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Fig.1 Schematic of the steam reforming device
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Table 1 Comparison of catalytic activity and coking rate of toluene steam reforming catalyst
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12Ni-15Co/ Al, O4 S/C=3.4.T=923 K 100 0.38 [7]
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Fe R BN 24 m* /g fLKi4E 22.6 nm, P& HH 22

1052/ (£ 2), B DL e B et £
RHA R A K A Z L85, 33K
Ni JORL7E A £k 2 10 19 16 P 07 A g . dom Mg Bl
TG A Ak 55 b 2 T AR S5 L AR B N, FLARE A2 D5
No Y Mg g &l 6% B, 3Ni-6Mg/RHA #f I
3Ni/RHA LI R T 24 m*/g = 72
m?/g, F X ALK 0. 14 em®/g B4 M &= 0. 20
em® /g, FLRAR M 22.6 nm W /NZE 11.3 nm, 7] fEHY
JRA 2 MgO g . MgO 5 NiO AHH AR HIE A
P14 1 85 A R i A A TR 1 A )25 L A i Ak 3R 6 T AR A5
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FLRE 22 AL, i b2 BRI S8 LR R K

ZE4 K 8 WL EEH] 3Ni-Mg/RHA 4 2 1 51
I MgO J& , Ni/RHA 21 H 80 A W0R 4 i, i X
AR ITURL A2 ph 2 T /N OB Y H S T S AN
A% By R A R AR R, TR e X L 2 T R A
Blanco 25" #F 58 B . 4 @ B i 38 vl fig S 804
i 2% T I P AN A TS e A ) 2 T L AR 45 A 1 Bl
A5, B MgO [ in A, 4 4k 75 2 i 2 £L 45 0 B
o, ix 5 SEM 4 45 R — 3, 454 Ni/RHA Al
Ni-Mg/RHA i fb 51 75 H 2R 7K 78 S Ak 5 8 1 305 1k

R % B, i T Ni/RHA i A6 55 B 3% i BUIE, fL
PRBRV/IN 3 1 4 o AT RSN N AR BT 2
FLEGH . S BOP AR B 5 BT B A ) 4 i i
PEA A 3X AT BEJE Ni/RHA Ak 50 £ 175 4 22 19 )it
o — Bk Ul XoF B R AL 7R L 800 Y FLAR KR
B By ik RN 4 1 R B SLE Y A 6 48 e AL IE
LR BB FE 23 SONE . THAS I MgO Btk e L Al
02 T ARR AL AR BRAR R, T 7™ A2 22 FLAG H O R
TR Z&ARME T 5 2 19 S N 3 v » 30 1 Ak 590 9
PR, TR T 1 HE A 57 ) A fE R BE

& 2 RHA iU FIBFLEEM SR

Table 2 Analysis of the pore structure of RHA supported catalyst

AL RER/ (m?/g)  FHSLEF/ (em® /) PR/ (em® /@) AL FL/ (em® /) FL#% /nm
Catalysts S pET \% V vtiero V veso Pore size
3Ni/HZSM-5 260 0.15 0.10 0.05 2.3
3Ni/RHA 24 0.14 0.01 0.13 22.6
3Ni-3Mg/RHA 61 0.21 0.00 0.21 13.6
3Ni-6Mg/RHA 72 0.20 0.00 0.20 11.3
3Ni-9Mg/RHA 68 0.19 0.01 0.18 10.8
3 i # 6%, 3Ni-6Mg/RHA it 1k #I #9 ¥ B i .

— R, FE N JEAE TR v A R0 4 A 7 i
b 5N R 2 A AR S AR Sy B A R A R
i, IF 596 M 4 8 A H 1R A 20 3 A AT,
Ni/RHAFI Ni/HZSM-5 # b . RHA {1 4 A= 9 Ji 1%
Per=yy, b R m UM AL . 7ENi/RHA
AT T P 4 e R AL AL R AP 2 NI A
Z ALK PR AL T R S B Y OB ke B 25 0 A
ROFEUR SR Ni 80 Ni/RHA i 4657 /9 4 1k
WTEEAR . WA MO B 5 L A 1k 5 2 i LA
FUARFRAR KL Fimi 7= A 2 FL 450 L B W MgO B £ 3%
2% T RHA G4 1057 (19 bb 326 i BURFL AR R,
HOR FUK ZE AR T3 2 N3 . 7 S R 454
AT B I MO J5 . Ni-Mg/RHA | H 3
Ni B ERAE 0, I NiMgO B RRAE 06 , H 06 /) 137 55
B 22 # . ;T NiO 5 MgO #H 5 1E H . B 5l
NiMgO H & AH 45 18 TE 25 5 TEARATT 569 BE R A
XU MgO B3t TG M4 8 Ni 594 80 Jf $240t
T NiMgO [ 7R 16 P A7 o5, AT 45 7+ 7 48 fb M B
M Mg gk B ARE . NIO F1 MgO £ fil /b, A1 1 AR H
F1/N T8 B NiMgO 195 7R 3% 4 e A 420, 5 34
AT PR A L oA SR 1) 2 A e Rk 5 T B
TEMEAL R R 1H ;Y Mg TRl mint, 16 P 4 )8 k4
B, BHL IR 70 P 067 505 RRIOK 28 < e, 5 S
FR3E VT B L ZE A AR R 2 DB BB UR . MgO i 2t

3Ni-6Mg/RHA 1 e A W 44 i 700 °C .S/C
Hp 3, KFER E MR A PR ILH 1 1598.6 %0
FR I AL AR B Ry 1.78 % L 1E 8 h % 2L Fa i Ml
NI R S AT N N S R S I I
FE5E K (RHA) g - 4 J8 MgO it tE Ni/RHA
AR TR L PR R 17 28 7 A o 3R B R 1 i AT
SEIL T AN RS AT R 9 4 72 KA Ry N AR 70 24
it MgO 6 # filf 4 1k 570 35 2] 55 06 % 0 8 1k %
PEBE.
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Steam reforming tar model compound with Ni-Mg/RHA catalyst

WU Wei,FAN Qizhou, YI Baojun, LIU Bichen

College of Engineering  Huazhong Agricultural University ,Wuhan 430070,China

Abstract

Biomass gasification is a technology that converts biomass into gas fuel. However,com-

plex tar compounds will be formed in the process,resulting in reduced gasification efficiency and block-

age of downstream equipment. Catalytic steam reforming has been widely used for tar removal. Nickel-

based steam reforming catalysts have attracted people’s attention due to its high activity and low cost.
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Among them, deactivation caused by coke deposition is the biggest challenge of this technology. The
nickel-based catalyst came into being. The loading of metal Ni in the modified nickel-based catalyst not
only affects the activity of the nickel-based catalyst, but also restricts the preparation cost. At present,
there is no report on the steam reforming of biomass tar with a catalyst supporting Ni-Mg active compo-
nents on the by-product RHA (rice husk ash, RHA) of biomass pyrolysis in the treatment of tar with
nickel-based catalysts. This article introduces a promoter and RHA as a carrier to improve the catalytic
performance of the catalyst. It will be of great significance for improving the economic efficiency and an-
ti-coking performance of the catalyst. Biomass combustion product of rice husk ash was selected as the
carrier,and Ni-Mg/RHA catalyst was prepared by co-impregnation method. The catalytic performance of
Ni-Mg/RHA for steam reforming of toluene was studied using toluene as a model compound of biomass
tar. The effects of Ni and Mg loadings,reaction temperature and S/C ratio on toluene conversion and gas
product composition were investigated in a fixed-bed reactor. The catalysts before and after reaction were
characterized by XRD,BET and SEM. The results showed that RHA as a support of single metal Ni-
based catalyst had a certain catalytic activity. Compared with Ni/RHA and Ni/HZSM-5,RHA is a bio-
mass combustion product with small specific surface area and simple pore size structure. In the Ni/RHA
catalyst,the active metal is gathered in the outer layer of the catalyst,and there is no porous structure in-
side. After catalytic reforming of toluene,carbon deposition is easy form to cover the active site,resulting
in the low catalytic activity of Ni/RHA catalyst supported by single metal Ni. After adding MgO modifi-
cation, the catalyst surface area and pore volume was increased and the surface generated porous struc-
ture,indicating that the MgO load improved the specific surface area and pore volume of RHA-supported
catalyst providing more reaction sites for toluene and water vapor. Results of crystal structure analysis
showed that after adding MgO style, Ni characteristic peak did not appear on the Ni-Mg/RHA. NiMgO
characteristic peak,peak diffraction angle shifted to the left. Because of the interaction between NiO and
MgO style,NiMgO crystal phase structure more easily formed under the low degree of diffraction is de-
tected,indicating that MgO style improves the dispersion of active metal Ni and provides NiMgO solid
solution activity sites, which improved the catalytic performance. When Mg load was 6% , the perform-
ance was the best,with the toluene conversion rate of 98.6%. The optimal reaction temperature of 3Ni-
6Mg/RHA catalyst was 700 °C and S/C was 3,having good catalytic stability. The optimal reaction tem-
perature of 3Ni-6Mg/RHA was 700 ‘C and S/C was 3,having good catalytic stability. The feasibility of
using rice husk ash as the support of nickel-based catalyst in the presence of MgO is confirmed.
Keywords tar model compound; steam reforming; nickel-based catalyst; biomass gasification;

promoter; rice husk ash; biomass energy
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