I 32 30 H AR S5 Y
CO, fi W M RE , i W R AR 28 2T T 178%.
SN 120 min Ji5, CO, i IR S it 52 &5 36.7%, #HXT FF
A BEFEFEAR 27.0% 8 Talk AR i, 248 AL 71
fdi CO, 4 3K 2% K 35 B 54.2%, 825 K R 42T+
12.5%. Xing 551l £ T %76 C@Mn,0, L 71 If:
B HH TEAL A 1.0x107* SO, i 5 M MEA 14 i i

e W S SRR 2% [ T 255.0%, W F2 3500 71.4%,
FE X P 2E BEFE AR 32.0%. T2 AL 3 09 B 4% RE AR
PR, Mn,0, 5¢ 2 1T 38 i Mn-S #4487 b 7
) MEA %5 55 1T #% F A4 A —SO;H (B R 45), R i}
AL Mo B4, T L R 07 8, PRIRME #E CO, fif
A akii iy Fe i i  SuN

FREA SR A LY R R Y R, B
A FE B RRYEANL S, v o BT 5 R 5 P R R
S MEACOO 43 fiff , oAt Ak fige W M e w8 T —
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Y 4R EAL Y . BRI R E b R H P A
FFE I 02— Jiang R FHIK $GE A 0L T 48K
2% AIOOH. 7E 88 °C T, 4 W i i i if AIOOH
Al CO, fift Wi R4 T 560.0%, [N 2 h B i) CO,
fiff Wz 3G N 27.7%, REFEFEAR 17.0%, Ji I
W, 7E 90 °C i ZrO(OH), nJ fi i Ak fif e i 7 )
T REFERRAIR 52.0%, HHAGIHRE M R . %
A7) 2 1 = 5 B 7R 5 e L R T AT AR 1 BN )
TE A Ak 57 3 1 W B, Jin 3 MEACOO 43 f# . Zhou
SEOIEIY & B, ZrOH, 40 KA 1k 770 22 B 0 8 1
fif W BE . FE 88 °C R, AL AT 7E 50 min P
W CO, % W 15 52 T 148.1%, I F5EAK 73.0% 14 AH XF
A RERE. RMEMFE R SR EEL 111 1
) 38 2o BT+ 2 4 U WA, S 30 U006 3R i Ak BL
il . Shi %54 £ T 2 41] AIDOH/FeOOH & & ik
FI(AF-M/N), 45 S ] AF-1/9 PERERAL .. 5251
R R A L, H CO, - Y5 fiff W o HE 58 157 23.4%, AHXT
LA BERERRAK 21.3%. AIOOH 1E K L 4 i 4k 4 3
H 2 £k 5 09 4k, K 1% 1k B AL 85.9 kJ/mol ¥ &
69.2 kJ/mol, Yang %W} 5% T RuMn, ,OOH f# 1k
FIE G I A F R X MEA & I8 A W M E 1Y 52 1) .
g5 3 W, A Ak R R AN S BRALON 7 AR SR T
T, T CO, fiff W i 38 i 98.2%, AH X - fiE #E %
15 43.5%.,

o Ak R0 Y R 1 M T[] A X 4R Ak CO, fiff W 1
e & HEAEH, ik 4R S iE it g A
SO; & A1 4% Jin & 1 R 1k 7 i (e HJ2 B R, i 4k
T R e Ty, oA AP T AL R BE . Tan
SR 1OSLR FH 7 B %) — 26 A WL i %5 T NiSOy/NiO i
A, AT CO, fiff W it BE B AIK 4.0-5.0 °C. NiSO,/
NiO 7E 88 °C B fifi CO, fiff I i 48 F+ 360.0%, &L fif
W% 35t 14 I 38.5%, #H X P A g #EFF AL 54.0%, H7E
18 YW WAL -fiff T2 A7 A0 52 36 5 A7 £ o R 0 e e
Geng 45 73 & ¥2 75t UL UE 15 il 45 T SO} /ZrTio, 1
k55 . an & 3(d) i s, SOT/ZrTio, W] fdi CO, fif
H I E 264.7 mmol, 525 HAK F& A F AR X B A RE
FEREA 29.1%. Zr 5 Ti B2 WU TG 2 45 #a fif
AT N L FEE, HRR A S B, A ok
CO, i e 3 % . Q& 3(e-g) i 7, Bhatti 55 A1y
MR R, V05 55 2 Fh 4 J& A AL B A B4 i i
T3Pk .

Zhong % hl T ILYTYE L | AR B | B

W =44 T Mn,CoO,@TiO,/SO L7 . 543
M & 2, Mn,CoO,@TiO,/SO> i 4k #I 7£ 98 C
I CO, Hie R W 3R 2 4 55 111.0%, AH T F-2E g
FEFRAR 44.0% . [AIE, TiO, 52 2 AT 4l % 2 20 70 1
e, B, 10 YR AE 6 5 56 05 ff W AT i TS Al
50.0%, H.AE 5 1.0x107* SO, M8 H 7] 2% it MEA i
B, 4EHF CO, 4.7 mmol/min 4 W 2R, Li 25070
LAY 10 Tl % 0 ik 1R Oy JURE, Bl 46 T 2L
A MR Y Ti-O-S A X 45 #4 119 SO /TiO,(ST-x)
P o 2 L0 TR 0 R 1) S5 R N B T R A
B R R 1, 30 3 Ao R A A B A R 67 A U
&Ko fEHFW, ST-500 1 £k 7 (4 11 £k 7% BE F 11,
£ 95 °C B CO, W 3T 28.9%, [FSO; 4h, P,OF
A ] DLk 3% 4 B A Ak W M AL BE o Chen 26171
il A Bk A Wi 1 £ (TiP,O,) HE £k 791 I I T M AL fi
We . SEREI, 525 KRR A, AT CO, ff
W o 2 T 41.5%, V-1 fif W i 3 0 14.2%, A X
A REREREAR 13.0%. FEff Wt FE b, 2 A Ak 77
1H] 1) PO AT VE hy Jot 444, [FI i TitRe i — 20 1
it MEACOO ™1 N JiL ¥, Jinit C-N #2420 5%
1.3 LY

Zoh 2% [T AR T b 7 e e 5 Rl e VAR Fie I
CO, MM E R ). mBMAFNLERLES
W WA S VELT . AR . &) T A R85 AT
DL B 4540 55 Ty R vl 8 A i 2, TR, ARk 2
Pz Rk S, MR ERILE TR, &
J A7 (Mont) 8 iR ih 5%, 4 J& 55 T35 ¥ e, LR 7 %%
JES AL R T ARG K, i A0 W B 5 76 R AR
B PEAS 2 B 25 P2 FF o Bhatti 55 77758 )5 38 O 52 il
54 8B 1A Hxt Mont gE 47 oo . 1% A B G
i H;PO,. HCI. HNO, iz 1k 15 %] H-Mont. NO;-Mont
H1 PO,-Mont, H:H1, PO,-Mont 4L kb 3¢ 1 £H B & 43
K, LR SR i [R5 T, AH X A BEFE AT
32.4%, HEHEIR G 1L B . 74, %A
BAIE 3 51 A Cr¥, Fe* A1 CO; X Mont HEAT B 132 #
il £ Cr-Mont, Fe-Mont il Co-Mont f# £ 7|, H i,
Fe-Mont {1 751 48 Ak BE 5 -, AR X 13-4 BEFE ] b
1% 40.0%. % A BA ik — 2538 53K Mont 5 H,SO, il
ZrOCl, ¥ W47 8 F 58 ¥, 3515 SO,-Mont 1 Zr-
Mont f#4E, WE 4(a)—(c) Bz, FET ARkt Mont,
SO,-Mont F {1k BE 25 B B, He 26 1m0 AR 5 MR
IS B W E R T, AR AR BERE T REAIR 44.1% .
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R3 FITUREAFBELERE

Table 3 Catalytic performance of clay mineral-based catalysts

Increased desorption Increased desorption

Number Catalyst Temperature/ °C RHD/% Amount/% rate/% Time/min Ref.
1 PO,-Mont 86 67.6 47.8 75.0 22 [75]
2 Fe-Mont 85 60.0 82.5 315.0 22 [76]
3 SO,-Mont 87 55.9 79.0 215.0 22 [77]
4 SZ@Sep-1/2 88 51.4 105.7 92.0 25 [78]
5 Fe/Zr-Sep 88 65.0 67.6 66.8 25 [79]
6 Sep-H,S0, 88 54.4 83.6 77.9 25 [80]
7 Fe,05-Sep 100 54.0 80.0 - 20 [81]
8 ATP-1 88 68.7 50.2 57.2 19 [82]
9 ATP-2 88 67.7 479 54.1 19  [82]
10 1/2-SnO,/ATP 88 48.2 222.0 265.0 20.8  [83]
11 Ni/ATP 85-89 38.6 144.2 196.0 21.6  [84]
12 2/1-CuO/ATP 90 35.5 194.0 205.0 135 [85]
13 NVATP 90 38.6 159.0 - 25 [86]

(1.5 M MEA-1 M EAE-2 M 3DEAIP)
14 1-FA 88 72.0 96.0 96.0 35 [87]
15 ALOs-FA 88 56.4 77.1 75.1 25  [88]
16 SZ@FA-1/2 88 54.6 77.7 - 25 [89]
17 FA 88 58.2 72.0 ~180.0 25 [90]
18 kA 100 31.6 280.6 - 60  [91]
(2 M EAE + 1 M DMAEE+ 2 M AMP)
19 3D-Fe 92 58.3 92.8 159.3 30 [92]
(5 M MEA + AMP)
20 3D-Fe 92 58.3 49.5 136.1 30 [92]
(5M MEA + MDEA)
21 RM 88 83.7 31.7 289.0 100 [93]
22 30% Al-D 87 56.8 35.5 59.1 18.8  [94]
23 Ca(OH), 20 53.7 72.5 - 30 [95]
24 3D Model-1 81.8 56.0 106.0 195.0 30 [96]

Li 55 VSH] ] — 25 PR 2 K i 4% SO; /210, (SZ)
U6 1 72 1 0 A7 (Sep), 15 SZ@Sep-1/2 & & i 1k
o 52 PR RA L, 2 A A R Y B R
5B R B/L L, m A H AR BT A AR R R
W 3 R 42 5 92.0%, i W i 52 T 105.7%, AHXT FA:
HE #E B 1K 48.6%, 20 WK 1E ¥ f5 H Pk e T W] i %
W o Li F5R A1 HNO, Fil 4h BE -2 1 38 ¥ 5K W, 7E
Sep ‘B 28 L AH A Zr Py AP il £5 tH Zr-Sep fE 4L 7, FH
Wt 5 Fe’' 4 A1 il Fe-O-Zr FLTH, i 25 BRAK I i
AE 22, A IR CO, i W 2 i F 2 7F 88 °C T A
e AH X F- A BEAEFEAIR 35.0%, 28 10 AG BRI fiE 1k
T MR FERRE o Li S5 PF A H,SO, Xt Sep #4712
7% 16§75 Sep-H,SO,, I & B iz A Ak 7 8 ik 17 B
F & 1Y Sep-OH (B & v ) 5 # &5 19 L 2 137 P 7] £
it MEACOO H' C-N i Wr 24 20 9%, 7F fift W 2o #2 v

AR T 25 1A 2R 00 e 2 380 25 R ffe R o 344 i T 43 )
K] 77.9% F1 83.6%, HHXTFIAEREFEFEAL T 45.6%.
A, Zhang S5 BULL A5 R BLR 5 LK Fe,0, 3 CuO
1 2 F Sep, X}t & P Fe,04-Sep K H. A ¥ & 1)
B/L LU R BAFLEE A, A i W G it 42 7 80.0%,
FEXT P BB FE R AR 46.0% (& 4(d)) -
Tan 25 B2 840% B, V] ™ 4 7 (ATP) ] B

5 M MEA 7 Wt W CO, [ N HH X RE FE R AKX 32.0%
(Kl 4(e)) o #—2F, iZ B BA LA SnCl-6H,0 b %5 i,
F F UL VE -2 B s 7E ATP b 4 € SnO, 15 3| 1/2-
SnO/ATP 4L, H B iR % B o ik o 34 73 31 B
84, AT AE X P AR REFERE AR 51.8%. LAk, 1%
P BN SR 4 4K BRI 35T 95 8% NiL Ze fl Sn f7 2% T
ATP |15 3| M/ATP % % {1k 7] (M=Ni. Zr. Sn).
Hoh, NVATP HA 5 £ B, M T KR,
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ik W2 3R RT3 ) 15 T 196.0% 1 144.2%,
AT A REFERRAIK 61.4% . Liu 2555058 i 1 135 5
1 bg B (Cu(NOs), 55 ATP I & ol 2:1) 1 45
2/1-CuO/ATP fE fb 57 o 1 A Ak 57 A1) H L Cu'/Cu”
SRR JF T 5 R i R A A 1 R [ A D, 4 A X P
HEBEFEMEAR T 64.5%. Zhang %506 ATP fii: 4k 7
WRZE = JU-FIRRR AR, REHET
MEA-EAE-3DEAIP = J iz 5 DU A ATP 2 [# 4 iR
f# £k 7 (Fe/ATP. Mo/ATP, Sw/ATP, Ni/ATP) 1 P}
A . fETCMEAL &N, A L 5 M MEA 75

PR R, = o0 e A Ak A WRORE 6T 7 AR BE RE AR T
51.0%. JIA NVATP #ATHEACST, 5 N7 L 2
A7 X AmCOO H C-N 8 4 11l 55 1 FH , 25 min 4
= IC AR Z A W B AE 5 M OMEA 28 IR R AR
159.0%, FHXT P4 REFEREAR 61.4%. Z TAF ML £
Toft J5T B 5 32 A% TN 1 0 HCO, VK J32 1 35 1 it fi
W PR RE, 5 B = 0 e 5 v s AR R B G, A
- B AT 2 A e AR Z v i Tl R SR 43t T
AR .

30 14
(a) - —— with SO, Mont (b)
E 25 with Zr-Mont 1
= ~——— wjth parent Mont 3
£ " —— MEA without catalyst £
= gs
£ 15 E 6.47
g & &
2 g6
<, 10 3
g 2.
05 g, 3
00 0

[ Desorbed during ramp stage
2 [ Total amount desorbed

~
(¢]
~

11.58

734
6.75
5.54
2.85

11.29

Relative heat duty (%)

no catalyst

30

Time (min)

40

Zr-Mont

Parent Mont SO,-Mont
Amine solutions

Parent Mont  SO,-Mont Zr-Mont no catalyst

Amine solutions

= Blank

Blank

() -

Relative heat duty (%)

Desorbed CO, (mol)

(2

TR et () (1)
%‘ 184 —=— Relative heat duty © o
% e N S
2 57.5 583 573 H
g: :(i 102 B 102 = © § 3D-Mn W-Mn o
£ . sog 16 865 28 . e
g ][]

6 m IIIIIIII ,

3D-Fe W-Fe 3D-Fe
V£l 4 R[] Mont 3 A%V A AP RE e CO, MR (a) . CO, AR Bt (b) RITARRT 2 BEFE ()77 ARI)

Sep HE AT U AU PERE LA (d) s 4l ATP HEALTRIX I PERE B2 ()™ 5 A0 FA HEAL IR IR R RE LA (P

3D FTEMEAAME AR AR S0 BT (2) P PR IORL R 2R (h) P25 2R [R] 3D i fRIFCRER T CO, A <& (1)

Fig. 4 Comparison of catalytic desorption performance for different Mont-based catalysts: (a) CO, desorption rate curve, (b) total CO,
desorption amount and (c) relative heat duty"”>”""; (d) Comparison of desorption performance for different Sep-based catalysts; (e)
Effect of pure ATP catalyst on desorption performance™ *¥; (f) Comparison of catalytic desorption performance with and without FA
catalyst®); (g) Process analysis of catalytic desorption using 3D-printed catalysts””; (h) Schematic diagram of modified packed-bed
catalyst®; (i) Bubble data for CO, desorption on the surface of different 3D catalytic packings®
(with permission from Elsevier, the Royal Society of Chemistry and American Chemical Society)

1E 5 M MEA WO . 88 C fft e PR R T,
Chen Z5IUAS[R) BE 45 HE ) = Fl 0K B I8 K (FAD,
1-FA. 2-FA Fl 3-FA X R AT PEREVRAS, & B 1-
B/L W2 it & , 15 Wt

PO =Ny

FA K AL,O;-CaO & &5 .

MR 96.0%, AT A BEFE AL 28.0%, 4 1
UG PR I HAR AL G PR PR 47 R 4F o Zhang % AT
TR Bk K Fe,05 5 ALO, 738 T FA il 13 Fe,0,-
FA Fl ALO,-FA fiEfb 7], Horr, ALO,-FA 3 M g
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TR A S, AH O A REFEFE IR 43.6%. Niu V1R
FH— 35 KB SO /210, 113 T FA 145 SZ@FA-
1/2, H A Zr-O-Si 85 B 20 8 H O B8 FA A K AL
G AL, AT ffTRE X T A BEFE PR AIK 45.4% . Niu 55P0LL
BT FA 55\ R0 i fh Ak 1 44 2 ik A 70 i 4k Co, f#
W BE, FA e R IO 5, WI 5 A0 X 7 A= e FE
fik 41.8%. Zhang 55°"M4 FA #E) 2 = Ju Ak R
2 CO, & W ", ¥ EAE:DMAEE:AMP Lt fi 4
2:1:2 BRI A I FA, o W 3 R 42 5 28.0%,
AHXT A BEAE R AR 68.4% (&1 4(D)) -

Li %IR58 L B, R U8 0 7€ 88 °C fiff W 25 1
T, B 5 M MEA ¥ WY AT A BERE AR 16.3%
A A i 2 2o R TP I ROK UKL 3R 1H Fe® /AP K G AR
B4 JE —OH (B MR o5, )5 L R Ao a5, 4k 17 3 2o 5t
T FEE MEACOO 43 fiff HE 22, NI CO, fiff W 3
o Li FEPIUA R RE B A R AR, 8 o D v Tk
7 ALO, MUt & A AL, nT f AH X 54 BB RE R
ik 43.2%, % 50 AR R I TRt N
[7i] 20 S B g FE B 35 B IR 5 A IR AR % U, Zhang
FEOUE Bk F AR, 7E 90 °C /) MDEA+MEA
WA Ca(OH), 15 2| 5 fi7 CaCO; F-A= 5 1+ 3
& 2, 7E 30 min N M W i 52 - 72.5%, FH X F-A e
FEFRAIK 46.3%, 2 1L WA B J5 116 36 1 fof O R AR A
fiff W 3k 2 b 3 OH v A - 4k B - UL 3 COT,
AT ST R - e i R A

AR, SEAR 3D FTERXT AL AL 2 L 5 e
8] ()RS R DR 42, T SR AR R TR T 1 S R T, 58
% T DL MEA g {38 19 1% Gt Ak 27 WO 7 fi: AL i
W L T I Y = REFE [T, 7E 5 MUMEA., 85 °C 4
AR R, Meng 25 P°CR @ 14 + -PVP HRL, il
it 3D FTER I & By AR R i Ak 77 . JC 7R A4 11
BB, ZMALFEE 1100 C B4Rk BBk A
285 B/L=0.17 (1) [E A FR A, B w] {5 fif 05 o R 4
- 195.0%, AHXT 4= EFE FEAIK 44.0%, 28 KGR
A TR0 0 T AN 2 TR A, 2 A 9 o A A 4 o
PR N 254 L A FL BRI B (] 4(g)), A 5t
P T HEAL I AE MEA I S 45, He Ry AR
Tl B S B S 4 e i Ak R M BB A 2 1Y
RO, AR A TR IR 45 A B 1 2, Ok 42 @ -3D AT ER P
] 3 11 B8 S A5 A B HR . E 22 <H AU +4 T Bk Bl S
%, Jiang 55 PILL Tk B + o4 R RE, SR A DIW
(Direct ink write) 3D EJ kil T. 2. #6474 J@ oo bk, 938
PO R | Rl i 1Lt 97 NI € e
b 2R (& 4(h)),, 7 MEA+AMP/MEA+ MDEA

R Z P IEN T e EARCE: 5B B W-
Fe. W-Mn #H [, — 8% 48 Ak & 1R 7 2.0
3.0 1%, BRE 5 B, LIRAM 454 M 1.9 5 2.9 1%,
30 min fiff W 5 R 5 fif W i i 35 B, AH X A AR
FEREAR 41.7%, 28 10 G I AE AL TS MR 08 . % T
2orh 3D FTERI T 114 KL 0] 308 3 A A 3 s BEL T, B
Fw U AL AL, B E 5 BR Rl 3 R
T o7 %86 3, WA o 5 A A i ) B 9 5 A ST I
il R A, 7 i, — 5 O[] e (] 2 a4 Ak e i s o
T, 4 3D FTENZE 4 A A 50 A PR — = 08+ 4 e 28 i
Hr Tl 35+, SR REAE R -+ A A0 ) M 5255 = 6
A 1] Tl AR L T — ZRT B AR

14 EE/EMBIBEFHNEETEY

4> J& A HLAE 42 (MOF) A1 3 4 A HLAE 42 (COF)
WA Z AL IR R, MOF H& BB T 56
HIL T % 38 3 457 Bk 21 2 i i, COF W 5% 4= phy 4% o
AL il A B B N, B R A
AT FLBREE ) o A2 45 T H AR Y LB 2544 A =f
B IS PR AL AE L, i S A A ) A A AL
MEA 1 Wit W CO, fiff W M R 7 I A5 21 17 Bk bk
L0, MO R T3 4.

Wei 55 PR R B 09 7K #4327 CeM-
HPW-15, CeO, 5 HPW AHH1E ¥ ./ Ce-O-W
AT SR AR L 8, CeO, Fl H,O B WIS 14 12 35 7 42
HE T, [\ AN 2 B HPW 1Eh B R {57 St 7T h
MEACOO Wi 24 v 2 T F . 5 Ak A b f T A4
L, M4 S5 T 1 CO, fif W B 45 55 T 38.1%, AR XT
TRAEREFERRAC T 29.5%. [A]AY Sun ZEPMI2L Ni gl
() 22 G 45 #6) HZSM-5 A AL 1 Sk 2844, 78 35 i A TR
Ce-MOF R BRI A B CeO, )2, A M. T Ce-MOF
fir A 2 A AL 57 (AL 55 HZ-Ni@MOF-808 . HZ-Ni@
Ui0-66 il HZ-Ni@Ce-BDC-2) , HZ-Ni@UiO-66
PR ST S T R 6 A, I A
B AR BN i 22, DATIT B 85 T AL B3R . CO, iR K
W T 57.7%, tHXT AR RRFERE L T 36.5%.
Alivand 5 "V% B, B R 5K o0 FIE AR T A8, {4
F5 T ORI 7K 43 5, K R Y Fe,O, 40K F1 5 5 AN
[f] MOF & &, il & H A A/ fL 45 4 1 Fe;0,@
MOF. @it fiffbs| A B R, HH, 0.1% ) Fe;0,@
Ui0-66-SO, H A7 fi tf- i A £k fff W 14 B8, 7145 AH X
FEAREFERFEMR T 44.7%. {H R T = 4EAE 42 5 57 7K
11 23 BRI PR A7 S, HLRR A oK B R T
I, Xing %58 i N 8 2= 1 1k 7¢ £ 2 MOF [ 3%
IR T HA W B A HOR 34 5] 3 4 () CoN, 45
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4. Co® 44K A1 7% Al OH JE A1 ) — 4k Co—N—C 44>k
F (2D Co-N—C NSs)., N 8 Z% 35k [z b ¥ 5 16 1
7 A5 B 22 fiok, R TH AL RCR . CoN, 4544 1Y) 3 fic
RLRL 23 BB Co 5 —NH, 22 a] B 1 58, W i 4k

*4

T2 TG P Ao O, PR AR R R e . 5
FIAH B, 32 A0 D i IR S R B T 281.0%, [ 7 i
JEREZE 88 °C, 5 98 C By TLAALTI CO, i W AH LK
R R IR 20.3%, XA REFEREAR T 42.0%.

MOF. COF. ix#t #Fn E At 4 #H Y 4L CO, FRIRIERE

Table 4 Catalytic CO, desorption performance of MOF, COF, carbon-based, and other materials

Increased desorption Increased desorption

Number Catalyst Temperature/ °C RHD/% AMOUNt/% cate/% Tim/min Ref.
1 CeM-HPW-15 88 70.6 38.1 166.0 180 [97]
2 HZ-Ni@UiO-66 90 63.5 57.7 210.0 60 [98]
3 Fe;0,@Ui0-66-SO, 88 553 80.9 - 120 [99]
4 2D Co-N-C NSs 88 58.0 83.5 281.0 180 [100]
5 ZIF-8 40 - - 49.7 40 [101]
6 ZIF-67 40 - - 83.3 40 [101]
7 MZC-HPW-20 88 68.0 52.0 123.0 60 [102]
8 SZC@TiO, 88 64.0 64.5 153.0 180 [103]
9 Ni/Fe@COF 88 42.5 - 540.0 120 [104]
10 S-Co/NC 110 71.2 63.6 733.0 100 [105]
11 v-ALO;/MWCNTs 87 442 74.3 150.0 120 [105]
12 Fe,0;-MWCNTs 87 50.6 53.8 474 40 [106]
13 HOOCMIMCI 90 61.4 36.7 - 60 [107]
14 CNT 98 67.0 50.0 - 50 [108]
15 N-doped CNT 85 - 23.9 503.0 30 [109]
16 STC 98 54.0 82.3 - 50 [110]
17 Phen-Fe-N-C 88 - - 50.0 30 [111]
18 Fe/FeSA@GNC 100 59.3 19.5 440.0 57 [112]
19 Functionalized carbon spheres 86 89.2 12.0 108.0 45 [16]

20 Zr0,/Si0,/BC 90 69.0 24.0 26.0 25 [113]
21 Fe/SiO,/BC 90 66.0 35.0 - 25 [114]
22 PF, 90 82.4 21.4 - 60 [115]
23 [Et;NH][AICL,] 100 60.0 83.0 43.0 60 [116]
24 Amberlyst-15 90 82.3 21.0 - 60 [117]
25 H,Pc 90 73.1 22.6 1679.0 60 [118]

Tl A7 -POK WA 152 6 - 4 ( ZIFs) & MOFs B — >+
25, AL Z U R ¥ ZIF-8 Fil ZIF-67 L JH 7E &
VR A R . AR B SR CO, 1% 5T T B

Xing ZEUOI5 1 T ek 9 ZIF-67 Sk, 35 Tio,
W2 Y S URRAE ZIF-67 S 4K |, TE i TiO,/ZIF-67
T A A% A G MY . FEARIE 450 C &R &M, il it

EEALTE T, I BoR R E R TR F R BN E
K& T1. Y& ZIF-8 (I fFERT ¥k ok 150 mg/mL) I
ZIF-67 (f5e A3 5T 5t Wk B2 4 125 mg/mL) 9 5T & Vi B
Al 425 CO, fift Wz & . ZIF-8 Fl ZIF-67 1Y fift W i %
SrHERE T 49.7% M 83.3%., N T #k— LTt ZIF
B AL PR BB, Waseem 55U 1 4B 8 7 75 MoO;
f) ZIF-67, 31 0.2 g i) HPW 3E— A 4b 3, 75 5] 7=
Y MZC-HPW-20, 0] X A o BEAIE T 32.0%

TiO,/ZIF-67 it i% 2| HA Co-N, {1 ZC@TiO, k.
TiO, 1E ZIF-67 K1 i1 )} 2h I 2 v] LARER ZC@Tio,
() L 2 1w B ARTFL BUAAR B, 51 A —-SOH ‘B Rt A i fk
Ji 15 3] SZC@TIiO,(W I 5(a)) . TiO, IR JZH %
B7 1k T3 P 2 A DA A Ak R 2 TR S, SE G T AL
F Bl B 75 4, —SOH B fig A $& T LR Pk o iz i
fEFIE CO, MR 4 = T 64.5%, A% FA: e
AR T 36%.
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-a

O™\ Degradation  Co-N,
(a) sl s

Unstable Co etch 1) \N/@§NH o) \N/(}NH

b \=/ PTSA" \=/ HPO,;
M o (d) PTSA - 2P 04
e [Mim]PTSA [Mim]H,PO,
I - ® ~x i
® ® i o
\=/ wuso, \=/ o,
[Mim]HSO, [Mim|NO,
[ I N O ~N XN
o N N7s ~
\=/ mso; 2/ er
[Emim]HSO, [Bmim]|PF,

(0]

258
B 030

50 50.09
4622 12 4748

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

@~ AN (10) AN

=/ HSOy =/ NTF;
[Bmim]HSO, () o AOEMIMNTF,
®) ~y Dy 1) AN
@
\=/ o —/ BF;

HOOCMIMCI AOEMIMBF, 0

O~N DN SO 1y \NN/\U/O\
2./ wuso, —/ e
[HSO;-Bmim]HSO, AOEMIMPF,

K5 (a) SZC@TIO, il & /R ZEEU® ;5 (b) A[F] y-ALOy/MWCNTs 7 & FUHEALPERE! 5 (¢) ANl Fe,0,--MWCNTSs 75 5 F
ARPERENT s ()l FHEY ILs 4k & WAk 2 A 07
Fig. 5 (a) Schematic diagram of the preparation process for SZC@TiO,"*; (b) Catalytic performance with different y-
ALO;/MWCNTs loadings!'®’; (¢) Catalytic performance with different Fe,0,-MWCNTs loadings!®";

(d) Chemical structural formulas of the utilized IL catalysts !

107]

(with permission from Elsevier)

Li %% COF #1 KL 1 5 MEA-CO, fif W it
2, il £ COFs 1 % 44 Kk % NiFe,0, H % A Al T %L
&R A HL -8 B AT ARG v 2 AL A AR
(Ni/Fe@COF), W] R Ik 22 25 H 1R $h B A i BB 22, 7F
NiFe,0, 1 # Fl COFs %k {4 iy %t i &b , Ni-N—(Ni)
o Fe-N—(Fe) 4 (Y B v & 2 L IR ¥4 1L BT -
Ni/Fe@COF f4h e AMLHRHE L R A7 55, 17 H A %L
PRI AP 5, XA BEFEREAIR T 57.5%, Li 4520
SR FH A SR B8 S5 o7 e 2 A A6 5 i T B A —SOLH 18
T 1Y — 4E i BE 1) COF 342 S-Co/NC., —SO;H L
{7 [F] 236 T COF 45 14 Fil Co-N-C #4 Y, {ifi fi fk
FEA = AL S e v M. Co, 1
fiff W R T 63.6%, AT PR BEFEFRAIE T 28.8%-
1.5 el

FEAEAL CO, ff Wik B2 v, i 4 B9 R 3 F
S48 5 PERE (1% T R R 5, [R) R LA PG S A% JE ok
PE 5 4 R 1, 78T 20 B BRI BR3P OR ) 0
it 1 75 A O T 4 J@ 484k 0 45 R R i Ab ) o b
BERIETIZ | il B BUAAIR, 3 AF e 6 e b B 75 VR
W CO, J i FRAS 21z B, AH G 58 F B 1 5% 4
iR

Li S0 OE P 2 Pl A4 BHELEE Bk 73T (CMS).
Z L% (PC). A [A] () Z2 BE B 4 K & (CNT. CNT—
OH. CNT-COOH, CNT-NH,) #lf7 845, IR T
ZZR MR A PERE . 7F MEA %, CNT
fdi CO, i W 34N T 50.0%, HH % F2E fE #E R 1%
T 33.0% 1fi /£ MDEA ¥ i 1, CO, fif W 2 3% Jin

T 100.0%, AH X 54 REFEBE AR T 50.0%. i i
20 YR A P WAL -7 I SE2 56 CNT Ak PR RE L% A
TR, BA RIFIEAREN . Gao %58 i M5
FIK B S T2 FN PR 28 ot il 9 oK 48, 2E e 2
T P RO 1) T T R AR, 5 OR  ONT A L,
CO, ffM 4t = T 23.9%.

Li 55 MO% 5 48 55 iR SO /TiO, ki 1 4 47,
CNTs R ZEAA, il 45 T ASTRA R L i ok P i Ak 55
SO; /TiO,—CNT. #H T CNTs #ISO; /TiO, 113 [A]
YEF 338, CNTs i o H fif 7 % 42 #F HCO, 43 i, 1M
SO; /TiO, i 1t it F #% % #L #l {2 #f MEACOO 43
fift . MEAL T 45 S CNTs F1SOX/TiO, B A, FEA%
WAl B FE P R RERE . I AEAL I CO, MR I i 4
=T 82.3%, X FAERBFEREAC T 46.0%.

L BERR K (MWCNTs) B4 mfLB 3. &
T M A i L 2 T R A 4 R A A, (L O A
ghate s, T U THGE DI S tERE . Li A0
R AR IR 38 £ FlE A DT E Ik A T y-ALOyYMW
CNTs #1071, Heim b m RUR 2L 1 Sk s o 4 it
TR R R o TR, O R R 22 AR R A
M5, A AT MEACOO . HCO; Fl CO™ 14 43 fift , 412 33
B eV R A e R T CO, YR . 8 FH 0.20 g y-
ALOy/MWCNTs #4671 g W I, 3 B0 1 A o A A
PERE (A&l 5(b)), CO, il W 2 42 & T 74.3%, fifk
HCRAE T 150.0%, X PR REAFEFR AR T 55.8%.
7 #E— R 5T MWCNT fEAE 4L CO, fi# W J7 T Y
PERE, Li SR H 4 )8 A4k 9 Fe,05 XF MWCNTS
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Fe 0 PEAT BOME, B8 T MWCNTSs 2 i (9 L iR 5
B 2, 4 B T n#E MEACOO 1 43 i, {2 i MEAH"
15 BT T4k, DT B A REFE, 0T 5 50 50k 30% 1Y
Fe,0;-MWCNTs 4k 551 2 B0 M i 4 (4 4 AL P RE (n
Kl 5(c) o 575 4L F MWCNTs #EALHE 1, iZ A1k
FR AT figr Wz R R W S o B B R T 47.4%
53.8% WY, {HAHXT P AE REAEFEAIN T 49.4%.

Li 50053 a5 — YR A A P o 5 U T B
JZ1 Fe-N-C i b7 . 1= A S5 A S i J2 R A B)
T S A R L T, IR R T Fe-N-C i 5 A%
P, Sk CO, fiff A A5 v (%) 3 7 -FL T 5% B Fl C-N 4
Wiy 4L T 22 A R PE A3 A, NC 4 5 B4 e o7 3 455
S35 Fe-N-C S 6 % . 5154819 Fe-N-C Fl T
AR ) 11 B2 1 AH B, J5e K CO, fiff W 88 2R 4 i) 42
T 27.0% 1 50.0%. Li 41" o 45 5 Bh i 1k -4
T, B DA AE Y T 5 SR R TR SR R
B2t (NC), 7 Fe/Zn B IRIAAFAE T, i i i i Ak
B, W 98 oK UL A 2k [ 7E NC 2k T il
7% Fe/FeSA@GNC fiEfL 7 . Fe 44K Jki 75 £ 55 =
I T R T 903 B Fe-N-C i 5, 47 1) T2 ik
JB - B TN BRI C—N BT 24 0 I I R %2 o [ A
Fe-N-C v/ s 76 B 1 A BV W A 28 20 IR, 175 2
A LS RS MR A

Bhatti 5 "R HE SR T —MEA R
iz U1 RE 1k B 2R 5% A2 g A 2 B AT A e BR A AL
F——40 K 5 2R (2-58 £ BE-1- R ) I RE b B
Bk, AR N # T MEACOO 1 43 i, 7EAR I~
TR T CO, MR 5 W 04 % W, 43 3 il CO, i Wi
TR i W% R T 108.0% F 12.0%, #H X A fig
FEREME T 10.8%. Chen %5USER FE AL AL F /N2 K3
e 1 T A T Zr0,. Sio, Ml ¥ 7% (BC) 4H
B = JOEAR T, AR R AL L R A B 1R, {2
fiff Wz Jsz iy 3sk 4 v Y BT 5% 7%, B> MEACOO 41 i
PIRRTE SR o SUIR A A v 1 F S 38, T L o B
T L e B o FEZ AR AL T CO, fif T i
AR AT B E T 26.0% Al 24.0%, A%} R4
EAEFEAR T 31.0%. Rao %5 U4 ] Si0, 44 K ¥
Ki . /NZZ By RN FeCly 38 i BB IL il 25 T — RAIA
[F] FeCl, 5 SiO, ¥ i 1) 1 Lt 1) Fe/SiO,/BC = JLfi#
b5, BAT = & RV 1 Y FeyO, 40K S Acid i 2 4L
AW e % 2 3]SI0, 4K URL T BUR SR, A=
oSN A AR B b AL, R AR T A AN
JOT A A R A R A A Ak 67 A, 2SR A e 1) 4 R R
fdi CO, MWL 452 8 T 35.0%, HH X P 2E BEFE R AIK

T 34.0%.
1.6 HEp#

BT LR AR Ah, G S AR IR R E T — 2 ]
Tom Ak CO, i W 8T B R, Ll an g M 2 W A
(IL). Bk . B FAcHpgE (W& 4) .

Fi M TLs 7 CO, 4 42 400 8k (K] Ay 1 20k e Wi i
B2 R, AR 2 W AR A B 70 A R AR B
WA ILs ZEfE AL CO, fift W H 45 Bh A8 I N 6 42
AL CO, i W BT 75 ZE Y 1% AL BB o Sun 551935 4%
TRk R R M2 WK ([Bmim]PF,. [Bmim]BF,.
[Bmim]HSO,. [Bmim]NO;. [Bmim]CH;COOH,
[Bmim]Cl. [Bmim]Br I [Bmim]l) %} CO, i W fi f
163 5, [Bmim][PF,]5 MEA A [&] Bt e 520, 5% &
ALK CO, i W 42 25 21.4%, FH A 15 2E BE #E PR AIG
T 26.9%. Zhang “E"7R HIEL 5(d) ros 19 12 FpORs
[i] (%) Ik 1 B 1~ TR AR E & CO, 19 MEA H 4Rk 42 iF
CO, f#t W . 1% i HOOCMIMCI £ Bt H f5: 5 A9 fii
RIS PE, 2 MEA & a1 ILs fEAFRII, 2N
A 2R 1 280 B 8 v, Ol A 57 50N L A =2 T £
2 fol e AR, 8 B BH T, AR AR AL CO, i W TR
Ao ILs ML AR PR Bk, 2 0F CO, fff I i 25 SR
B I, TR M A RE A% Ty 22 TP R 6 0 i 4 R TR
L5 T R 1107 N7l T e £ 9/ 0 [ R 40 - [V
HOOCMIMCI #] fifi CO, fiff W & $2 &5 36.7%, FHXT
A REAEFEAR T 38.6%. £ 10K CO, W Wit -fif W 41
AR50 5 7 PR 5 5 i I e Mk o Xing %6 ORI 9
FEW, WAL Th E 4k, AFIL[ELNH][AICI M 1k 7] BE {1
PE MEA 75 0 i W o 78 AH DGR MR B 19 152 2 BE AL 1)
BIL I REAL B T WK (AFIL) R, CO, fi# W 52 %] nJ
PR S B R A R BR ] . 78/ AFIL W E T,
B R AP K AR, KR T
A5 MEACOO WY %5 &, MTTREAIR 1 %% 1K fife W &k
2R, AFILs 55 S 5L F R 3k =2 8] 114 S0 B A 7 5 4iE
KTHEIEP R b oy C-N &, FA% T 8Efe,
{2 MEA F2E, FEAIR TREFE. WSIN T AFILs J&, CO,
i W2 38 23 AR T i 4 = T 43.0% N1 83.0%, AH
X P AE REFEREAR T 40.0%.

Ik BA — N R IR G, HY Ry oL ik
A0ER LR, RIF AR F AR5
S 3 S A SRR 7 o5, FR B A PR IRIAE T, B3
JE T CO, fi# W33 %, Chen ZUI5| AT BT i1k
#, 7E MEA ¥ W il CO, it W B 32 15 T 22.6%.
il W AR E S T 1679.0%

Sun E £ 22T Amberlite IR-120, Amberlyst-
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35, Amberlite-732, Amberlyst-15 BH 25 1 52 e 0 g
AL AE CO, M Wi A2 v A AL 75 1, Amberlyst-

B, A R

FEE

1.7 EAFIREEM TR R

5 9 AR FE A, HA B i A AL H R AR S 8K AR AR E M e T T 2 & 5F A ] 47
Z RS, R HE T T . Amberlyst-15 1] ¢ ’@ A GEIR X LIS [ A R 11 A0 5770 (%) A2 e 1 52 56
CO, fiff W it 2 55 21.0%, A XS A BEFEREAR T A7 7T IA9, 852R 3k 5 s
17.7% . FLRAGE G E V5256 % B, AL 1 REJC W

x5 AELEBEAFRRI ST RELTIREE
Table 5 Analysis of the advantages and disadvantages of different types of catalysts and the study of catalyst stability
Post-cycle
R tati catalytic
resentati .
Catalyst type Advantages Disadvantages cpreseiative Cycle times desorption Ref.
catalysts
performance/
%

Molecular sieve Outstanding structural Strong structural HB 10 74.4 [31]
advantages, acidic influence on KIT-6 10 771 [36]
adjustability, better stability = performance and )
and flexible functionalized sensitivity to solvent Ni/Fe@KIT-6 10 62.9 [38]
design systems CMK-3-Si0, 10 77.0 [43]

Fe/0.8H,SO,-HZSM-5 10 84.2 [47]

Metal oxide  The preparation is relatively — After recycling, there are ~ AIOOH/FeOOH 5 96.3 [64]

simple and low cost; the problems of reduced Ru,Mn, ,O0OH 6 88.9 [65]
acidic sites are abundant; the number of acidic sites ) )
applicability is wide, and the and weakened strength; NiSO4/NiO 13 81.0 [66]
cata.llytlc effect (.)n dlf.ferent lower specific surface. SO? /Z1TiO, 5 74.5 [67]
amine solvents is achieved area or pore structure is
prone to collapse; most  Vn,CoO,@Ti0,/SO> 10 79.9 [69]
of them are less resistant 4 5
to impurities in flue gas SO /TiO, %. [70]
and if)n eros.ion in high TiP,0, 10 933 [71]
alkaline environment
SO /NF 5 96.9 [72]
a-Fe,0; 5 85.1 [73]
Clay Low cost, wide source, Low initial catalytic SZ@Sep-1/2 20 89.1 [70]
environmentally friendly, performance, need to be Sep-H,SO, 10 93.8 [72]
well-balanced catalytic modified to improve,
performance, easy to scale up poor water stability, poor ATP-1 15 954 [73]
preparation resistance to mechanical 1/2-SnO,/ATP 12 79.8 [74]
abrasion performance SZ@FA-1/2 20 81.9 [80]

Metal/covalent High porosity, low density, =~ Complex synthesis Fe;0,@Ui0-66-S0O, 10 91.0 [99]
organltf skeletal large specific surface area, process, high cost SZC@TiO, 10 83.0 [103]

materials and  regular pore channels,

their derivatives adjustable pore size

Carbon material High chemical and Low adsorption CNT 20 96.0 [108]
mechanical stability selectivity and STC 15 91.0 [110]

mechanical strength

Ionic liquid ~ Good stability, non-volatile, Homogeneous systems HOOCMIMCI 10 96.6 [107]

structure can be designed
with more acidic sites, high
reactivity

do not separate easily
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A0 Y S5 B B, 38 A 3R B T B KRB
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Ak 7510 AT 5 355 Ak B R AIG 40.7%, ¥ 751 7 A BEAERE
ik 27.6%, CO, fi £ 19 3 AR A BE AL 10.5%. FLF
AUV F IR T 10 ta BUEE CO, W -1 1%
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2 {1k CO, fif W s W HL BRI 5T
2.1 FEAFERERARER CO, K EZHE
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CO, M iy B8 . BT, & T CO, 75 W 25 W i 74
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PP B T B P RE = GL  MARN H R AL
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MEACOO +H,0" < Zwitterion <> MEA+
CO,T +H,0 (1)

MEAH" + H,0 < MEA +H,0* (2)

HCO, 7E CO, fi W o 72 vh B W9 A /E H .
(DHCO fE M i 52 M4, MR MEAH 42 % i 1
& BBk 2 (H,CO5), H,CO, 52 #A R Jilt CO, #1 H,0,
=X (3) i . @ FHCO, it/ F MEA fil H,0
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Z [, MEAHT] UL # i1 ¥ 45 HCO, JE 1, H,CO:;,
H,CO, -5 %% i T4 H,0 J& i HCO, #l H;O", 1=k,
(DK (S FT7R o XA BN FH oA el AR B A 2 i
Ak A ) AP A, E G R — A LA AT
() S N4 3 SR WA g R AT 00 20 B, AR T s
TEALRE, $E M T RUREE AR 2, T B T KR
A FRREAE o (HAA MR & rh, HCO, Mk B2 32 B, i
FAE A BR, Joid MARAS I fff U g BB FE M) R .
MEAH" + HCO; & MEA +H,CO, <

MEA +H,0 +CO, 1 (3)
MEAH'+HCO; <> MEA + H,CO, (4)
H,CO,+H,0 < HCO;+H,0* (5)

MEA # % () CO, fift W BE#E £ ZIH T W 7
Ifil. B 5%, MEACOO 1Y 43 fiff S W MK T° MEAH 2%
AT B LY BT o {H i T MEA (9814 LK
iR, B4 5 5 MEA 456 F L MEAH', ik S
H,O0 A HyO' o 3k FhfA Ty 2 s G 350+ 6 % i

(a)

Proton direct transfer mechanism

[o] 0 0=C=0
Amine
Carbamate R-NH, H
o H o\\ | . .
S ;‘ R ,C—)%FII—R Zwitterion
A 0
o Protonated amine H*
4 IT' 'T‘ +
BH* R’_T_R3 R;—N—R; BH*
H*
Brensted acid sites
o H
—N—R
H i
0‘2: N—R ?j
i H_/H*
O Ry #
i) H* '+ R, |
B-H"/ | R,—N—R;
R,—N—R; It
b ) B
B/

TETA

FEAFAERE 22, B AT H T 23 fiF MEACOO (1) Jit it
SoEAN R, DT S L AT o LR, i e S N A B
Shy iR W PG R R R SO i S A, [ B Bk e
MEAH'1Y 2 Jit 1k 1 b fig 5w, HL A 5 3 MEA
WA & Y CO, fif T REFE W 2 LT, RIL, F%
i MEA %5 CO, fift W BEFE ) OCHEAE T2 i =X (2)
H MEAH 'Y 25 it F it B2 47, $2 5+ CO, MW 2
N 3 P BT AR RSO
22 U CO,BBEREPMRFRBEBFHER
ML

WAL B T R CO, iR B & il — i fr
T RE T B, %07 L RERS i MEACOO 41 it i 72
W T B 3 A%, DT 4T CO, fif i 5, ik
T WP AE ML 3 A T e A5 R C-N g b 4
(B2

% AEAL B A AL = 20T 4 S A (& 6(a))
JoT F B e B AL AN 1A S R e R HL AR
(PCET) .

Proton-coupled electron transfer (PCET) mechanism

[o} (o] 0=C=0
Amine
Carbamate R-NH, H
o H Q. b
/\é_""_R _OIC*I‘II—R Zwitterion
o 4 Protonated amine H*
1 R, )
|

R,—N—R;

M Mt |
reslY e H
Lewis acid sites

K6 (a) itk CO, M ALEL T Ay MR T1L3E L (b) TiO,/Ti,C, AR F ik TETA-DEEA I HIf#T CO, WAL
Fig. 6 (a) Two proton transfer mechanisms in the catalytic desorption process; (b) Catalytic regeneration mechanism of CO,-rich
TETA-DEEA solvent over the TiO,/Ti;C, catalyst!"*?

(with permission from Elsevier)
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o
(a) P .
[ ATP NH;
HOH
MEAH") —0
Ho ( ) __nm, 0=C=0 @? 'EF
\LNH HO (CATp)
2 L (MEA)  Release
\
Bond
ATP (MEACOO ) breaking
(Zwi ltcnon
NHZ O(MEACOOH)
MEA 6% _/ l':’:, ATP
(atp]) J—
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Isomerization
Desprotonation Cabamate breakdown
(b) : « ()
"\5' '\L\q‘ * -6 ¢
&
o 0, oV €O, + MEA MEAH?
@ o 2
AL¢.o=0.003A
pul o

[MIMCOOH]*
Deprotonation

iy

M EACOO”
MEACOOH

Carbamate ‘\ &‘\' Carbamate

(2% ]

&9

ALc.og=0.0124

MEA

breakdown

K17 (a) SnO/ATP fEfLFIfHEAL CO, AL (b) HOOCMIMCI LIk CO, M HLER"; (¢) CNT fEfkFIfEIL CO, fi
AT (C. N, O FlH 20l Rt Wi, LA @3R) M, (BRI & ik S M MEA #¥i))

Fig. 7 (a) Catalytic CO, desorption mechanism over the SnO,/ATP catalyst™; (b) Catalytic CO, desorption mechanism over the
HOOCMIMCI catalyst!®"; (c) Catalytic CO, desorption mechanism using the CNT catalyst (where C, N, O, and H are represented in
gray, blue, red, and white, respectively)!'®, (All reactions were conducted with a CO, -rich 5 M MEA solution as the substrate)
(with permission from Elsevier)
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