E3E%30 o R Vol.31 No.3

20254F 3 /] Clean Coal Technology Mar. 2025

BIFIz 0B ELE =EIE

i

AL RBLA : CCS F R ik bz A AR B Fk A 5 BT =

yl

B, F M MM, B

B
CRMIREE: BEIR S 3RBE2A e R R 2 RE TR A S R I 4 T R B A S22, B At 210096)

B E.RMRR S (FBR) A#MELHA (CCS) AT LB SRR, FEAE L Za4E#42
TR AR R FAIMAEH Ty, LR A AR T L CO, Ak oy X438 12, AiZE R4 M T FBR EMEE
WL PG SRR AR A R R R R AT BB i AL T L BRI LA S A R A, A
A5 KB 3R CO, 4 B 2 & OB P B R R R B g B 5L F 4% (CLC) , A AR A
FEPEARACIR IR S, EILB A T CO, BRI E 80% vA b MK H AR MRILASHEER (Cal) SHakk
B P ) JEER, i i FBR 69 ik 20 3R AF 52 L 5 BOR R - B A AR, Lok, KRB AL b An 3 K 69 ) 37 Ak it
—% ¥ /% T FBR #9185 5 JA 3% 5% K A AR IR 3 64 B R MR 5 45 1 SR A% A 7T IR U AL B KR 2 7 A
# CO, HEAXF AR 30% w9 AEAL, Mo e BORAL RGBT 4G R IR 35 5 Beik vl AR PR, A & 4 AL R
F) A BOK RIS AR R AR Rk %, R, FBR ¥R 5 d e % EHLE: B 7 M6 2R
RBEMARRE (dopE TR ENINTE R DA LIRS EMH 2 10 RBFRBERTE 40%) |
REBEHE 5B, (SIC & & T AR 70% &R FA25 FHRAL ) (Z ke (BEBS 900-950 °C ) & T
LHEMRILEMN (w CLCERFIEFRIHR LR ZARLEBERERAIRIEER) . @& P B 47,
ARFRE % %R O TR ST R WA (de i KBOEAS AR WA 2% A PAER (MOF)
M) @&t SBRERREE (S WiEBE R ) DAL RS R EE;Q) 44 CFD $ R A&
ARG AT EaTaEd), A R A Ava LAk @ DB AR 137, BOR B\ E AL AL e
KX &R B B, Jrid i B PR ik B AR R AR B8RS T B AR F A b 5 A Fr,
FBR H AA B /) KR N E ST L IR LR, A 2R R MR RZ L2 F RS T
B R L%,

K AR B 355 A Ah 52 55 3 A BLBR BOR ; KB Ak v e ik

FESES: TKII4  XEREG: A XEHS:1006-6772(2025)03-0001-16

Fluidized bed technology: challenges and prospects in CCS and
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decarbonization applications
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(Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education, school of energy and environment,
Southeast University, Nanjing 210096, China)
Abstract: Fluidized bed reactors ( FBRs) , with their superior heat/mass transfer efficiency, operational flexibility, and scalability, have
emerged as a cornerstone technology for carbon capture and storage (CCS) and industrial decarbonization. This review
comprehensively analyzes the advancements of FBR applications across pre-, mid-, and post-combustion carbon capture stages. In pre-
combustion, FBRs enable efficient fuel gasification into syngas, enhanced by calcium-based adsorbents for CO, separation; mid-

combustion techniques, including oxy-fuel combustion and chemical looping combustion (CLC) , leverage fluidization dynamics to
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achieve flue gas CO, concentration exceeding 80%; post-combustion capture relies on calcium looping (CaL) and alkali-based
adsorbent cycles, capitalizing on FBRs’ continuous operation for high-efficiency CO, adsorption-regeneration. Innovations integrat- ing
solar and electric heating further expand FBRs’ decarbonization potential: solar-driven calcination coupled with CaL reduces CO,
emissions from fossil fuel combustion and decreases energy consumption by 30%, while electric heating offers precise temperature control
for zero-carbon processes like biomass gasification and cement calcination. However, challenges persist in scaling FBRs, including
adsorbent degradation (e.g., 40% activity loss in CaO after 10 cycles resulted from the collapse of pore structure and surface
passivation ) , equipment erosion ( SiC coatings reduce wear by 70% but require optimization ) , high energy demands ( calcination at
900-950 °C ) , and process integration complexities ( e.g., dynamic coordination in CLC multi-reactor systems and circulation factor of
oxygen carriers ) . To achieve carbon neutrality, future research must prioritize: 1 ) developing stable adsorbents ( e.g., nano-modified
CaO, MOFs ) ; 2) designing multi-stage reactors (e.g., bubbling-transport coupled systems) for optimized mass/heat transfer; 3 )
integrating CFD multi-scale modeling with AI-driven real-time control; and 4 ) fostering cross-disciplinary innovations, such as plasma
heating and microwave-assisted regeneration. Policy support should focus on carbon pricing mechanisms, pilot funding, and international

standardization. By synergizing renewables, smart technologies, and material science, FBRs could drive deep decarbonization in power,

cement, and steel industries, offering an economically viable and sustainable pathway for global energy transition.
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