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Production of Light Aromatic Hydrocarbons from
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Abstract Catalytic pyrolysis of three kinds of woody biomass was carried out using a dual-particle powder flu-
idized-bed reactor to produce light aromatic hydrocarbons such as benzene toluene xylene and naphthalene

BTXN . The results showed that pyrolysis temperature of biomass was very low and about 92% of the
volatile matter in the biomass can be released at 673 K indicating that the biomass was suitable for catalytic py-
rolysis at low temperature. The tar in the volatile matter was the product of the primary decomposition and it
was then transformed to lower molecular hydrocarbon compounds at higher temperature during the secondary re-
action. The biomass pyrolysis product distribution could be controlled by adjusting the secondary reaction param-
eters. The test results of the catalytic hydropyrolysis of the biomass over different catalysts showed that the py-
rolysis product distribution depended much on the catalyst types and the pyrolysis temperature. BTXN were the
intermediates of the secondary reaction during the pyrolysis or hydropyrolysis process. When biomass was hy-
dropyrolyzed in the fluidized bed with the CoMo-S Al,O; catalyst BTXN yield reached 6.3% BTX 5.5%
N 0.8% at 863 K. However the highest CH, yield of 99.5% was obtained when a NiMo Al,O; catalyst was
used. Therefore it is important to select a catalyst with proper hydrogenation activity to obtain the highest yield
of BTXN. Different types of woody biomass with similar compositions results in similar product distributions.
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Table 1  Physico-chemical properties of different catalyst samples
Catalyst Average particle size pm BET surface area m® g Apparent density kg m’ Composition w %
NiMo AlLO4 250-500 160 1349 4NiO 14Mo0O; 100AL,04
CoMo Al,O4 250—-560 224 1246 4CoO 13Mo0O; 100A1,04
CoMo-S AlLO4 250—-560 236 1167 4Co0O 13Mo0O; 0.5S 100A1,05
AL Os 297-500 260 1152 AL O;
P-SiO, ” 250538 175 1742 SiO,
SiO, 278 —538 <1 2699 SiO,

* Porous SiO,.
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Table 2 Ultimate and proximate analyses mass fraction of three biomass samples pine Chip-1
Alaskan spruce Chip-2  and tropical lauan Chip-3
) Ultimate analysis % daf Proximate analysis %
Biomass
C H N S (0] Moisture Volatile Ash Fixed carbon
Chip-1 51.74 6.09 0.20 0.16 41.81 7.6 79.6 0.7 12.1
Chip-2 50.80 6.21 — — 42.99 9.2 79.2 0.3 11.3
Chip-3 51.19 6.26 0.06 — 42.49 6.9 79.2 1.8 12.1

daf dry ash-free basis.
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Table 3 Effect of different catalysts on the product yield of Chip-1 hydropyrolysis
10G yield % HCL yield % HCG yield %
Catalyst -
CO CO, B T X N CH, C,H, C,Hg C3Hq C;Hg
NiMo Al,O3 0.52 0 0.009 0 0 0 51.82 0 0 0 0
CoMo Al,O; 9.29 0.54 0.26 0.043 0 0 43.85 0.064 0.50 0.025 0.049
CoMo-S Al,O; 22.63 0.78 3.35 1.82 0.39 0.78 10.39 0.32 3.61 0.28 0.94
AL O; 9.93 4.30 0.40 0.52 0.29 0 2.90 2.97 0.24 1.17 0.04
P-SiO, 9.51 3.74 0.15 0.11 0.07 0 2.55 1.00 0.26 0.38 0.046
SiO, 9.50 3.67 0.037 0.064 0.091 0 2.36 0.70 0.23 0.34 0.04
Reaction conditions H, gas velocity 0.32 m s static bed height 0.08 m 863 K.
B benzene T toluene X xylene N naphthalene.
4 5 SiO,
CO CO,
NIMO Alz 03 COMO Alz 03 CH4 .
40
4 Chip-1
Table 4 Carbon balance during the hydropyrolysis of Chip-1 - °—CO
30 - ——Co
- L )
Yield % =
Catalyst e
Char 10G HCL HCG Tar =
NiMo ALO;  17.47  0.43 0 74.58 2,
CoMo Al,O4 26.15 7.92 0.54 64.12 8 [
CoMo-S Al,0O; 42.40 19.02 10.95 22.96 4.67 10 L
Al O4 39.91 10.41 2.11 11.42 36.15
P-SiO, 40.60 9.84 0.58 6.42 42.56 R
Sio, 40.97  9.87  0.34  5.53 43.29 0 ' = ‘ T
Reaction conditions are the same as in Table 3.
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Fig 3 Effect of pyrolysis temperature on product yields of
Chip-1 pyrolysis over CoMo-S Al O3

3 Reaction conditions are the same as in Table 3.
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Table 5 Product yields of different biomass pyrolysis over the CoMo-S Al,Oj; catalyst
10G yield % HCL yield % HCG yield %
Biomass
S0 Co, B T X N CH, C,H, CoH, CsH, C,Hy
Chip-1 22.63 0.78 3.35 1.82 0.39 0.78 10.32 0.33 3.43 0.30 10.32
Chip-2 22.43 0.80 2.85 1.57 0.54 1.10 8.70 0.51 4.53 0.64 8.70
Chip-3 22.51 0.99 3.10 1.77 0.43 0.97 10.62 0.36 4.12 0.40 10.62
Reaction conditions are the same as in Table 3.
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