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Research progress on porous materials for capturing carbon dioxide from flue gas
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Advanced Materials and Chemical Engineering, Taiyuan 030000, China)

Abstract: The CO, emission caused by fossil fuel combustion is one of the important reasons for global warming and ex-
treme weather. At present, fossil fuel is still the primary energy in China and CO, emission remains high. The use of low-
cost and energy-efficient CO, capture methods can effectively alleviate the occurrence of above situation. Compared with
the alcohol amine solution absorption method, the adsorption method has the advantages of low energy consumption, less
damage to the equipment and excellent cycle stability, etc. However, the adsorption materials usually involve a complex
preparation process and the cost is high. Therefore, it is urgent to find a kind of new adsorption material with low cost and
excellent CO, adsorption performance to achieve an efficient CO, capture. In this study, the properties of ideal porous ad-

sorption materials are introduced, the influence of other gases such as water vapor and SO, in the flue gas on the CO, ad-

Wrfs HEA:2022-09-23  fEEIAHEA:2022-11-23  HEHRE: B/ DOI: 10.13225/j.cnkijecs.2022.1372
EETB: v Wi B bR 5 L TR B & ¥EBhI0 H (2021SX-FRO02); H Je g A ARl 55 2% & T 9% 4 W% B E-" 1=

IrﬁE (2022ZFJ H004) B ‘ ﬂm

YEZ /I RN (1999—), Lo, INPEEFEN, A5t A . E-mail: zhaozemin0630@link.tyut.edu.cn

BIAEE TR (1985—), %, PG AN, #4%, T F0M, E-mail: jingjieying@tyut.edu.cn *ﬁ
S| AR R R, B, S 2 LA R A AR GE R T R AR BRI 5T 0 R (0], R 2 3R, 2023, 48(4): !
1715-1726. *Z?ﬂlﬂu

ZHAO Zemin, GAO Huimin, QU Ting, et al. Research progress on porous materials for capturing carbon diox-
ide from flue gas[J]. Journal of China Coal Society, 2023, 48(4): 1715-1726.


https://doi.org/10.13225/j.cnki.jccs.2022.1372

1716 # % F #® 2023 44 48 %

sorption performance of porous materials, and the ways to improve the CO, adsorption performance of porous materials
are mainly discussed. Porous materials have the advantages of large specific surface area, and adjustable pore size, etc.,
among which the silicon-based mesoporous materials and activated carbon have low prices, and the MOFs materials have
various functions. These characteristics make porous materials widely used in the field of CO, capture. However, it is
worth noting that the molecular sieves and silicon-based mesoporous materials are highly sensitive to water vapor. The
MOFs materials are less affected by water vapor than the molecular sieves, but their adsorption capacity is relatively low
under low pressure and their preparation cost is relatively high. Activated carbon materials also have disadvantages such as
low adsorption capacity. Therefore, various porous materials need to be constantly modified to improve their adsorption
performance, and most of the modification methods of porous materials focus on pore structure regulation and surface

modification. Future research needs to further explore the internal mechanism of CO, adsorption by porous materials and

the synergistic regulation of surface modification and pore structure.
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Fig.1 Relationship between CO, adsorption capacity and

desorption energy consumption in different reactors!'”
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Table 2 Component content after flue gas desulfurization'”
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g VU RE (TETA) Sk, SR 25125 18 i KIT-6,
AT IR B KIT-6, BOME IR %4530 A e R B 7
EIRUCMERTRY 3.2 £, Hgead 5 I MH#T 6 R 5,
B A PEAIR T 3.54% . K IAFAERTE 43 43T 0 i g
B RE S M AR K. KWON 2510 53 1o S 86 R 5% 4 B,
AR IE T BRI 5 T Wk A i Bk M, BEAS T X HL,0
AR RFE, 78 25 °C. 10.5 kPa 544 F AL B BE ALY B
A1 X CO, 1YW B 75 & 1T LAk 3] 1.28 mmol/g, 1 5
A1 0.86 mmol/g.

B> 10— R E A B AR, B R
F ool A=, Hodr, 13X 1 40 i 78 28 % BRHri 4
MBS T CO, BBFSE s b i WL (B Sy Sk vk
W FREAA R}, H TR S S W R, W A o O R R
RESZ K ZR ST MK, 3k — [ 8RR T A 40 I /e
MR COyo Xt T A 43T R U, Unduf X
MR TR B CO, M2 s e i bt L HR7E
IR ZESAFAE T $ 055 43 Ui 19 R oF 1 iy 2 2 oA ke 52
PR CO, 43 Bl AR R ST B A
32 BHENILAR

G510 ZHL AL REA L, AL A RE BN
W HA R LB REIEAFLADRHA HEA e
AR LR AT . & R RHME R 515 . 5 TRtk
S N Bz R T R SR AR
FAHET R CO, WM T I, BARREIEA LA RLEL
A R Y L TR, (EL Hy A R o 3 R L g B o
3, R 25 L BB A A e AR o 25 o LA
%o Aol ak JE A FLAT R W B AR, AF5E A 51 AR
Sk | JF R EA B R LBRES R I SR AL R R L
B4 4 R SRS O AT, BT RE LA FLAA AL 32E
BRI A AR AR E T B

L MCM-41 1 SBA-15(Santa Barbara Amorph-
ous) A AF A FLAE 2R AA iy T 5 AT B0 00 1 e 5 AL it
S50 . FLIRBUR, Wom AR 25k Be, AR Co,
R BT e 82 A R R AR S R T 2 56, YILMAZPY
FFHE 5 v (R RE R A5 B T e B ek ot A5 1 ) MCM-
41 Fil SBA-15 /L A baik, HSLIeas LR, ¥
JHe E5 £ A EE 2% 1 R AT £ & CO, I M RE . ZHAO
ARSI T S T R SR R, F & T —Fh LA
FL 5L E SBA-15(p) S A4 3 B IR e (PEI 11
VU 20 Tl (TEPA)) sCPE R BREAA Ak, %o ol 2 17 [ 4
R W B A AL TR AT T 95 4K ) 27 R 2R B AR 1) )5 L 43
Mo BFSR 25 S R, 78 5 (9 0% B 44 8L, PEL
30%(J5 1243 %0) 1 TEPA N 40%(J5 & 43 %) /) SBA-
15(p) HA R i COAf 3R e J1, 75 °C. 20% CO,/80%
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N, 54 W 2544 4.64 mmol/g, 14/l TEPA Hyf
A LAESE CO, W BN 25 1, B FH 38 5, T B 4
PEI 2, ] $& i W S bR SRR B e o . LIu 2507
WEFE T I L6 W2 itk 1 — Akt (PEI-— %1k
fif) [ CO,. N, 1 H,O WU B e 8l J12% . BIFSE
5 R WoR, 76 70 °C 5T, PEI- Ak ik W B 2
CO, M it 75 B mT LAIAF 2y 2.30 mmol/g 3 Hif HA
A e B W B R, AEARBLIRIE AR E R, PEI- %A1k
REIR I b KOH A ik (1) 36 P4 7 B e 1) E 4214
BAT % P 3 5o 1 3 2 R vk & B T A FLRE I UK
(Mesostructured Cellular Silica Foams, MCF) 1f S} il 5
e e W R4 Ak R 2R FH AR 3 CO, 0 S5 SR ZE I, Fr T
KW = A MCF =3 H L 519 CO, M B RE, =
Re4zRE MCF 7£ 25 °C N W 2 T RT3k 2.07 mmol/g,
b SBA-15 445 A4 2D 22 FL.45A4) 1R W2 BFF 25 o 1 45%
LASHAKI %5 53 &5 1 7 6 f A [7] L 4% AL A LAY
SBA-15 A ALREZRAAR, WF5T T FL IR 254 X6 LR B
REMSEIN . SCIOEE R, KALAE (10.9~14.5 nm) £
FIF R 1 28, %) CO, WA G . 5224 Jm
PERIEE 2L A R P B R SR E Y, 5IA
4 J T S S B R R B, B2 H: CO, W B
fit. KUWAHARA 25058 550 zr 8 A — ALk
B AL B AR R B, SE T4 58 PEV Ak SE &
W BRI BRI RE . P T Ze B9 BTN, R
A T A R RS E L, R LR B AR Fr R o 5 o
A PEERAS 2 T $2 . Hrf PEI/Zt7-SBA-15 7
10% CO, 5514, Wi v 15 %] 1.56 mmol/g, JEACH
BARB Zr 4 415,

A FLEE LA BHE R B IR E T A 35 1Y CO, T B
Zeht, B REARIRDY i LR I FH R A 7 T
HEEMAE K ZE SAFAE T AT R fife, DA feff A w322 45t
(R RE I, B AL B 1A i
3.3 &EENIERMR

Vi — P UL BE, MOFs 16 BEAR SR B N )12
9T o SAEGTCHIA BRI L, HALBUR A R
K, 1545 TH H BB, MOFs 812 W FH TG RS
AR S B o3 s e U CO, MR8, MOFs
rACERYE A ZIF-F 31 )2 MIL-% %1 (Materials of
Institute Lavoisior Frameworks) fff[lg]o

MR MOFs #EHE) CO, W B 25t A Bk, Ak
W98 B0 T PR FLIE S5 R | SR B T8 &
HIREALZE )T . LIANG VIR T — 25 B A
MIL-140 37 $M4E#9 i MOFs #48}, 225200 Kt 8, 45
W] CO, WG BfH: RE 37 FLBR &5 F 5 . MOFs fL4%
AR/ N TT A B 2R CO, 22 1] AR A A, T4

B CO, 35 Ry i g B 25 . YU 250 SR K
PILG LT —Fh a4 R ZU-301(ZU: #7iT K27, 30:
R, 1. 3-H -1H-1, 2, 4-=% k) i i FL MOFs
BB 7E 50 °C, 100 kPa 254 T, H CO, W B 75 it
2.27 mmol/g, H.i% MOFs # B AT — & W Bk 1, 78
25 C AHXHBEE R 75% 40, HAl ARk Z8 2
b — e L BE A 5 19 MOFs Ik A1 ik, KADI 25 i
72 T8 AT Mg 3 F LA Cu-BTC(Bimetallic),
Mg B F 151 AR T R TE 25 45 4 R AL B 5
SEIG 45 W26 B, Cu-BTCMOF £ CO, 1) W B 758 >
5.95 mmol/g, Mg-BTCMOF 1) CO, ) W B} 75 & >
4.57 mmol/g, TMij Cu, sMg, s(BTC),MOF #J CO, M %%
oM 23.9 mmol/g, W75 i W E 4, DFIE K LS
PR T 15 1 FDBE B 4 CO, 43 TR B RIRLY . ABID
12 S I AR Ca /AL T R R L, SRK AL &
BT — %% MIL-96(Al)-Ca, Ca” 5] A BRI
MK /NE A B2 AL, 5 MIL-96(A1) A H, FLAAFR
K., BHREREW, 7£ 0 °C. 950 kPa 5514 T,
MIL-96(Al)-Cal ] CO, 1) 1 [ %5 & °&~ 10.2 mmol/g,
1Ml MIL-96(Al) (1) CO, FYM Fff 75 5 H A 8.09 mmol/g.
A1, £E 100 kPa i, MIL-96(Al)-Cad %} CO,/N, i1
BR3P AH 24 T MIL-96(AL) S Fe MY 4 /52 . HE
SO RO T A T — R R A HLHE
k4 B Cu-TMA(Fe), Cu-TMA(Co), Cu-TMA(Mg).
Cu-TMA(AL) il Cu-TPA(Fe)(TMA: trimesic acid; TPA:
terephthalic acid), 7F 25 °C, 100 kPa /4 F, Cu-TMA
YW 6 25 5ok 3.00 mmol/g, 24 Cu #f Co. Fe 1 Mg Jit
TR WU T, W B2 8 mT LAy i s 31 3.70. 4.40
K 420 mmol/g. D EIRY 4R B ARSI MK
S5F, BT REF T4 R BU A S 10 S I Ik — 72
JE B39 BET R 1R, 115 MOFs A RHH A B K
(1) CO, W B 75 12t R R i 1) W B 36 B 1 . ASGHAR
He (64 2 il T —Fh Mn-DOBDC(2,5—— ¥ 3 X 45 —
fi2)MOFs £k, 2Kt 2 — e (EDA) 51 A2 LU
SR CO, HARBE S T4 i HAE S /K B BT v s e M
ST AR R LE 0 °C. 100 kPa 54 T, etk 5 1
MOFs #4#HI Bi 75 1 KT 9.00 mmol/g, Z84d 6 KW
A it WA 2R J L CO, W B 25 5 19 1 6 7T 22 T
HAN %5 ZE R IR 15 0 O B B, (0 22
T WHRRAE K B A LT i BEAE B MIL-101(Cr),
B[l MIL-101(Cr)-NH,, 4 115 57 o] 1 1 o 2-24 3
Xof A R TC AR AE KA T P ) T A B, [ B o PR TR
()2 5 T4k, AT 7E MOF k& i 5 v o 3%
A% T8 BOR S R A K AR 4k . & R MIL-101(Cr)-
NH, EA #8755 i H 22 100 FURN Lewis Bt i b 27
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£ 100 kPa F1 5 °C 214, CO, B it 75 5 vl LAA 3
5.40 mmol/g, X FE LA, LM EIABIR S
B MOFs AR B GE 1, {58 A 2 365 bt Rt
FL TR T R, FLIE b ZE S5 )R

MOFs M B 7E 52 5 0 N 91A R 55 1 COo, W it
ZAROT BRI R, W B I A T — e LA I
BB, T L4 8 A HLHE SRR i) W B 1 Rt 2 K 2%
S, (BT TR bR R R A K, R,
MOFs # B FH T A AEE N e CO,, ey 2 vt
PRI S AR T W R R AR [l R, BeAb, h 4l 45
MOFs #4025 5, S2I0Z MR B RS S FH 8
AIRK BB
34 AR

TGP S S — T B BE PG R 1) 2 FL I R B, 1%
MR 12, AR | AW R4 . ik s
il 88 5 L AN TR], (ARG e b Rt A I B et 5 T
2R — R, A KRR ALY AR
FOAE I o B4 S b 2 ) 4 22 AL B AR ek bR
WP EA B LR AL R ARG . P E L
SEPE TR AT . B IAERAI ) A, 2 R i R [l
CO, [ Z AL B HL

H AT, 32 E 06 Pk R CO, W RN 28t . LA
P P RE Y ety 3 A v e A g LB A5
MFRE S b IFLBRES M &, B 5 CO, M3l )%
BARPE T AL AT AR LT 22 (10 4 BRI B 7 253, 3 )
T CO, BB . (i fLid 2 25 BHAT CO, Y Hk, B
MCAHALIE RO S R i LA, AEAE— 2 AL AN
KAL, HHRITH CO, MEHRAE I o DI o e 1A
FIZER (K 3) &, KAL B s, AFLAE A KoL
53 S SR, AL SR LSS 1 AL
B T AR S T A, At R 2 W R A
I, 8 HA KL LA L B S L A5 A bR T
PETF LR B W R RE TN IE PR FLBR A IE B S
il 2 T P e 1 3 R 2 DA O, TP e 1 o 0l AR L
BALANTEAL, b il & 5 P Y OB Ak IR TE LAY
FEARKAL, Ry 1 AAG T Y L3R ARG L g A
2ot AL R, A R nT LAGE Z AL LR AR 1S B
B BT A L S AL AL AR T AL
A WL R T, FIHKZEAL CO,. %=
TR G AR S & A RO, T LB 2
1, BARR AT

C+H20—)CO+H2 (3)
C+CO, — 2CO 4)
C+0, — CO, Q)

1
C+50,—CO (6)

g W B i

Pl 3 TR LA

Fig.3 Pore structure of activated carbon'

X T RIS AR U, T AL B RIS AL R 25
i Z2FL R FLIRZE A ) R B 2R, 16 AR B o s s 4
i ] 3t K 2 g 2 3R A S L 2854, (75 e i B R
b 2 35 A6 2 02 1 F 4k %3057 (KOH., ZnCl,, H;PO,,
H,80, %) A iG AL Aok ik Bt 1 g ik . X Tk
SN AL R, WEAERI A AT =2 1 AR S TR
LA 36 AT R A B [T 2 X T e L5 A 7 A
SO o SR TR, PG AL T IR R R, ALK
FERAR, (AR AW A5, SRS, g
P e AT O i3 LA A A DR R R FH K 283 Ak
Pl TR R, K BTG e EAE A e e R R A R
U B RE S 25 T3 0.55 nm AOTHAL . Tbm bk
T PR R AR R, T AR B A, 1 T 3 AR SR Ak
S22 AR R A R R AR R, WA o
Y gm0, HAO U LT 5 T R TRk,
KH KOH kil & 2Lk, %2 BRAE 25 °C . 100 kPa
MR CO, M Ff 2544 2.40 mmol/g.

HEsEE T, 1 nm DLR LR 22 FL R AR
Wt CO, B FEIZ T WAWIGE TR, WEPER R
HI7E 0.3~0.8 nm AYFLAEXT CO, I I sk sE . H
H AT U8 2o 18 5 A A ke LA LBR AT A, i
SR FLARFL IRt ) AR v 078

RIS &, CO, 4r T 2 55 R, J2& 55 HLF
SRR, BTS2, PR TT DL | A PESE A, B hn N
S il O 7R F, i T CO, 7= A= it 1) FL AR A, DA
T B Ak B S B S5 A A FH, 38t c o, iy i
RE ST FIEREERY . REN 26170 DI KOH Mid A7, $ivi

67]
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p M| Fl — 4803 F Bl i Friedel-Crafts (F-C) 20
RE R M A R T HA KRB ML A B &2 AL
Weo HTEFE A IAST FHATHE, NC-1-500 &
A NC-X-T ¥t i Pk m AR, - e BA R
U AR RR T, AERERLE IR T (15% CO,/85% N,),
R 2258 10 YR B R AR BR, CO, MR 25 F A5 8K &
ik 1.00 mmol/g, Jf H W B A8 (R 15 R 47, SCHkrhid s
H COYN, TEFE MR TF 2 2, Hovh fe 2 A
FR AL R A 5 . WANG 0P R A
oA S A5 R LI (Polypyrrole, PPy) Hif3R{A, &
YA R, AN F LRI KOH 5 PPy TR G,
BETARMEBIRZIL I, LHER KN, NPC-2
76 0. 30 F1 60 °C T (100 kPa), CO5/N, ZEFE1E43 5155
£ 35,25 F1 19, tHEL TR Z LA SBMGTE 0 C Tit
PR 22, B AR 2 AL i B ERE ZLAP IR £ .
e 25U DU AT AR N JEURL, SR 40% 1Y
TEPA X H AT oM:, ZERHIE S 414 T, COAC-4-
40TEPA FF i (1) CO, Mz B 75 5 S A s 118 3% 42 e I
2SRy 2.02 1%, B3k 2.45 mmol/g, H 2 10 IRAEH
Ji W B 25 e AT DR A AE 0 0 T B 25 B2 7Y 92.29%, TEPA
I A 0.67%. SUN 26 DII CEZi——
CATHAR) M IERE, ZmifR Ak b SIS Ak 515 2 6
BRI o A% L B B M R RN 5 G T
1) 1% it 25 B AT LA & PR, 6 25 °CL 100 kPa &5 14F R,
H: CO, W [t 25 543931k 4.00 Fil 2.65 mmol/g, iX ik HH
THREFIAEERKRIT T Co, WM&, XT3

AR T84, REHIT R I Z B nE, 1
bR T MR T 4400, i AF e 2 T 348 22 Ao,
HRX 7 1 RS AR XD . SRR IERY I A A
Sy A=W R AT IRAA, 4 FH (NHL,),PO, Ab B S T2 30,
221t K,C,0, THAL 4 T N P 248 e Bk #4 K} .
T IE RS CO, T LAJE i o 14 S5 O T 44
BT R AR B PERE, TP R TR ST, 5
TREEHE B AR B C R TFIE A 3 A, (15 i oy
AR CJEF L, A IE AT E P RF 5 CO,
e 55 AR AR, BRI T CO, WM, I H i T P
FIR A2 1 C R, FTLA P B4 2 1 iR 45 F 2 1
MR, (AR L SR T A O, X AR A T CO, 1
W R, 2RI BFY, SRR & AR S CNPK-10-3
[ CO, W IR B A, 7E 100 kPa, 0 °C #1125 °C FHY
W 25543 50 R 5.49., 3.37 mmol/g, I H., i%kE M B
A BT IE AR MR BE PR, AR A TAST Hig, 7R
PR T COYN, HIZEREME ] 15, Fi4b, HAF 8
B IR 1 4 29 kJ/mol, J& T4 B B, PR i AR A X
55,

PG PR AR T SR T R, 22 e RIS A S
e VR R ) B R 254, 5 A I R R s L B i 2 ™ 5,
ik CO, MtkRE . PR Anfarfe 5 | AL 5 A [RI, AS
W SRR B FLES K, PRAERE 73T 350 i AN
ST BRI ) RO, 2 3 E— At TR [RI 2 6L
MR DL R

®3 ZFLRMMRMEER T EE

Table3 Comparison of advantages and disadvantages of porous adsorption materials

U EEp e s B E =N
Sy Fiifi HAT R b m AR R R S5/ FHFLIE . FLAER/NaT i WK PSR, XK 3k [26,58]
REREAFLATRL R . FLARTTIER . AaERHEE S . HIhbEfk SRS T AL R, MRtk [46,50]
MOFs WRTEAR . FLBRE . fLESE T R, AR RIsd sy, mAma, Xk asoh ik [26,58]
TR A CO, M 75 £
TS B RIRMALESH . E R EL R MR LR . ) P A FLARAR R ek [58]

B A PR E

4 BES5RE

T TR =2 AR CO, ik, IRt
LI Z AR = Ol 4 COo, BA +0
B PLSEE L. BEAR GG CO, Z2 AL R BRI 2 B
3 CO, MERRF 7R At | B S W R 3, [+ P e 2
HA% A A BE T FPLIRAZ E P, TR M,
L BB 22 F LIS R A R ) ) e A AN B G o b, A
M RIREE A ZR CO, 255 i 2 = HA o0 AR

JEXE Z2FLATRE B BT PERE AT R . H RTI HTELZ (Y
Z FLUL R B RE 24 2310 | fESE A FLAS L MOFs
BRI PR 5 A, Ferb o1 0 A R S LA RS
IKZE U, MOFs #HRLH R 711 52 /K Z8 SRR/ DN,
R EAR T W B A IR, o] oricd A AR % HLUAS i 43,
FI AR AN BES 12 BTS2 B o I P o et o] o O
Iz, A IR, AL M BURE , DI PR kR
HA R R SR 5 o ER A T e W B 1 R ke ik
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