www.chinacaj.net

EBE L ERE N CAE Sl N Vol.27 No.2
2021 4F 3 A Clean Coal Technology Mar. 2021

R FHERIEE SRR IR

ARk &8, 8 &

(LEEPERE TR E 5EY TR, ERI 26505;2. PEF IV ICE (L) 2 SR TR b, L3 100083)

B E TR TFEREREN TR R — FE P RERGIERN T LE E R A
BB KT B S BB T Je o R A SER SRR R — AR BE, BRI AL AR E A 2
Fh BRI AR I AR 5 AR R e e BRABAL T AR R KR s R ) R iR 12 M K v R BAR L - A R S5
&b, W@k T 2015—2020 FHEAL FAMRE T B S 2 B R ARG L&, 55 S 4R
KR BRRBABR KM G2 BEEK, BET ARESEBEAGLEE R EBE A -EF
Bl - B B R ALEE 2 5 EAK e 4 AR A u&?kih%%i%/‘?ﬂo BRI BB 2 B AT AL F
HEIRBE P AR — Bk K ARG BB ik R EUAK, 1EF R AR e B R R e R T AR T R 0 R
F, BRABRAENFRRETEATOR. —F @ TALESREAAATHEXALIR, 5 —F &
AT L R AR E A -B RS, 83 VP SR A BB A B R e R T AR 3 4R AR 3 AR Y
HUAR SR JE Fo BRRABRE ) . SRR BB & 09 B AR R ) o B S Ak ST 2 R R R AR R
BAHARSE ST R 2 B R EFEBARHG R FFARE IR, TR AR F G
e H B A BAFO R AL BRUBR 45 3K AR LA BT 09 RO v A B 6 41 7 A R be B Tk R 49
ZRAMHABAL RG] T FE R AR T, B R AR R R AR89 TR PR AR BT 2R
F BRABE ST RRERR TR EFHEFRBEBRRGFLE S, HEREER S 2B
FURT VAR B 256 2 AP 2 Jf 89 RS AP AT 235 4 2 BOBVIR 89 BR B 6 1k . AR T R AR a9 B A
PR, R R ZEFT SR B T 4 5ED L4 2 AL 24 R UL 3t 37 A BSR4 4 B 4%
BRGE BB § R AT A A A o & 205 09 AR R R 0B A Tk R A RIAT BRI R AT AL 25 A 0 3
KR ACF IR BER  F A EREE;CO, 5 B

RE S E S TQ52 MERFR D A M ERE1006-6772(2021)02-0031-14

Recent advances in oxygen carriers for chemical looping combustion of coal

BAI Xinwei',LIU Jinchang”, BAI Lei'

(1. Department of Chemical and Biomedical Engineering ,West Virginia University ,Morgantown 26505, United States ;
2.School of Chemical and Environmental Engineering ,China University of Mining and Technology—Beijing , Beijing 100083, China)
Abstract ; Chemical looping combustion of coal is one of the most vital technologies for clean coal combustion. A metal-based oxygen carri-
er in chemical looping process is applied to avoid direct contact between the coal and air,which can eliminate the production NO,_ pollu-
tants and improve energy conversion efficiency. In general ,there are two reaction pathways for chemical looping combustion of coal;in si-
tu gasification chemical looping combustion (iG — CLC) and chemical looping with oxygen uncoupling ( CLOU ). The difference in
combustion pathway will greatly affect the composition and structure design of oxygen carriers. The research progress of solid metal-based
oxygen carriers in coal chemical looping combustion from 2015 to 2020 was discussed in detail, including iron —based , manganese —
based, copper—based , nickel —based, calcium sulfate, and other composite oxygen carriers. The advantages and disadvantages of differ-

ent metal oxygen carriers,reaction path,gas—solid and solid—solid reaction mechanism, interaction between metal and carrier and deactiva-
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tion principle of oxygen carrier were summarized. Iron—based oxygen carriers are widely applied in iG=CLC system, but the reaction rate of
single iron—based oxygen carrier is low. The addition of alkali and/or alkaline—earth metals can improve the reactivity of the iron—based
oxygen carriers. on the one hand , manganese—based oxygen carrier can release gaseous oxygen in high temperature and anoxic atmosphere ;
and on the other hand, the manganese—based oxygen carrier can oxidize reducing gas such as CO and CH,. By applying inert support mate-
rials and alkali metal promoters,the mechanic strength and oxygen decoupling ability can be further boosted. Copper—based oxygen carrier
has attracted much attention due to good oxygen uncoupling behavior. However, the deactivation of oxygen carriers due to metal aggrega-
tion caused by low melting point of copper and its oxides needs to be overcome. Besides, several research works observed that using
iron ,manganese and/or copper ore as oxygen carriers can improve the reactivity. The reactivity of calcium sulfate oxygen carrier is excel-
lent, but the possible side—products in coal chemical looping combustion such as sulfur dioxide and hydrogen sulfide need to be addressed.
Nickel-based oxygen carrier has good reaction performance in chemical looping combustion of coal,but there are only a few recent studies
because of the disadvantages of nickel —based oxygen carrier, such as sulfur poisoning, comparably higher cost, and environmental —un-
friendly. Novel bimetallic and multi—metallic oxygen carriers can combine the reaction characteristics of the two metals at the same time,
thus significantly improving the overall reactivity of the oxygen carriers. Based on the recent advances of oxygen carrier research, this re-
view suggests four possible areas to explore in the future:1,combining iG—CLC and CLOU pathways to design novel chemical looping as-
sisted by oxygen uncoupling( CLOU) carriers;2, developing oxygen carriers with novel support material and metal composition; 3, utili-
zing metallurgical waste as raw material to synthesize oxygen carriers ;4 ,designing oxygen carriers with special structures, including core—
shell and skeleton structures.

Key words ; chemical looping combustion;oxygen carriers ;clean coal combustion ; CO, separation
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Table 1 Synthesis of alkali metal (like K,Na,etc.) promoted iron—based oxygen carriers
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Table 3 Synthesis of manganese—based oxygen carriers
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Table 4 Synthesis of copper—contained composite oxygen carriers
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Table 5 Synthesis of CaSO,—contained composite oxygen carriers
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Table 6 Synthesis of other composite oxygen carriers
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