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Abstract: In recent years, the continuous consumption of industrial fossil fuels has led to a rapid increase in CO, emissions, which has
become a primary driver for exacerbating the greenhouse effect and global climate change. Reducing carbon emissions has thus emerged as
an urgent challenge that needs to be addressed. Chemical absorption using aqueous alkanolamine solutions, represented by
monoethanolamine, is regarded as one of the key post-combustion CO, capture technologies due to its excellent CO, absorption
performance and high technical maturity. However, its large-scale application is severely restricted by issues such as high energy
consumption during solvent regeneration and significant solvent loss caused by volatility and degradation at high temperatures. Catalytic
desorption technology introduces solid acid catalysts into CO,-rich absorbents, lowering the activation energy of the CO, desorption
process by accelerating proton transfer and promoting C-N bond cleavage. This approach enhances CO, desorption efficiency and reduces
the required desorption temperature, thereby decreasing both the sensible and latent heat needed for solvent regeneration. As a result, it

not only achieves substantial reductions in regeneration energy consumption but also minimizes solvent evaporation and loss,
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demonstrating enormous application potential and becoming a research focus worldwide. This paper systematically reviews advances in

solid acid catalysts for CO, catalytic desorption over the past five years, focusing on the types and characteristics of these catalysts, the

relationships between catalyst structure and desorption performance, and the mechanisms underlying the enhancement of CO,

desorption. It deeply explores the synergistic effects and reaction pathways of Lewis acid sites, Bronsted acid sites, and basic sites in

different catalysts during the CO, catalytic desorption process. Finally, the paper identifies critical scientific challenges in current research

and proposes future directions for CO, catalytic desorption, aiming to provide fundamental and theoretical support for technological

development and promote its industrial application in large-scale, low-cost carbon capture.
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HEZ AL Kkl 77 BA A [ i BRAL P B A
Iz N Y, AR o e . R AL
FLAFR /NGB 5 7 KR 2945 40 ZFhAH
Horp A+ . 26 EE R
AR A I BUAS B D0 A A H T3 o TR SO
WSPVREAL . 1-T B 2L b . FF s — ik
HIEEALFIK AL L 9RTT, Y24 IR S
TR IE AR A1 T T CO, Mk A B

2019 4F , ZHANG %" 1.25% (5 & 4> %0)
] H-mordenite, HB. HZSM-5 Fl AL,O; 7£ 60 ~ 98 °C
AR B CO, 1 5 mol/L MEA I&TR . SN A
500 i 1A R A H L R R ) B9 A RDEE RH R AR
17.4% ~ 29.5%, HEALYEREHEF @0 F . HB > ALO; >
HZSM-5 > H-mordenite, F DA Ak 551 BRAL 4 5 1T
AT TR 22 S IR o N, W i S 56
P, MSA (m’g) i K/NHERF N ALO, (234.6) >
HZSM-5 (175.5) > Hp (129.4) > H-mordenite (14.5),
FLARFFLARFIR/MKR R . HB > HZSM-5 > ALO; >
H-mordenite, NH;-TPD 152 i1k 5] TASs HEF AN
T : HP > ALO; > H-mordenite > HZSM-5, M{BEEZL
4k ( Pyridine-adsorption infrared, Py-IR ) Il 1§ BASs
HEFF T HP > H-mordenite > HZSM-5 > Al,O;,
HB A i K MSA, e Z 1Y TASs fil BASs, #(HA
U AL P B . HZSM-5 B A 3K 9 MSA, {H
TASs F1 BASs 541k, fEfLPERESR 22 . H-mordenite
A % wi%) TASs Fl1 BASs, {H MSA 404K, 45 R 3%
W], MSA. BASs, TASs —# L[ g T (b7 1)
TEACTERE
122 AREN T

BT HAA L2/ BASs . A4 Tk
BEEFIT R FLIEZE Y, © 4 M T CO, i
AR . FTERZ A o F it , HZSM-5 i T Si-
(OH)-Al H 0 H (I HF 2 B2 AN HL A 5 £ 1Y) BASs,
WA R . Z5A AT 2 AR R R T
SEARA, S CO, MM Hh e F 920 T

2015 4, LIANG %5 ™% 1.25% (G & 43 %% )
1 H-Y. HZSM-5 Fll AL,O; 7E 70 ~ 105 °C fiEfb 4=
& CO, 1 5 mol/L MEA % . T BASs FETE MR
X RIEVER, UL BASs b 3 31 HZSM-5 1E
& CO, 7 #% X 1 (# 30 min) M 1k 7 RE I8 T
ALOs, SARINIAMEFIMIA R AL, HZSM-5 A
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CO, - 14 fift W T R 2 15 125.6%, RH F&AK 47.5%,
FEAR AR X3 (FT 2 h) , ALO, A W 4 A fE AL 1
fe, B ALO; AU AE M MEACOO , ifHE
FEAR B 2k X B AR R A h (HCO5 ) MfiEfR/EH
SAMAEARIR R, ALO; Al CO, 1
fiff W R A 24%, RH FEAR 22%. 1 H-Y 7E 2 Ff
TR X IR RN B 25 P A M RE . N WM B 52
BB, 3 A AL B AR i L B TV R, A
RH-Y I 3 1l L (4741 cm’/g) K T HZSM-5
(291.6 cm’/g) Hl ALO; (173.5cm’/g) , {H H-Y
AL 5 L ik 95%, /INFIFLAR S A0 435 W SN ) 53
T A& 8 . WAL 4 Tl SAPO-34 & i SiO,.
ALO; Fll P,Os 5%, fLAEK/NHA 0.43 ~0.50 nm, E
AR TR (400 ~ 800 m*/g) FIF: & HIRRNL
A, 2017 4F, ZHANG %™ BF5% T SAPO-34 i1k
FIXHE CO, i 5 mol/L MEA ¥ AE 70 ~ 96 °C F-A=
PERERYSEZ M, SAIAMEILFIR R, 1.5% (B
A0 19 SAPO-34 1] CO, fifk W 3 % g W i
e R 28.3% F128.2%, RH [#AIK 24.3%.

2019 4F, PRASONGTHUM %™ 3@ 3 7k $4: &
BT A A RS i HZSM-5 ( Si/Al=5,10,20) . %
FH10% (i 78 ) B9MEHITE 85 °C itk i A
CO, i 2 M 2-T e L TE+2 M 2-28 L -2-F BL-1- N i
V. SEWEW, BEFH HZSM-5 FEES LB T R,
HZSM-5 F AP REZE 3 5 FEAK . SA I A AL
FIAZ AL, HZSM-5(Si/Al=10) EA fe i i1k
g, Al CO, fifE W f 4t i 30.8%. BEAEREFS LI T
R, bRmE AL K, LR AR,
BASs J& 14 15 W 17 TASs #1 LASs — Ef 84,
fE RS BASs il B/L ZIEAH X

AL = ARE S IR B R A T A LA

CEFLARAE 2.0~ 10.0 nm ) . B A4 22 [ AR AL
R AR e E, CAEM AR AL R 2R 12 R
FFMEAL . BRI B 4540 T co, i
PRI (A FL 2> 1974 SBA-15, MCM-41, SiO, Fil
KIT-6 25 © 2017 4F , LIU 2" 5% Al MCM-41.
HZSM-5 il SO,”/ZrO, 3 Flt SACs 7 98 °C i fk ik
& CO, [ 4 P 5% 5 M MEA, 5 M MEA+1
M N-H 3 — 2 B % ( N-Methyldiethanolamine,
MDEA ) . 5 M MEA+1 M DEEA 1 5 M MEA+1 M
1-— H & 3 -2-§ i ( 1-Dimethylamino-2-propanol,
IDMA2P) . 7E 4 Fi&] CO, BEMSGRIIAZR b, fifl
Ak PE BEHE P W . MCM-41 > HZSM-5 >
SO, /Zr0,. HNEl 3a fiizk, LA 5 M MEA %N,
S5ARMAMEFIA R ML, 1.25% (FE2%50) 1Y
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0.50 —s— Blnak
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046 - —— 25 g MCM-41
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0.36

CO, equilibrium loading
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Fig. 3 Catalytic performance and structure-activity relationship

—m— no catalyst , SO,*/ZrO,, MCM-41 , H-ZSM-5 , from left to right
no catalyst , SO,>/ZrO,, MCM-41 , H-ZSM-5 , from left to right

—_—
N}

CO, desorption rate

/(*1072mol - min
/MI-kg-CO,)

1
= —
Heat duty for the fiust 90 minutes

of catalystsm]

3 FiiEALI TR CO, fRMGHZEFN CO, MM 43l 42
1 11.7% ~ 30.9% F1 10.6% ~ 29.4%, RH [%A% 9.8% ~
24.8%. W& 3b s, fEfLIERESZ MSA Fl B/L 1Y
L[, MSA*B/LH#A, ffbikaedir. MSA
YesE T T AL AR W SN, BASs Al LASs A, B/L
TRE T fFIR SN IBILA

KIT-6 &2 —Fh AT RIS )7 . NEBAH EI%E
N FLEE 10, BARKAFLAE (4~ 12nm)
s PR s E 7 S S il A5 P R AT 7
KIT-6 3 I8 = £ 4310, SN Fl = 1 ml 7E L vk
WEERS, WD FLIAZEAIESE, FEREAL B RE W FAE
FHA AR I, 2022 4, ZHANG % 4
BT KIT-6 Ak, Az b FI7E 100 C L
CO, 1y 5M MEA ¥l . WA, 1.25% (JiiiEsy
$0) 19 KIT-6 1] 4 CO, fift 3 S 1 CO, fif T i 42
15 31.6% A131.0%, RH [#(I£20.2%., 2024 4F, BAIRQ
AT AT KIT-6 AL, Jf i B T
$O,7/$n0, il $O,”/Zx0, EALFI . £ 96 C BFJE T
1.25% (Jii & 43 %% ) 19 3 P fL I XS CO, 1 5M
MEA R A PERE R E ), EALPERBIN T . KIT-6
> 80,7 /Zr0, > SO, /Sn0,. FAM AL HIAFR
FHE, KIT-6 ¥ CO, W 22 = 150.3%, RH [
1% 33.5%. MEAAFIFIROC RIS RN, HEILTERES
95 TASs. BASs, LASs F1EAHG.

123 E44FF

YF MO, Fl SO, /MO, FF7E LR BV, fL
AT SR AR T Foe M 22 S I, iF5E D
WAL VIIETE . KL L B RSk R Rk S
%, KSR E A, e
FL AL TR 5 e 4t e f AR e A e, 4
J&A Al. Zr. Ni. Nb. Mn. Mo”7, 2019 4F ,
ZHANG %7 RRBE (JUKA R AR R4
215t MCM-41 If 4R ) A B T SZMF-y% 1k £k 5

(yo R FEMAT PR TREW TS, &
65~98 C WF5E T 1.25% (T 4350 ) MIAEALFIXT &
CO, 1Y 5 mol/L MEA ¥ ¥ FiAE VERER S . 580
WAL R R A G, SZMF-10% 1 MCM-41 43 5114
CO, fift Wz £ $2 55 54.7% M1 16.2%, RH F&AK 39.4%
F116.7%. SZMF-10% ") BASs F1 B/LA{H & £ {&
MCM-41 43 348 5 3435.8% F1 7422.2%, L1 %77
i3 Stober % (LAPY A S AL TEOS by iy 9K 148
1 K i RN 46 A B N A Ak Sio, Uk ) A T
SiO, WA K AL Fe;0,@Si0,, HE— it W AHTT
FEHK TIO(OH), U 1 Fe,0,@Si0, |-l & 1 itk
1AL Fe;0,@Si0,@TiO(OH),, 7E 100 °C, S5 AJN
MNMEIEFIRA R, 8% (JFia/4L) () Fe;0,@Si0,
@TiO(OH), W] ¥ ] 1f 11 4 4 2.4 mol/kg #Y 5 mol/L
MEA % CO, fift W 14 2 N i W 43 1 42 55 95.1%
F169.0% .

2020 4F, BAIRQ % i i 482 i 6 ol v W v T
XUZEMRIKIY 3 A FL o T SR . REREHDOZE IR
AKPERE . T BRE, HAERRERTRA T
CMK-3-Si0,. CMK-3-MCM-41 fll CMK-3-SBA-15
3FMEALR . 7E 97 C R T 1.25% (i /%) 1y
3 M AL B CO, 1 5 mol/L MEA ¥4 i Fi-2E M fiE
I, 35 SO,7/Zr0, (SZ) AL FIFEAT X 1L,
TEALEBEHEF AN . CMK-3-Si0, > CMK-3-MCM-41
> CMK-3-SBA-15 > SZ. S A AMALFIIA ZA L,
CMK-3-Si0, HI AN CO, fifk W 33 5 Fl it W 42 43 J31)
L 95.1% Fll 69.0%, RH F#AK 37.4%. S5inA Sz
I, CMK-3-Si0, AlK; CO, i W 33 = Ak W 4 43
ML E 68.1% 1 75.0%., CMK-3-Si0, 5 SZ fi: fk 1t
it 22 S0y IR 2 AT E A9 MSA. FLIAREL . BASs,
LASs Fil TASs 73 5% SZ 1 461.6% . 700%. 95.7% .
418.7%. 63.9%. ZHIBNIE—LHESE T HEALFIFSRC
A, 4 FEILAEILYERE S BASs. LA,
P IE ARG

2020 4E, XING 27 @i B FacHii: (e 4)
AT BA AR ZrO/HZSM-5 fii 7 b (172, 1/4,
1/8) SO, /ZrO,-HZSM-5 (SZ@H ) , 1£65~98°C
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ik 4 A H K 55 31 4

W5 T 1.25% (J5i & 53 %0 ) 19 SZ@H *f & CO, 1Y
5 mol/L MEA W W P A= M BE M 2 i . Y4 ZrOy/
HZSM-5 it bl 1/4 i, AR A S i i fie ik
PERE (SZ@H-1/4) , SAMMAMAFARAEL, AT
P CO, fift W RN CO, it Wt 43 51 42 /) 37% Al
40%, RHPFEML 31%. N, W -WiF 525 . NH;-TPD
M Py-IR B, 5ARMMER HZSM-5 #{ L, SZ@H-
VAL AR b R AL, FLAE . FLAE . TASs.
BASs. LASs/Z; 3] 2 & 116.1%. 522%. 75.7%.
31.5%. 314.7%. 65.6%. & | it SZ@H-1/4 fiEfk
X CO, W W 8 R 25 5 7= A RN R, RS T
SZ@H-1/4 fi# 4k 5 %t 5 mol/L MEA W U ¥k fig 1) 5%
W, 7ERT 180 min, SZ@H-1/4 fEALFIFTE CO, M2l
R 8%, e ARG T CO, KL it
TAFIAHPR L BT, 345 TR RCR .

M4 BTFXHEHE SZeH T &
Fig.4 (a) Schematic of SZ@H preparation by ion—exchangem]

2021 4F, SUN 25" 3 1o ik % 1 1 MCM-41 &
BT £51 MCM-41-SO,H-x L] (x F/RARERRIA
5 MCM-41 Fi&t (mL/g) o B PRk AT KR
PRI R RR L A, Tl MCM-41-SO5H-0.6 FFi
R A AR, 5 Rk MCM-41 i B K
MCM-41 A [, H TASs /3 % & & 1969.6% #il
2405.3%. WK 52— 5¢ fiin, 1E90.5 °C, 5400
EAERIMAR R, 1.25% (FE2%0) 19 MCM-41-
SO;H-0.6 1] f CO, fift M 3 2% F1 i W 1 43 51l 328 &
195% F1 52.6%, RH F#AIX 33.3%. 4nl&l sd—&l 5f fit
N, Bl SR R R B 3 i, MSA & W)
TASs Mg, bt nEmsh . 4 MCM-
41-SO;H-0.2 HEAL A HAT F. K MSA, 7] My 1 P
FUR N )P A 08 I HE T AL, {H TASs S fIG, i
fePEBER 22 ; T MCM-41-SO;H-0.8 {1k BA %
) TASs, {H MSA /)y, SEUEILIERRILT MCM-
41-SO;H-0.6, X FKHMHLM:REIE H MSA I TASs 3
[k i€, H'5 MSAXTASs 2IEAX, #K MSA I
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F 5 TASs BIMEILFR A B A itk ERE .

2023 4E, L1 %7 @ 2 s B — L A
T EA mRaE Y HZSM-5, JF il i iE g et o
A MO, (M= Mo, Mn, Fe, Zr, Ce, Co, Cr) H 517
HZSM-5 [R5 (& L&l 6 s ) dk i
PEE LA b RE, o Mn Fl Mo BUPE S 1)
HZSM-5 18 1k 57 48 1k 1V fE 4 by, (5 3k & Al B —
M, O, [7) 552 3555 1) RH B A A A4 A 50 A 5 25
Z A BAK: Mn Fil Mo 2 #h 42 & [R5 5] A HZSM-5 &
P AR b rEaE , i ETT MoO, Al
Mn’ ¥ Mo-O-Mn [#5E £ HZSM-5 1, 55 T ik
FIEFRETE s i A RRH A Mn/Mo RE 2 AS HL 7%
AW, MAEAF RGN, 5
MO, # L, & JE 2% AR AE R 1w, i H ]
A HZSM-5 (B2, T R4 T Ak 7 ) FLaE
4ik . Hrh 1/16MoMn™ @H ( MO, /HZSM-5 Jif
FbA 1/16, Mo/Mn it H R 3/1) HAT felf A Ak
PERE, S BkA HZSM-5 114, 1/16MoMn™'@H 4 1
TR, FLIARFIUR TASs 253N T 83.4% . 285.9%
F138.1%. SAMAMEALFIAELL, 1.25% (&S
#0) 1/16MoMn™ @H AL ] & CO, 4 5 mol/L
MEA JE W 1E 30-88 °C H) CO, fift W i R F1 CO, fift
B WS 372.6% Fil 206.2%, RH FEAK 37%. 10
YR W W - e A R 2 B, 1/16MoMn™ ' @H fiE b
R ERE IO ARk, B R .

2024 4F, GUO %" R HNR Biig ek & W T B
A A ALO; JiT & 43 0 (10%, 15%, 20% ) 1) Al-
SAPO-34 f#4kFI, 7F 25~ 88 C Wf9E T 1.25% ( ikt
4388 1) AI-SAPO-34 Xt & CO, i 5 mol/L MEA %
WA TERE M o Y ALO; & 43 8CH 15% i,
15%-A1-SAPO-34 fiEfL R A BAF I ERE, 54
IMAEAEFIAR R AL, T CO, fift W 3R Fil CO,
il W &4y W45 78% FI 128%, RH [EAIK 56.4%.
N, W - S286 %, SAPO-34, ALO;. Al-SAPO-
34 1 N, W AR £ 43 0o TR TV R TT A,
FH 3 FAEAL R 3 50 A AL . A FLARTEA FLA L
IR 15%-A1-SAPO-34 i £k 51| (1) [t 7% 1 AR 4 B 44
SAPO-34 i /N 48.3%, {H MSA ¥ K 859.5% . 4~FL
FLARTRIE R 1300% . “FHfLARIE K 219%, 3T
WAL 5 T 55 S R, B T AL
PEfE. NH,-TPD il Py-IR 453 &8, HHEA SAPO-
34 M, 15%-Al-SAPO-34 fEALF f5H R & . BASs
F1 LASs 73 91 4% % 133.3%. 1025%. 791.6%. A
4, LIU 267 30 32 ik 4 T MnO/HZSM-5 fi
kL, JFAE 80 °C ik i 4E & CO, 9 5 mol/L
MEA . R T bbb (B G it Jr i 7= A i AN 2 3%
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Fig. 5 Catalytic performance and structure-activity relationship of MCM-41-SO;H-x catalystslso]

N, 4 A k) e A SRR R T AR (veo, /T
L) B CO, il W SR TEAN CO, fiff W i 1Y AT 40
1677 ¥ . MnO/HZSM-5 i {1k B} veo, /T8 FR AL
HZSM-5 FIEDIE DR 3 51188 55 1.78 5 F1 15 ~ 60 % .
50 A PR ECRL HZSM-5 A EE, fil A MnO,/
HZSM-5 AL IURL ) CO, ff I SV FE WL T6 AL BE 43
HIREAR T 58.6% 1 18%. 1H 6 IKAGIF I8 J Ak 1
B TEREA I NI, R F 2R IEH 2R G
TEALIFCRL ) R ML R N B s , B R
THFURIFLARFR R R, ] £ S AL IFDRHRS e PR 2
Ak CO, EAAFRIAI ST T A5,

WEAL, R 0 A 0 A % TV 1 R
28 45 B A1 43 0 1AL 25 49 R R A6 i ) EE T
B¢, 2020 4F, BHATTI %" RAIBRETR A T2 (i
A1 Y B RE RN B be it R R RIS ) BT R A
HZ-x b5, Hi HZ R3E HZSM-5, x (0.2, 0.5,
0.7 ) R A WAL R il A L8 (Sodium
hydroxide, NaOH ) ¥ RFR AP %50 (mol/L) , 7F 40 ~
82 CHWF5E T 5% (it sr40) 1) HZ-x LRI &
CO, 11 5 mol/L MEA ¥ ¥ FiAEPERERY A, bt
REHEF R . HZ-0.5 > HZ-0.7 > HZSM-5 > HZ-0.2,
SOR T A A AL R 2 A L, HZ-0.5 i AL 5] 7T fif
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ik 4 A H K 55 31 4

CO, fift W 3 % 1 CO, fif W+ 43 1 32 =1 83.4% Al
59.2%, RH MK 37.3%., MHLZF, HZ-0.2 {1k
(AL RE B AL TR LG HZSM-5, S5 R Af#
R = AH ELCR CO, M B 32 57 24%, RH FEIR
23.8%. TEALEEA TR, Ak B 5 4 1b 70 A BCFL AR
T - LA R, BEZE NaOH eI h, MSA ¢
HRJG R AL, HZ-0.5 HAA KK MSA, 5
FEHA HZSM-5 A LT 595.8% ., FEFRSRE J5 i, Fif
HORARERI N, TASs B30, 32 R R itk f5 iR
LS ER R, TERR A Iy T, Bl G R B 1G
LASs B 2 3% Jin, 3 2 5 ok B ik & 44 i, BASs T
R, S30 LASs B EHE K, i A BAiE— 20 Ak 511
PRACHE R AL ERE RS T TG, BRI IERE S
MSAXBASs il LASs+BASs & 1F #H 3¢, 4Rk HZ-
0.2 5 HZSM-5#H I, MSA i & 4/, {H BASs 1
B FEEILERENR TR
2023 4, SUN %R R . B#2 (Oxalic
acid) FI#7 MR ( Citric acid ) 3 F g fil NaOH . ik
iR £ ( Sodium carbonate, Na,CO; ) I NaHCO, 3 Ff
T L HZSM-5 ( Si/Al=38 ) A7k, 85T &
G Xy AL (X Fm et R e ik A s, vy 2o
WA TE (mol/L) ), 7E30~90 C W5 T 1.25%
(& 80) W Xy fiE AL X & CO, 1Y 5 mol/L
MEA ¥R FAPERE R o R eiCHE Rt 53 Ji1) i
I W ER AN RE AR T Ak R i FLES P IR i, ke d
LR AR ERE . T AT FR et HZSM-5 4L
1, Oxalic-0.4 HATfAFIMEALIERE, SAIMAELL
FRZ AL, R CO, i M B A S o 2 5504301
HEE 35% Fl 17%, RH R K 26%. JT A 0% ok
HZSM-5 {4k, NaOH ekt 5 i 4 1k 70 4 Ak e
Refty, SAMAMAERIARML, Al CO, fifik
O N TR R B B R 29.9% ~ 40.3% F
21.1% ~ 27.2%, RH [&{X 22.8% ~ 28.5%, {#E{LPERE
BfifF NaOH {4 173 B 5 18 in 5 98 /> : NaOH-0.4 >
NaOH-0.6 > NaOH-0.2 > NaOH-0.8 > HZSM-5 (38).
FEFLEEA 7T, NaOH-y AL 55 [R] ik H A S FL A A
fL, BlF NaOH ¥ B 38 0, MSA ¥4 hn 5 sk 2>,
NaOH-0.4 A5 £z K 9 MSA, % £} {k HZSM-5 2 &5

- = - =
HNO, treatment . Calcination

111.4%, NaOH-0.4f # K1) MSA 7] g & HAE T f
Pk A o0 A b R0 R b M BE B A R R . TE
TASs J7 i, FE# NaOH ¥ JE A, TASs % #i )i
/b, NaOH-04 ) B/L{H (5.8) % £} & HZSM-
5 (3.7) W8> 36.2%, X PIHER R THRAL B S RELL 7
A
1.3 F1ZE SACs

FrEEReERET Y, QMY EL

( Attapulgite, ATP) . ¢ it &1 ( Montmorillonite,

Mont ) FIifEHIf1 ( Sepiolite, SEP ) 5. Zh+1£ H 4R
GirpfigaEE, HAMAMN., EAHE. Boets
U SR RT IR L AR AR, R AR A
W B3R 32 R T Tolad ™, edh, B2k
SRR T RIS FRELR— LB
BT (Si, Al, Mg, Fe) , [RIIN7F7E BASs I LASs.
I, ZhtE— R BT L EE A WP CO, fif
% () SACs™,

Mont 1] —Z ALO; /\HifA (O )2, O0ftF%
VR Se e EREN R (T)Z2, TAE M
&) ZIEM =2 m&45H (TOT J2) 4. TOT 2
() e B F 7l 2T TOT 2 22 ] i BH B 7 (i
Na'Fll Ca™*) F-1fif . )2 6] BH B T 7 e ey, {45
B R IR T T 3 2o 5 R B 4 i 1 TR B - AS T
JE5 . 2020 4F, BHATTI 2% ¥858 T 5% (4
) ) Mont X CO, 1§ 1 (] 5 mol/L MEA ¥ Wi 7F
40 ~ 86 C FHAEPEREM M . 5 AL & R A1
b, Mont fii CO, fift ¢ & 2 & 13.4%, RH [ A%
11.9%. Mont fEfb 1 REHE 22 19 I R ] BB & i T4 41K
[l MSA (17.75 m’/g) I % > 1) B8 £ s ( BASs:
0.002 mmol/g, LASs: 0.157 mmol/g ) . FifiJi BHATTI
2075 2 i Ak, ( HCIL, HNO,, H,PO,, H,S0, ) Fl1ES
F2H (Zr, Cr, Fe, Co ) 77442 Mont fILIME
e, TEFTA AR, H,S0, ttt)5 i Mont (SO,
Mont ) B i if L PERE, 7E 40~ 86 C, 5%

(53 %0) 19 SO,-Mont AL 5 A0 A4k 57
R ZAM I, TS CO, M 5 mol/L MEA A Wik Y
CO, fift W 3 R Fl CO, fift W & 43 il $2 & 171%
79%, RHFEAL 44%. 5 B4R L, SO,-Mont [

M@HZSM-5

6 MO, B I8 HZSM-5 & fm &
Fig. 6 Schematic of the synthesis of M,O,-modified HZSM-5""
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MSA. fL 1K Bl . TASs. BASs. LASs % %42 &
480.5% . 248.5%. 93.4%. 5950%. 112.7%.

SEP F=E fy SiO,. MgO il CaO £ i, Higsr
TN Si1,030Mgg(OH)4(H,0), * 8H,0, A A 4l =
JNIEAREER , LA SiOs 1 =4 DU i A4 FoR I 2 AL,
5 Mont A R 2 REEH, (H/\ RS2 8w F
Mont, SEP Jy RIS IE A /D EH A, AR
MU ff A4 Rl [RIESE, SEP 3¢ 1 A9—OH A1 &S
TFRA TS S5 F N, K GIERZEE, b
t s AFTE MO, F1 3 /K, SEP [l i A7 BASs #l
LASs, LI FARPERT{EHE CO, Mg, ATP #it 4y
T3 ALMg,Sig0,0(OH),(0OH,), * H,O, 49K 4
RS PR 42 8 25/ \ TR A TC A7 32 422 0 ek R 66 Dl v K
WAL, ATP BRI HAAAEBHE F (Si, Fe, Mg,
Al) | BREMUK T, KL ATP [FIEFEA BASs 1
LASs, FEERIJE, ATP WU A8 FH A b2 md /4R
JERHE 10% ~ 20%"", K-10 7] 3@ o 1% Ak 56 1155,
R TR YE . ST EE AR, Bk
S48 SACs, 2022 4F, TAN %R 5% T 1.25%

(%0 B9 ATP, SEP, K-10 & CO, [ 5mol/L
MEA % AE 26 ~ 88 C FRAETEREM M, fEfLMERE
HEF AR : ATP > K-10 > SEP. S A AL A Z
FHEE, ATP MIIIACKE CO, fiff IR T 5 RN A I 70 Sl 2
15 57.2% 1 50.2%, RH &K 32.3%. ATP 7£ 3 ikt
B e K MSA FIFLZS, 1 SEP A fFL AT AL,
MRS 22 e TR PERER = (k. B, %
VA BAGE 3 11 25 45 8 (Sn, Ni, Zr ) #F—2545 88 ATP 1)
HEALTERE, b 1/2-SnOy/ATP AL (FRBUBRbEL
A WL SnCl, - 6H,0 FII ATP Filt b Ry 1:2) B
AR AL TEfE . 1/2-SnO/ATP 5 £ & ATP #H
lb, MSA. 8RR A 5 . BASs Ml B/LH 43 %Il #2 =
22.7%. 37.5%. 94.4% . 109.1%. BASs Fll MSA AY1%
IRl g @2 B 2 5 P4 8, 8 MEACOO™,

4,4’-Bipyridine

Co?
«,,fj') ‘0

1~

Q Wm

b 2 Qs ( "WWW@%

RGBS

HCO, il CO," L Z R FibfT 0t . S AMIMA
AEFIMA R A, 1.25% (FiE2%0) 1 1/2-Sn0,/
ATP A & CO, Y 5 mol/L MEA ¥ & 7E 88 °C ¥
CO, fifk W 78 R F A W o5 4 S 2 55 57.2% F1 50.2%,
RH P45 32.3%™,
1.4 £RE/HEM-BHHEZRMFIZE SACs

T 3 IR Y B T A A 1 4 e o T
AL R B e A P R AT sk B 25 PR R LI B 2E
BCALBR R BN L R A N R, I R
T4 8 58 RE N EE 85, SEIEEN S5
TR, Ht, GREAFEERAS. &RmH
FL RARE MR s s 2 A AL T CO, f# IR 2L AR
SRR

% JE—A HLHE B2 (Metal organic frameworks,
MOFs ) K HATAE Wy —Fi i 4R B8 7 5 4 7
APUBECIRL R Z LA R, B R MBI LB
E R I N T R VA=W S | = el i A v
MOFs HA F & AR &m0 S, Aty
FORT A LASs™ . 2022 4F, XING 2%y 8[& 7 7
LA T B RS 1 um, JEEE R 5 nm (9 4
(2D) % - B Z= ik 98 KX i (Co-N-C NSs) .
Co—N—C NSs B A i JE 40 8 f 3 5) 43 Ai 1Y
Co—N, 45 . Co’ HIkHIFEM—OH. Co—N, 454
FR) 53R TE A5 255 1 BR T Co W b 15 4 3k =22 ] Y R 4
BELLE T35 PE R AT AR SR TR 25, s T Ak 71
FasEtE, HANHAN Co M fEA LASs, Co’ 44k [#1#%
YE Rt o, AR T 3 i SN R 5 R
B —OH A T — /K Em, BERS TR
7 A 0 1 PR A B AT B, AR BASs R T
To FE 25~ 88 C, AT A ALK R AH L,
0.1% ( Fi43%0) By Co—N—C NSs A5 & CO, Y
5 mol/L MEA IV CO, fiff M 8 S5 1A WL i 53 31) 44
15 281% #1 83.5%, RH F#AIX 52%. 20 Y% LE M-

HNO,-Cobalt
4 etch
), m— TR

Nanosheet

Ultrasonic y
. a
separation

Hetch 77777
R , OCO
{J}}J} o9 §i3 35%0 0* 0 ) 06 J C]
9‘
ss&” ){%v‘ i }"*}ﬂw 23y Yo
8™ '@ N

B 7 Co—N—CNSs & & # %

Fig. 7 Synthesis route of Co-N-C NSs
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kB H K

F31%

ARG, AR ERE R & AR ARk, &
W EA BAFIEFRFAE M. [F4E, ALIVAND %™ %
M REAL A K 7% (Fe;0,-COOR) 1E MR, A
[i] MOFs #F 17 [ 414 A& i 7 B AT Tl A FL 45 44 19
Fe;0,@MOF, Jf il if #i M2 1L 51 A BASs. H
0.1% (JE &34 ) ) Fe,0,@Ui0-66-SO, EL A7 %5 i
AL AR MERE, 7F 40 ~ 88 °C, SAMMAMALFIAZR
AHEE, AI¥F 5 mol/L MEA AW RH FAAK 45%.

A A HLHEZE ( Covalent organic frameworks,
COFs) s&—Fi A LM AL, FEH H. B. C. N,
O R n M ML & . SEEn LAk
HIE, COFs B H T # (AESR 254 | 8 i 2 T AR
AR ALR T )2 B H TR B . COFs Hr
L] 5 4 TR BB 454, B m AR R e
PEES 2022 4, LIZE D) 1,3,5-= (4-G K
) R R RN ETIRGR, FEEE T AT
& & A OMLHE R A AR 0 G 2 AL B A L)
(Ni/Fe@COF ) . 5 — MO, #i Lk, && MO,
JCR A HL TR M Y 22 T 0808 T 408 B 7 J5 BBl i
TFROAZZS, AR IE PR AT . N, - B 5
260, 5 COFs #fIt, Ni/Fe@COF 435l b 22 fi
R LR BRI AL AR o 0 $R i 116.5% . 420% F
109.9%, FLEA5H st R T3 N8 8% T 5O Hr
TWEPEOL S B . Py-IR 25 & P, Ni/Fe@COF 1)
BASs %% NiFe,O, #51 1 250%, XJEH N1E NiFe,0,
VH #%H COFs #1f , Ni-N-(Ni) B Fe-N-(Fe) (1 it
{ifdi LASs #5464 BASs. 7E 30 ~ 88 °C, SAMALE
ERIRZA L, 0.125% (Fi&E453%0) 1 Ni/Fe@COF
A8 CO, 1Y 5 mol/L MEA ¥R 1 CO, fifk W i 2
FFE I HE S 114% M 30%, RH [EAIK 57.5%.
1.5 HE#E SACs

BT ik SACs, iTLLAR4fE T —2eH Folmfb
CO, MWL I BUAE AL, L INGS iR . BRI R B
B, BT, TEEEYSE.

WFE N B3 pH F2 428 1 KA A st e V75 P e
FE: 7RISR & W I A HLER SR B AR R pH i
HE CO, FfM, W 58 B IR 8 A R 22 36 B (R 25
fn DT DS R, WG pH B IEH, #E4T
TR f# R AERR . 2010 4F, FENG 25" fifi ]
“MEmR (F . AR HEBRMER ) fE 25~
95 C L HE4E 2.0 M () MEA 5T . Hobe —RA
WP TERE S5 A I A AL R ) 1R R A L
40% ( Jit 53 40) WI=F R 1K RH FRIK 70.5%. IR
AL ZPIBAFSE T RS RR (O R . E R, 4B
W ER RN AE 95 CXF MEA., . Z P i
( Diethanolamine, DEA ) 1 MDEA F- 4 1 B8 1) 52
108

Ml SAMAMBAFIKRRML, 1.5% (FiEs%0)
f) & R AT 2 M MEA ¥ RH F&1I% 51.7%. 7E
pH FEEE VL, PRAR G DL 2 Bl R 2R IR R 1Y [%
%, St SRR AT LSRR 0 5 4 [allie, SRTIAE
SEPRIE LT R TCIE LB . AR, T
TRTER R TP A AR, R AR R PR AL E
0 °C, WA MEEIREE . Mk —LaroT T IRsk
AT WG P ERE RS, 25 R AR R A X
I WAz 7] W A e A 5 R i S TS R, LA 0.4 MY
MDEA &N, 3% (JFiEsr40) O R WILRE
TIREAK 50% 2o o A5 LR BRI 2 s B AL 1) ) W%
WCPERE TR . P& rh AN EREE 5 Ye ) J5, AT BR
1T HAERAL CO, MmN

HND-580 Fll HND-8 {4 71 J& — 5 A 1 15 1
BRRAEAET,  AEAEAL SO A mT AR Ve 7 1 R X HY
BN T R X | IS W 70 X SN S S B
B SEE, ARk BN T AL A TR A IR
VW R An MEA- ( 2-(Butylamino)ethanol, BEA ) -
DEEA., MEA-2-Z &5 % ( 2-(Ethylamino)ethanol,
EAE) -2-%F&-2-H 3E-1-A B ( 2-Amino-2-methyl-1-
propanol, AMP ) I MEA-EAE-DEEA %5 . 2023 4F,
SHI %! f£ 85-90°C T #F%% T PUF SACs (HB. H-
mordenite, HND-8 Il HND-580) X% 0.5 mol/L
MEA+2 mol/L EEA+2 mol/L DEEA =¥ #I1A& 2 fit:fk
FRAEMERE W, I PEREHE Y W1 F . HND-580 >
HND-8 > H-mordenite > HB. 5 AN A AL 1944
Z M, HND-580 A CO, ¥ 2 fift Wt 1 %K 42 &
32.2%, RH (K 24.2%,

WA R A L0 S RE L e RasE . &
Fo SR T AR A AT T LB R, 2z N H T
KL SRR AT Bk R X
F . Cu’'. Cr'", Pb". Cd™"% ¥ H A Hom 0 g fft
SERSY, I HEWE B O B0 i B R £k 0-0 &1
PRI, BRATELATTE ST CO, AR VA R F [ Iy 1R B 19
BRI (413 MEACOO . HCO, . CO;™ Fl
MEAH") S A AL i 842 "7, 2023 4F, 114"
TE 52~ 98 C WF5% T #% 4 F 0 ( Carbon molecular
sieves, CMS ) . ZfLfix ( Porous carbon, PC) . AJH]
B REH 1 £ BEBR 9 K % ( Carbon nanotube, CNT )
AT B XT H CO, 1Y 5 mol/L MEA V& i FHAE MERERY
. BT BRMR CONT B fe b e e, H
ANFEEREAIN CNT ML HEREAHLT , SA AL
FUARFLL, 0.15% (FBiiE4sr40) CNT 1l CO, fif
W i 45 62.2%, RHBEAIK 40%, S i 1% £k AE A
83.4 kJ/mol % % 68.7 kJ/mol, 20 Y& P4 W Wi i
SCG R ONT AL PERE LA TR, BA R
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MR e, N T 285 CONT i fb i aE,
1% P B\ 8 5 [ AR SO,”/TiO, 51 A %] CNT 1,
TEARRIZAE R, 0.5% (M8 19 S0,7/TiO,-CNT
¥ CO, % WE B4 5 82.3%, RH FEAE 469%™,
2024 4F, RAO 25" 33 o 18 75 4rb S0 08 0% 375 s — B MG v
FB L2 T SiO, AR, F15 FeCly FITHIAR
(e #BL) IR A I B il % T SiO/BC. FSCI,
FSC2 Fl FSC3 4L 57 ( FeCl, Al SiO, ¥ Jii ) H&: L 4y
HM 0, 025, 05, 0.75) , K 1% (JEEDE) 1Y
5 R AL 7 FE 65 ~ 90°C F Tk 15 4£ & CO, 1Y
5 mol/L MEA ¥ Wi, fEALMEREHEF W . FSC2 >
FSC3 > FSC1 > SiO,/BC > SiO,. 5 AH0 A4k 7 {4
ZAHEL, FSC2 Tt CO, H5e KA W 3 5 F it W o 5
I 48% F135%, RH K 34%, EfkIHES TASs
FUL/BAEH A IEAHSG, o, L/B{E Stk
(B SCR 5 DA S5 AR, % AN v BB AE
MR 2 5 O ARG PP &2 75 2L o LASs
5% MEAH'BY T3 @ MEAH "1 2% it 1 & i b
MEACOO 173 fiff e Z2 58 = TG AL RE
PH B A b g PRHE R G iR Pk . B D
AL Y P A 3£l L AN L AN i P
I o BH B F 2 #A0 BR BB ZE /K A FE T fiEfb
N, FFEEATRMEA A, RIETER R CO, RN i
5. 2017 4F, ZHAO %" BF5Y T 8 ¥ 2c e vl g
( Amberlite FPC3500, Amberlyst15, Amberlite IRC86,
Dowex MAC-3) ., HZSM-5 Fll y-ALO; £ 90 °C X #]
4 1 174 1.0 mol/mol 1) 2.0M #6i 24 FiZ ¥ ( Lysine
Potassium, Lysk ) 7K 5 AEPERERY 52 m . Hovr,
4 Tl A5 JIg 19 1 Ak M BE 3 I8 T 2 PR 1L 48 SACs, H.
Dowex MAC-3 EA Fbr itk itae. SAMAMHLL
R R R AL, 33.3% (JiT & 53 %0 ) Dowex MAC-
3 AP CO, fRME EE R 154.2%, 2023 4F, SUN %'
KA 4 ®p fH B 7 32 W BE  ( Amberlite IR-120,
Amberlyst-35, Amberlite-732, Amberlyst-15) 7E 25 ~
90 °C fEfL 4 & CO, I 5 mol/L MEA T . S5
A Ae R R A E, 2% (T 4 5k)
Amberlyst-15 AW e K CO, fiff M 3 8 ik W £ 5331l
P55 9.7% M1 21%, RH FFK 17.7%. 5 IRTEIHRFa &
PRSI &% B, Amberlyst-15 f £k B JC B A8 1k
HA BRI BARHE L et e S5 Hi L
PEREVEAT CEE A, fE4L575Z MSA IR %5 =[]
YEF 52 o
BT EAREMY . RS H R S5k

FFEEDE A, A PR AR 500 45 e Ak 2 1z
W, AR DL ER 4 B O 0 SACs X AR FIERES FE
AR . BT B2 IR, RN

Wb E, AU LS SACs T CO, AL i 1 .
2023 4F , HE % "Ml ] 0.2% (B & 4> 50) 1
[EMmim][NTf,] 7E 30 ~ 85 °C fiEfb Fi 4 20% ( Fit
S80) B MEA W, B FIRARA IMA G R 7 T
KB EK CO, MM R Y fa], I8 Fec K CO, fif
W o3 R I e 43 ) B v 175% 1 88.9% . 50 KA
IRSER T, WG W i E AT Ak R A P B TE A
AR, FEUAEAL AN 2 R WS B 7 A SR O EL
B mRaE ., 2024 4E, SUN 4™ 7E 25~ 90 «C
ST T DKIRSE B P AR X E CO, 1Y 5 mol/L MEA ¥
WA ERE R, 5 AR IR R A,
2% (JiEE43%0) % [Bmim][PFe] AR CO, MM &4
51 21.4%, RH FEAIK 17.2%.

KR (Fly ash, FA ) JE—Fok [ & f) Ay A&
Y, FEH Si0,. ALO; Fl Fe,0, 48, H A%
JEw . HRMAK, FLESHI T R MEar AR AR
R A, & — MR w0 R Ak ) 2k 4k
2024 4F, NIU 2" % FA HA 10 S 00 Ak fig i
AE, 78 25~ 88 C, S5 A I fb# & R M L,
0.25% (J5i 43 %% ) 19 FA W6 5 mol/L MEA I W
1) CO, it F $2 %5 66.3%, RH FEAK 39.9%. Fhf5,
Z A BA LAV K A B R S A JRURHE 2 12 Wi %) FA i
7o P& B T &3 SO, /Zr0,@FA-x/y i 1k 7

(SZ@FA-xly) , x/yft 3 ZrO, Ml FA iy i & [

(x/y=1/2, 1/1, 2/1) , SZ@FA-x/y ] BASs, LASs.
TASs FUSTRA S HERHA FA S0 BIHEE 87.4% ~251.3% .
31.6% ~181.8% . 94.2% ~445.2% F1867.4% ~1 383.7%.
TEFI R R 5610 F , SZ@FA-1/2 AL ke /by, 5
AIAEEFIE RM L, 7B CO, fif W 2 45 =
77.7%, RH [&AK 45.4%

218 (Red mud, RM ) EE 4k, 4. k& b
WA, NRRER AT, TR EER 1.755 420,
SR LA B Sk 1 Tl LA, R
B RM ff B . AR R S s 2 18
P Ak T e 8 TR A O T R B K A N R T
2023 4F, LIZ™ 98 7 AR ikt B9 RM X 5 mol/L
1Y) MEA V5 7 W WS A g I P RE B 2 . 5 A
RM KR AL, A 1.25% (i 2r%0) 1 2.5%

(FR%0) RM K ZR B CO, Wk om 25057k
1.26 F1 1.49, 1 — E WL H N, MEA B P
RM V& BE G, X6 CO, WA 345/ AR I & . X
AT RER R AR B/ N BURL (< 10 pm ) JH 3 2R R0E
SR/ T SAHFRAH Z (B R 2 R, N T
B 7, Hn TA& R R 8. e, ki Kok 7

(> 10 pum ) 3 & A7 Bz 2 AE R S TR T8 R
i, AEFFAH S CO, R4k, if— L Hiomit
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Table 1 Comparison of catalytic performance of representative catalysts used for CO, catalytic desorption
A7 sl MEREE/C A% WORERE /% MR/ MRS %30k

Dowex MAC-3 2.0M LysK 90 333 — 154 — [111]
Ag,0 5M MEA 40~ 82 5 — 52 — [32]
Ag,CO; 5M MEA 40 ~ 82 5 — 74 — [32]
SZMF10% 5M MEA 65~ 98 1.25 — 547 60.6 [77]
SZ@H-1/4 5M MEA 65~ 98 1.25 37 40 69 (73]
SO,-Mont 5M MEA 40 ~ 86 5 171 79 56 (88]
MCM-41-SO;H-0.6 5M MEA 90.5 1.25 195 52.6 66.7 [80]
ZrO(OH), 5M MEA 30 ~ 99 1 — 83.8 — [38]
Co-N-C NSs 5M MEA 25~ 88 0.1 281 83.5 48 [96]
Fe;0,@Ui0-66-S0, 5M MEA 40~ 88 0.1 — — 55 [97]
Ni/Fe@COF 5M MEA 30 ~ 88 0.125 114 30 425 [100]
1/16MoMn™"'@H 5M MEA 30~ 88 1.25 3726 206.2 63 [74]
$O,” /ZrTiO, 5M MEA 40~ 90 1.25 — 4.6 70.9 [44]
1/2-SnO,/ATP 5M MEA 26 ~ 88 1.25 57.2 50.2 67.7 [93]
NaOH-0.4 5M MEA 30~ 90 1.25 — 403 71.5 (83]
CNT 5M MEA 52~ 98 0.15 — 622 60 [109]
Amberlyst-15 5M MEA 25~ 90 2 9.7 21 82.3 [112]
[EMmim][NTS] 3.3M MEA 30~ 85 0.2 175 88.9 — [113]
EAR A 5M MEA 88 5 — 36.2 83.7 [84]
KIT-6 5M MEA 9% 1.25 150.3 — 66.5 [65]
SZ@FA-1/2 5M MEA 25~ 88 0.25 — 77.7 54.6 [64]
FSC2 5M MEA 65~ 90 1 48 35 66 [63]

5o 1B AS [ FE Y RM fiELFIZE 88°C AL
2 5 mol/L i) MEA ¥ W, 4 RM Jit & 70 20 A
5% B, SN IAR R A L ADEE CO, fif it 1
5 36.2%, RH [#IX 16.3%.

2 CO, ENERIBHR

2.1 (EGEERRIRIFIE RABAENE
WSCHR TR, CO, fift Wit R v K 3 R 9 5 2

R AR R MEA jﬂﬂ CO, KL FmE k-
ﬁl’r%;ﬁ;ﬂﬁﬂﬁ PEE AL, X —#HLH 2 CAPLOW 7
1968 F5| A, FHAE 1979 @EE DANCKWERTS Tz
WO R L (1), MEA Y5 CO, B A i
MEACOO #il MEAH", It4F, #8843 MEACOO 1] 5
KA HCO, (2 (2) ) ™)
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2MEA+CO, +— MEACOO +MEAH"* (1)
MEACOO +H,0 <— MEA+HCO," (2)

& CO, 1 5 mol/L MEA 1 W& 1) A& it 7 3-8
M2 IR MEAH 122 FAR RO (St
3) Fl MEACOO i (Jemizl 4) o 245
ORI, S B 73,4, 15.5 kJ/mol ™,
MEACOO 1} 43 fiff 52 v e BEH AT MEAH E’J%ﬁ?
BN P R, {HJE MEA B8R E FE KR, B
TR0 5 MEA 45 & 4E i MEAH T A /& H;07,
TR R R A, S 2% Ok SR
MEACOO "™, FLA CO, it Biit i ik (120 ~

140 °C) Al (3) —3t (4) $ftRER",
MEAH*+H,0 +— MEA + H,0" (3)
MEACOO™ +H;0* +— MEACOOH+H,0 +—

MEA + CO,+H,0 (4)
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HCO; £ CO, fW it #rh i 7 2 fpffa. @
HCO, fE N F32 4k, 2K MEAH" L JiF1b7™
HERET, A SERIR (H,CO,) , H,CO, ZHUBEIK
CO,; @ W T HCO; B/ F MEA 1 H,O Z [H],
AR AR = (3) i 2 P 4T . MEAH'
T4 HCO, JERL H,CO,, H,CO, BT
25 H,0 JE i, HCO, il H;0'. HCO; 1E M i k5] 1%
A AR SN AT A, AR A e A Y S
BT 2 ATy KA, BEIR T RN fLRE, &
H CO, R REREREAE >,

MEAH'+HCO; +— MEA+H,CO; (5)
H,CO, +— H,0+CO, (6)
H,CO;+H,0 +— HCO, +H,0" (7)

B S NE . AR B, BUK AT [ 4 S
CO, == HCO, i A J&: & & H iRk . MDEA fE N
CO, itERH BBz —, H CO, WL 4N S
X 8", MDEA 5 CO, R4 HCO, I MDEAH",
HCO; 43+ r 5 I e s 22 (I T MEACOO ™, A LA
e AL AR RERE IR T v ™

MDEA+CO, <— MDEAH'+HCO;  (8)

B T ARAC R DTS, AR T b (s R
AR SR AR IR W] A 24 R AP e VR ) P 2B BB .
X (9) —= (10) , TERFRHBUR AT IR
K CO,, 77 HCO; , HTRUA HCOS AR 1Y
59T AN, —HBEATE B3k, $:52 MEAH'
LR F A AR B, i AT AR S A AR R s
MEAH' L i1t &, It CO, fifme #i R, A%
TR R fEAE,

MDEA+MEAH® +— MDEAH'+MEA (9)

MEAH'+HCO,  <— MEA+H,CO, (10)

2.2 EAFIELERREFIERBENE
2.2.1 AR I A EALE An B CO, MR K

W R AR A7 e X PR RE A 8K
FSZ IR AR U R, K G AL R -
5500 2 R P v BT R A T Y LIANG
&l oo ke KB A MEA/MDEA 3457, CO, fiifk
SRR F ik 25%. DKM 5 BEME R &
TR SRR, AR IR E 73 8 H B AN R A B
ia SN T A R AL, RS TSN AR A
B, s TR FREY AR, P B R
XA R, FEMNER T CO, M ff Tk
$[133—136]O
2.22 BASs #1 LASs 7 B i v 7 oy 18 Ak B A LR

TEAA B W, LA 5 mol/L MEA ¥ Wi M 1]
SACs % [fi 1Y) BASs 1] & MEACOO 42 fit i 1 & %

MEACOOH, [A]ff2k )i+ /) BASs i1t MEAH ()
E A A R B N IR G A& 1, BASs Y
MAVERRLER IS (11) — (12) FrR"7,
MEACOO +HB* <— MEACOOH+B (11)
MEAH'+4B +— MEA+HB* (12)
LASs il # AL 8 i 17, &EETA
R THE, BBISHESZ MEACOO ' N R T IK
XFHL -, LASs B9 AL AE AL an =X (13) —=X
(14) FR7,
MEAH'+L <— MEA-+HL" (13)
HL'+H,0 +— L+H,0" (14)
=k (15) FIE 8 o, FE/K W 1 LASs I
BASs FJ AH L EE 4 . MO, RE 7 /K 7 W A 2 W% I
H,0 JB IR S a7 4 BASs™ "

O O 0 0
\\S// N\ Bronsted
Bronsted acid vis bas N aci
O/ \O ronsfc aci Lewis baA\eO/ Oa”?’,t_i
T W4 T \ AH:
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