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Abstract : Steam reforming of tar produced from biomass gasification was conducted using several Ni-based catalysts. In lab-
scale, the catalytic steam reforming of toluene which is a major component of biomass tar was studied. A fixed bed reactor was
used at various temperatures of 400-800 C. Ru (0.6 wt%) and Mn or K (1 wt%) were applied as a promoter in Ni based catalysts.
Generally, Ni/Ru-K/AlLOs catalyst shows higher performance on steam reforming of toluene than Ni/Ru-Mn/Al,O; catalyst. Used
catalysts were analyzed by XRD and TGA to detect sintering and carbon deposition. Base on the lab-scale studies, the monolith
and pellet type catalysts were tested in 1 ton/day scale biomass gasification system. Ni/Ru-K/Al,O3 monolith catalyst shows high
tar reforming performance at high temperature. In addition, Ni/Ru-Mn/Al-Os monolith catalyst was showed deactivation with
operation time. Reforming performance of Ni/Ru-K/ALOjs pellet catalyst which showed 66.7% tar conversion at 587 “C was compared
to regenerated one. Overall, Ni/Ru-K/ALO; pellet catalyst shows higher stability and performance than other used catalysts.
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2.1. =0 XM=t

Hlo] @uj A El=2 JjA 20 AZRS 93, nickel nitrate hexa-
hydrate (Ni(NO3),*6H,0, JUNSEI), Ruthenium chloride hydrate
(RuCl,-xH,0, Aldrich), Potassium nitrate (KNO;, Alfa Aesar),
Manganess nitrate hydrate (Mn(NO3),-xH,0, Aldrich)E o-
alumina (ALOs, Alfa Aesar)o] T3-S o] gslo] 24 HE
A G TtHTable 1). 105 TofA] 24A17F AZ3 &, 2 C/min
o] & HEE 800 CoflA 3A7 59k &4k

HIZ] 5t 5 (bench-scale) 2] 7}28} AJAE o] ARG-E= EBR= 7|

Table 1. Chemical composition of catalysts

Catalyst ?ﬁ::: Promoter | Support Phase
Ni/Ru-Mn/ Ni Ru 0.6 wt%, wALO Powder,
ALO; | 16 wt% | Mn 3 wt% >3 Monolith
Ni/Ru-K/ Ni Ru 0.6 wt%, w-ALO Powder,
ALOs | 16 wt% | K3 wi% 73 | Monolith, Pellet

Figure 1. Ni/Ru-K/Al,0s (a) powder, (b) monolith and (c) pellet catalysts.
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Figure 2. Lab-scale toluene steam reforming system.
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Figure. 3. (a) Bench-scale biomass gasification system and (b) device for tar collecting.
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« Steam reforming reaction
C/Hs + 7TH,O — 7CO + 11H» 3)

C/Hg + 14H,0O — 7CO; + 18H; “)

» Water gas shift reaction

CO + H,0 = CO, + H, Q)

* Boudouard reaction

2CO0 == CO; + C (6)
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Figure 4. Steam reforming of toluene over Ni/Ru-Mn/Al,O; catalyst
at various temperature (GHSV = 10,000 h'l).
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Figure 5. Steam reforming of toluene over Ni/Ru-K/AlLO; catalyst
at various temperature (GHSV = 10,000 h'l).
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Table 2. Conversion of biomass tar over monolith catalysts

Catalyst Temperature (C) Conversion (%)
491 11.7
Ni/Ru-Mn/AlLO; 586 45
683 455
500 0
Ni/Ru-K/Al,O3 610 16.7
715 60
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Table 3. Conversion of biomass tar over fresh and regenerated Ni/
Ru-K/AlLOs pellet catalysts

Catalyst Temperature (C) Conversion (%)
396 21.4
Ni/Ru-K/Al,O;3 491 438
587 66.7
400 19.1
595 15.1
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Figure 8. XRD patterns of Ni/Ru-K/ALO; pellet catalysts : (a) fresh
and (b) regenerated.
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