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Research progress on sorption—enhanced steam gasification of

coal with CO, capture using CaO-based materials
YAN Xianyao, YU Shuihua, CHU Huaqiang

(School of Energy and Environment , Anhui University of Technology ,Maanshan 243002, China)
Abstract: The CO, produced by the large—scale combustion of coal aggravates the global warming and greenhouse effect. The sorption—en-
hanced steam gasification of coal using CaO—based materials could realize CO, capture and H, production simultaneously, which has
a good industrial application prospect. On the basis of recent advances of sorption —enhanced steam gasification of coal using CaO -
based materials, the system procedure of this technology was described. The reaction characteristics and activity reduction mechanism
of calcium based materials for CO, capture and enhanced hydrogen production in the system were reviewed. The methods to improve the cy-
cling stability, CO, capture and catalytic hydrogen production of calcium based materials were summarized. Migration pathways of alka-
li metal and other trace elements during steam gasification of coal using CaO—based materials were analyzed. The effects of trace elements
on CO, capture and enhanced H, production of CaO-based materials were reviewed. The energy and economic analysis of this system based
on kinetic calculations were described. The coupling of calcium based materials enhanced coal gasification hydrogen production system and
other renewable energy systems and its influence on hydrogen production characteristics were summarized. In view of the research progress
and potential challenge of sorption—enhanced steam gasification of coal using Ca—based materials, the possible research directions in the
future were prospected. It is believed that screening additives can improve the reaction of calcium based materials in many aspects, and
adopting decoupling gasification and coal/biomass co—gasification technology can achieve higher hydrogen production and gasification con-

version. It is of great significance to study the migration of trace elements in coal and the coupling with other renewable energy systems for

Y HHA:2022-06-01 ; HAEMEE: HWEHF  DOI.10.13226/].issn.1006—-6772. HK22060101

EETE 68 S YIRS AT 2R M L0 S T S YT B B (JKF22-10) 3 2T R 75 4R ZUMBHIT AL G BT B T H (QZ202113)

EE B E R & (1995—) , B, RIS D, TS0, T, E-mail. yanxy@ ahut.edu.cn

BIMEE #4058 (1982—) , 5B LIASIEN  BUR, BT AESID, 1, E-mail: hqchust@ 163.com

SRR EITESE, kAR, R AL A5 B R 4 CO, ALK 28 AL B R R e [ 1] iR B R, 2022, 28 (10) -
184-194. .
YAN Xianyao, YU Shuihua, CHU Huaqiang. Research progress on sorption — enhanced steam gasification of coal with E
CO, capture using CaO-based materials[ J].Clean Coal Technology,2022,28(10) :184-194. AN

184



=S58 55 A EEATRHA 4R CO, SR A REK 28 AL S oE

www.chinacaj.net

2022 4F55 10 14

the development of this technology.

Key words: coal gasification ; hydrogen production;CO, capture ; CaO—based materials ; carbon neutrality
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Fig.1 Process of sorption—enhanced steam gasification
of coal using CaO-based materials
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Fig.2  Evolution mechanism for production layer of CaO—based
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materials during carbonation/calcination cycles'™!
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Fig.3 Major research aspects of sorption—enhanced steam gasification of coal using CaO—based materials
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Table 1 CO, capture of Al and Mg-modified CaO—-based materials

AR AR CaO FRAEY % R AL S Bebe s EARREL COMld/ (g - ¢7')  SCik
Ak it 80 650 °C \15% CO, .10 min 900 °C \He, 5 min 30 0.20 [39]
TR AR RA 75 690 °C .14% CO, .30 min 850 °C N, . 10 min 13 0.56 [40]
TR T IBEEI 82 750 C \40% CO, .20 min 750 C N, , 20 min 30 0.53 [41]
i+ FRE 85 700 °C \15% CO, 30 min 850 °C \N,, 10 min 25 0.40 [42]
17823 TRA 75 650 °C .30% CO, .25 min 800 °C \N, . 5 min 15 0.45 [43]
TiH IR EE ety 90 700 °C .90% CO, .10 min 700 °C .He, 30 min 20 0.42 [44]
G178 T R BRE IR 80 650 °C \15% €0, 2.5 min 950 °C N, 2.5 min 20 0.34 [45]
b by diy 75 700 °C .20% CO, .10 min 730 °C N, . 10 min 20 0.36 [46]
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Table 2 H, production from steam gasification of coal using K-modified CaO—based materials
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10 HH A 700 °C .50% H, 0,150 min 900 °C %55, 40 min 6 70.0 [48]
10 A 750 °C \H,0/N, .90 min — 1 66.7 [49]
10 R 700 °C .50% H,0.150 min — 1 83.0 [50]
22 JRAE 600 °C 180 min — 1 95.0 [51]
20 To e 675 °C \75% H,0 30 min — 1 85.0 [52]
20 T 675 °C \75% H,0 .30 min — 1 ~85.0 [53]
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Bk UL 3, CHEN %7385 Aspen plus #4125 1
DL T R PR AL PR S oL i 8 A ki AL A <Ak
TS RGN A T A B AL, 25 R R KA
1 CaO JEFAF AR5 80 F1 30 mol/s B, 15 A
S H, R EGE 96% |, 41 S AL 1 AR H,

s

PR FIR BE | R F e 7 o R TR S R )
23T CaCO,MBE IR BE T v, DT I 465 25 4 61 7
FRERLE . AN S0 PUHE 1 KW GLH TR LA H AL
PRI 7% FHF ST T K JeAB 5 5L A4 Rt st AL AR AR RN 4
PSRN 25 RRIWIRE IS G P H MR BE AL
e, FAG AR R P b R T R4 1908 PR AR e P
FIHUAERE . SHAIKH 28 B T 350 MW 2% AU
IRUACIR RN 75 T 85 35 4 Rk AL A R, R B
H, R FR 3 $i e v 1T 3k 83.2% , IRl 3545 1 54.93% 1Y
Vi BRI, ZHAO S5 7R 3R R A S Ak
i AR RS AL R 2 AN ad B, WF S T Ak -
W —ebe 3 B IR AL IR & Gt B AR AR E,
SERL I H, A FLR B CO, 3 4B 2R 43 B ATk
32.60%F1 85.17% ., WANG 257 %k ¥ 42 & S Ak &
J1.CaO/C W RN E L (H,0/C ¥R 1Y 2 HE BEA 5L
RO A AR T EERE AT CO, AR 1
e, H, B 8w = o 77.98%
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Table 3 H, production from steam gasification of coal using CaO—based materials in fluidized conditions
SEFh AR LA JBbE A (EEANEES H, (K588 % Sk
W SUEFRILR 700 °C \H,0/N,, 900 C =< TR L) 53.00 [26]
W BRI AR 740 C \H,0/N,, 900 C %= — 16.10 [39]
T SUEFFIAL 700 °C \H,0 900 °C .CO, 30 mol/s( Ca0) 96.00 [73]
MR SRR 700 °C \H,0 900 C,CO, .1 MPa 100 t/h( HHHE) 83.20 [74]
RS 3 BBk Ak IR 620 C \H,0 975 C .CO, 180 kg/h( Ca0) 95.94 [75]
M INESOETLE 750 °C \H,0/N, 0.4 MPa  — 535 ¢/h(Ht) 77.98 [76]

KUMABE 457 898 T Wl 5% F T CaO 324k
PRSI R, A A AR IR B e O AR
A B2 N B 7728 B0, T CaO YR CO, 45 38 5
T AEIAE I T K B R DT B R o SRR
FAKI 25 S B98I 5 2 1 e e/ A 4 o 36
TR, 45 SR IHAE 500 °C .26.9 MPa 14 T, CaO
FETERT & AT H (R B4 48.9% , Na, CO, FlI
K,CO, M5 A ARAS T H23E 19 & B 4L o R =i,
FRARMAZEIPIBFSE T CaO X 46 M I LK S Ak il &
FEPE AR BF5E R WA 7E 600 C .28 MPa AL 51
T,Ca0 MR Hy it & T 2.5 7%, Hy (R B4y
BLF 88.1% , H A& iy I B A1 1A B T4 91 CaO
X M IR I LA UM RE . ZHANG 2513541 T
10 kg/h ¥ B IR A AL R S8, IR KOH 1 Ca0
AL R A Mg, IF X R L CaO 1 KOH Y 77
FE BB A0 4 5 00 8 1 RS A RNk A He S g, B
AL TR E B 500 C B E 650 C, H,
24.67 mL/g ¥4 & 135.73 ml/g,
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ESMAILI % 11+ Aspen plus #5377 CaO 78
PEBEAL T S T2 R G DT TR R0 UK
CaO/ 5T Ak LE X ) SRR B2 IR, 25 2R 2R 1, Ak
HREE 1100 K 392 1 600 K, H, ¥ 32 7 7 19 i i
CO, YR JEE 2 W A1, CaO/ BTk LU & 1T 270 F
AIMARITEIR . WEL S50 2347 T 55 SR} AL 5
ALK R RGN 2T, J BTSRRI 5 AL $2
) SR RE R RIS N T RSB AT A, i TR
H TG IR CO, i 4 A S RE A 2 k15 0L
A5, S HEARHI D FE AR L , HLBebe R v
BRI O, 7y B LI T R SLREFE. HABIBI
BT Cu BTSRRI SRR
TR GERLAHER e R IR, MBebE SN #5R T Cu
SRR R A BRI be A AR DIFR (IR RERE , R 4E
T 111 MW b3 R A H e 1K 28 o gk =2
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600 °C,H, fil CO, %435k 4.68 F1 51.85 kg/s,
CO, T FERCR AR 51K F] 91.11% F1 66.55%
BRI S L 2= B R A R AR
P 4 JIT7R , ZHANG 25" 8 45 3 4 R 5t Ak A 9 T <
HI ARG S CaO/Ca( OH) , LAl BE RS N4

M IR R

! CaS+ R -
' Ca0 " TR

M HSCBE AL f E

W s AL IS AT U5 T VR AR B0 45 5 AR Tk
SEAERE, SCBL T A I AR CO, A4 2 BE A Ak
U RE IR PG £, o SR FHES SR Ak 1 B 1oz 3 44, 4
FEW, ARG H, 1 1.08 m®/kg, BERRCR sk
KA CO,FERCRITHIH 42.1% 39.4%F1 96.6%

CaO/Ca(OH), #ib 2 fihie
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Fig.4 Process of coupled coal gasification and thermal energy storage system using CaO—based materials®’
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