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ABSTRACT: Biogas typically containing 60%CH, and
40%CO,, of which CH4 can be used as an effective feedstock
of chemical looping reforming (CLR) for H, generation. NiO
was impregnated on high-temperature resistant and
high-crushing strength refractory brick for the preparation of
oxygen carrier material. A laboratory-scale fluidized bed
reactor was then used to investigate the properties of biogas
CLR under various reaction conditions, where dry reforming
and wet reforming pathways were compared as well. It was
found that biogas exhibited a better conversion under wet
reforming than under dry reforming conditions for H,
generation. Noticeably, under well controlled operation
condition, CO, of biogas can be highly converted to CO,
resulting in high-degree utilization of biogas. Increasing
operation temperature and H,O steam concentration in the
fluidized bed, more H, and CO can be obtained, leading to
higher H,/CO ratio and H, yield from biogas. During the 155
cycles in the fluidized bed, the oxygen carrier particles showed
satisfactory physical and chemical properties and stable H,
concentration at reactor exit. After 155 cycles, good crushing
strength and satisfying attrition rate of oxygen carrier particles
were detected, sufficient for use in fluidized bed systems.
Under the tests at high temperatures, no agglomeration of

oxygen carrier particles was found, suggesting the stable
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fluidization ability. Auto-thermal CLR can be realized by
tuning the oxygen-carrier to biogas ratio, according heat
balance calculation. However, H, yield must be decreased to
reach auto-thermal CLR. In this sense, detailed evaluation of
economic and energy should be done to optimize the

characteristics of large-scale systems.

KEY WORDS: chemical looping reforming; Ni-based oxygen

carrier; biogas; hydrogen production; fluidized bed
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AH® =203.8kJ/mol (R1)
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Fig. 1 Schematic diagram of CLR for H, generation
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AH® =172.4kJ/mol (R8)
CH, (g) + CO,(g) — 2CO(g) + 2H,(g)
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WA o SRR & FR A Y NIO R H 40 & i

x1 SEH ARG NIO ST
Tab.1 Main properties of high-aluminum refractory

brick supported NiO oxygen carrier
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Fig. 2 XRD phases of refractory brick, fresh oxygen
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Fig. 3 Schematic diagram of batch fluidized bed
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T2 RUKRIIEEMH
Tab.2 Experimental conditions of the fluidized bed
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BOFE AT BUR BRI AL R Xoc(), 11:0(Q2). (3)
i

B B -

Xoc@®)=1-Mq /(Rocm,)-

=l
j% (Xco +2Xco, + 11,0 Dout o0l +
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e me 2y Ad(s) 18] A HCER BUFRPREAR /N T 40um (1
YH/NE B AR RORLT R, g5 my 9 OB PP AR AR



5 24 MBS Bai O S NGO S H VAR () T8 e 2 B B | S0 AL PR ST 7 7257
JiE, g AR T HFRS AR T CHy B RFE

3 ZRLERSIHE

3.1 REIiE#ER

AR JE-E R B 4 PR, BT
A B B (B & PR R B 28 ) . N, S B . &
B B2 R o

80T ; 1.0
.\‘%}é :
1\ R )
. 60 0.5 3
= ! o
" ; . : >
¥ 401/ ' ' 100 &
ﬁ 1 : 1 ﬁ
r | &
204! ~CH, N B
=
0 —T T T T T T T -1.0
0 300 600 900

SR TR/

B4 7£ 770°CRF 30%CH,4 +20%CO; +20%H,0 S5 FH
AR RS FE(EE 120 XRIEER)
Fig. 4 Typical reaction progress at 770°C under the

atmosphere of 30%CH, +20%CO,; +20%H,0 (cycle 120)
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Fig. 5 Comparison of process at §70°C
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Fig. 6 Influence of H,O concentration on carbon
deposition and H,O/CH,4 molar ratio, CH, conversion,
gas yields, Hy/CO molar ratio at 970°C
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Fig. 7 Influence of temperature on gas yields at

fuel reactor exit under 50%H,0
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