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Experiments on Chemical Looping Combustion of Coal in
Interconnected Fluidized Bed Using Hematite as Oxygen Carrier

GU Hai-ming, WU Jia-hua, HAO Jian-gang, SHEN Lai-hong, XIAO Jun
(Institute of Thermal Engineering, Southeast University, Nanjing 210096, Jiangsu Province, China)

ABSTRACT: A 1 kW interconnected fluidized bed reactor was
built and the experiments on chemical looping combustion of
coal was performed with hematite as oxygen carrier. The
durability of the oxygen carrier was investigated and the effects
of fuel reactor temperature on the gas compositions and CO,
capture efficiency were discussed. The oxygen carrier exhibited
an excellent stability and reactivity in a continuous test of 10 h.
CO, and CO concentration in fuel reactor increased remarkably
with increasing temperature from 900°C to 985°C, whereas
CO, concentration in air reactor dropped linearly. A higher fuel
reactor temperature would contribute to improving CO, capture
efficiency. Brunauer Emmett Teller (BET), scanning electron
microscope (SEM) and X-ray diffraction (XRD) were used to
characterize both fresh and used oxygen carrier particles. The
results indicated decreased specific surface area and pore
volume due to slight sinter on particles surface of used oxygen
carrier. However, the particles kept a porous structure
facilitating reactions between reactant gases and oxygen carrier
particles. No agglomeration was found between oxygen carrier
particles because of high speed jet in spout fluidized bed. This
hematite is a relatively ideal oxygen carrier for chemical

looping combustion of coal.

KEY WORDS: chemical looping combustion; interconnected

fluidized bed; coal; oxygen carrier; hematite
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Fig. 1 Schematic picture of Chemical looping combustion
of coal with hematite as oxygen carriers
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Tab.1 Chemical composition of hematite %

Fe Si Al Ca K P Mg S Mn Ti Zn Cr O

54.62 7.53 222 044 021 0.08 0.22 0.06 0.05 0.04 0.01 0.01 34.52

F2 WEREMISRMTRS T
Tab. 2 Proximate and ultimate analysis of coal
Tk 5 #7/% TEHEIMT% Qnetad/
Mas  Vas  FCis Awg Cag Hag  Oag Nag  Su (MJkg)
6.01 3510 54.13 4.76 69.57 430 13.81 1.03 0.52 27.05
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Fig. 2 Configuration for chemical looping combustion of
coal in interconnected fluidized beds
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Tab. 3 Precision of measurement devices and
uncertainty of direct measured parameters

I H TR 2E i R jiiicd ANH e P
FREE TR 30 L/min  +2.5%  +0.75L/min
N, i PRS- 15L/min ~ +2.5%  +0.375L/min
YR HWZ TBP-50A  50ml/min <+1%  <+0.5ml/min
P s Pt/Rh 44 i {H 1600°C  #1C +1°C
TR K S 1100°C  #1TC +1°C
&7 CYR-2D %JE451%2%  16kPa  +0.5%.  +0.08kPa
CO, Rosemount NGA 2000 100 <1 +1
ARl CO  Rosemount NGA 2000 100 <1 +1
4> CHs Rosemount NGA 2000 100 <1 *1
/% 0, Rosemount NGA 2000 25 <1 +0.25
H, Rosemount Hydros 100 50 <2 +1

3 ZHRHEITE
3.1 ESEMHALE

IR UE SRR AR T FEERA IR RE Y, A
1 kW 2B ATIALIR AL 2= BB I N 7 R 40 Lt AT
TS 10 h RE . REF FAISEORAE: SR
0.1kg/h, 255 W 28 A KU 0.84 m/h(FRUEIRES),
ki 2 75770E 0.21 kg/h, Wighz87E 0.12kg/h, 15k
KN 0.27 m’/h, 23R M4 E 1000°C, #REH
SN B E 960°C, RRHE 1.5 kg.

JRRL BN 3% AR LR RN TR R, A T
TH BRSPRRR R KN SR IR, X CO AR 4
PEn F o X

fco _ WCOZ,FR % 100% (19)

S W
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L Weoprry Weosrrs Wenprr 73 31 9 BB} 52 W 4%
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Fig. 3 CO, fraction as a function of time
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Fig. 4 \Variation of gas composition from air reactor
as a function of time
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Fig. 5 Effect of fuel reactor temperature on the gas
composition
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Fig.6 Effect of fuel reactor temperature on
CO, capture efficiency
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