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Effects of Hot Filtration on Yield and Quality of Bio-oil from Fast Pyrolysis
of Chinese Fir in Fluidized Bed Reactor

ZHU Shen—ia LIU Yun-quan WANG Duo YE Yue-yuan LI Shui-+rong
( College of Energy Xiamen University Xiamen 361102 China)

Abstract: A hot filter was added to a 1 kg/h bench-scale continuous bubbling fluidized bed system for the fast pyrolysis of
Chinese fir to get bio-oils. The effects of hot filter on the yield and stability of bio-oils were studied. The results indicated that both
the yields of pyrolysis oil ( without hot filtration) and filtered oil ( after hot filtration) increased with the increase of pyrolysis
temperature and decreased after 475 °C at which the maximum yields were 58. 1% and 50.7% respectively. The addition of hot
filter resulted in lower oil yield ( approximate 5% —10% decrease) which became worse when pyrolysis temperature increased.
Compared to the pyrolysis-oil | the water content of filtered-oil [ increased from 13.77% to 15.83% pH value increased from
2. 18 t0 2.23 and high-heating value decreased from 20.47 M]J/kg to 19. 53 MJ/kg. However it also showed significant reduction
in solids contents alkali and alkaline earth metals and the overall decline was about 75% which suppressed the happening of
self-polymerization in bio-oils. During the aging tests water content and kinematic viscosity of filtered-oil [ increased by 10.2%
and 57.6% but the fluctuation was less than that of pyrolysis-eil I .GC/MS analysis of the bio-oils showed that less fluctuation
in composition was observed in the filtered-oil | . This indicated a positive impact of the hot filter on the quality of bio-oil.
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Fig.1 Schematic diagram of biomass fast pyrolysis unit
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Table 1 Physio-chemical properties of bio-oils
% pH /(MJ+kg™") D ultimate analysis/%
bio-eil moisture content pH value heating value Hyy C H N 0"
I pyrolysis-oil 1 13.77 2.18 20.47 51.08 6.42 <0.01 42.49
II pyrolysis-oil II 14.41 2.40 19.14 48.55 6.84 <0.01 44.60
Il pyrolysis-oil M 23.48 2.38 17.16 44.62 7.44 <0.01 47.93
[ filtered-oil [ 15.83 2.23 19.53 46.85 6.68 <0.01 46.46
I filtered-oil 1T 21.82 2.48 18.62 44.02 6.30 <0.01 49.67
1l filtered-oil Il 30.12 2.44 16.07 42.31 7.75 <0.01 49.93
1) * : calculated by difference
6-7 9
. 2 I Al Zn
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N 75%
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Table 2 Solids alkali metal and alkaline earth metals content of bio-oil
/% Na/ K/ Al/ Mn/ Cal/ Mg/ Fe/ Zn/
bio-eil solid (mgeL™) (mg'L') (mgeL") (mgL") (mgL') (mgeL') (mgL') (mgeL")
I pyrolysis-oil 0.18 9.76 — 2.17 4.54 13.97 4.06 47.56 2.78
1 filtered-oil [ <0.04 2.89 — <0.66 <0.44 <3.58 <l1.1 11.96 <0.71
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2.3.3 GC-MS
( GCMS) b3 I I
( 80% ).
3 (80 °C) GC-MS
Table 3 GC-MS analysis results of bio-oil before and after aging at 80 °C
/ GC GC content/%
min [ pyrolysis-oil [ I filtered-oil [
renti d molecular
retention compoun, formula 24 h 24 h
time without aging aging for 24 h without aging aging for 24 h
2.58 propanoic acid C;Hg O, 0.29 0.35 0.28 0.31
3.50 - 2- 1-hydroxy-2-propanone C3Hg 0, 6.22 3.32 5.27 3.16
3.73 butanedial C4Hg O, 2.72 1.40 2.53 1.41
5.17 furfural CsH,0, 1.08 1.06 1.25 0.92
8.31 2(5H) - 2( 5H) -furanone C4H,0, 0.77 0.56 0.43 —
8.68 12- 1 2-eyclopentanedione CsHq O, 2.42 0.44 2.22 —
2 2- 3-
CgH;,NO — —
1.6l 2 2~dliethyl 3-methyl-oxazolidine g 1.03 0.79
12.90 3- 4 2- 3-methyld 2-eyclopentanedione ~ CqHgO, 1.62 1.82 1.74 1.91
15.28 guaiacol C,Hg 0O, 5.61 6.69 5.60 6.17
19.28 2- -4 - 2-methoxy—<4-methyl-phenol CgH,,0, 7.29 8.35 7.25 7.99
22.38 4- 2- 4 -ethyl 2-methoxy—phenol CoH},0, 1.73 2.08 1.86 2.12
23.62 4- 3- 4-hydroxy-3-methylacetophenone ~ CoH (0, 2.31 0.72 1.82 0.81
24.92 26— 2 6-dimethoxy-phenol CgH 0, 1.32 1.32 1.37 1.38
25.08 eugenol C,oH,0, 2.67 3.02 2.4 2.85
25.39 2- 44— 2-methoxy—4-propyl-phenol CioHy4 0, 1.90 1.41 1.73 1.47
26.57 vanillin CgHg Oy 2.43 3.31 2.59 2.94
26.75 4- 2- 4-propenyl2-methoxyphenol ~ C;yH;, 0, 10.08 6.31 10.47 7.09
1H4- 3- ) - .
CyH,, O
29.32 1A 4-hydroxy-3-methoxyphenyl) -ethanone 910 154 193 181 2.05
1{4- 3- ) 2-
C,0H, 0
30.67 1« 4-hydroxy-3-methoxyphenyl) 2-propanone 10712 3.67 2.7 3.18 3.49
32.71 cedrul CIZ H250 2.93 - 1.90 -
2 6- 42— ) -
C,,H,,0
3.52 2 6-dimethoxy—4~ 2-propenyl) phenol 174 1.48 1.87 1.57 1.66
3{4- 3- ) 2- .
C,0H;0O
36.51 3~ 4-hydroxy-3 -methoxyphenyl) 2-propenal 10771073 222 2.57 285 298
3 80 C 24 h
o | 16
I 8 o AY
N N o 1- 2-
2.90% 2.11%; 1.32% 1.12%; 2.93%
1.90% -
o 1.08% 0.57%;2- —4- 1.06%
0.74% ; 4- 3- 1.59% 1.01%:; 0.87% 0.35%;
4- 2- 3.77% 3.38% » N

~ N o



475 C 58.1% 50.7%.
( 5%~10%)

o

3.2 I 13.77% 15.83% pH 2.18 2.23
20.47 MJ/kg 19.53 MJ/kg . 75%
3.3 24 h I . 10.2%  57.6% I ;
GC-MS I I

1 MCKENDRY P. Energy production from biomass ( part 1) : Overview of biomass J . Bioresource Technology 2002 83( 1) : 37-46.
2 PAN Pan HU Chang-wei YANG Wen-yan et al. The direct pyrolysis and catalytic pyrolysis of Nannochloropsis sp. residue for renewable bio—
oils J . Bioresource Technology 2010 101( 12) : 4593-4599.
3 MISHRA G R SURESH M KUMARAN K et al. Human protein reference database: 2006 update J . Nucleic Acids Research 2006 34( suppl
1) :411-414.
4 PATTIYA A TITILOYE J O BRIDGWATER A V. Fast pyrolysis of cassava rhizome in the presence of catalysts J . Journal of Analytical and
Applied Pyrolysis 2008 81( 1) :72-79.
5 BALDWIN R M FEIK C J. Bio-oil stabilization and upgrading by hot gas filtration J . Energy & Fuels 2013 27( 6) : 3224-3238.
6 AGBLEVOR F A BESLER S. Inorganic compounds in biomass feedstocks. 1: Effect on the quality of fast pyrolysis oils J . Energy & Fuels
1996 10( 2) :293-298.
7 DIEBOLD J P CZERNIK S SCAHILL J W et al. Hot-gas filtration to remove char from pyrolysis vapors produced in the vortex reactor at NREL
C  //Proceedings of Biomass Pyrolysis Oil Properties and Combustion Meeting 1994: 90-108.
8 CZERNIK S JOHNSON D K BLACK S. Stability of wood fast pyrolysis oil J . Biomass and Bioenergy 1994 7(1):187-192.
9 HOEKSTRA E HOGENDOORN K J A WANG X et al. Fast pyrolysis of biomass in a fluidized bed reactor: In situ filtering of the vapors J .
Industrial & Engineering Chemistry Research 2009 48( 10) : 4744-4756.
10 CHEN TianGu WU Ceng LIU Rong-hou et al. Effect of hot vapor filtration on the characterization of bio-eil from rice husks with fast pyrolysis
in a fluidized-bed reactor J . Bioresource Technology 2011 102( 10) : 6178-6185.

11 . I 2010 29( SI) : 126-132.
LIU Yun-quan LONG Min-nan. Fast pyrolysis of several different biomass J . Chemical Industry and Engineering Progress 2010 29( S1) :
126-132.

12 OASMAA A KUOPPALA E. Fast pyrolysis of forestry residue. 3: Storage stability of liquid fuel J . Energy & Fuels 2003 17(4):
1075-1084.

13 KERSTEN SR A WANG X PRINS W et al. Biomass pyrolysis in a fluidized bed reactor. Part 1: Literature review and model simulations J .
Industrial & Engineering Chemistry Research 2005 44( 23) : 8773-8785.

14 SIPILA K KUOPPALA E FAGERNAS L et al. Characterization of biomass-based flash pyrolysis oils J . Biomass and Bioenergy 1998 14
(2):103-113.

15 OASMAA A CZERNIK S. Fuel oil quality of biomass pyrolysis oils state of the art for the end users J . Energy & Fuels 1999 13(4) :914-921.

16 LU Qiang LI Wen—~Zhi ZHU XiHeng. Overview of fuel properties of biomass fast pyrolysis oils J . Energy Conversion and Management 2009
50(5) : 1376-1383.

17 OASMAA A MEIER D. Norms and standards for fast pyrolysis liquids. 1: Round robin test J . Journal of Analytical and Applied Pyrolysis
2005 73(2):323-334.

18 DIEBOLD J P. A Review of the Chemical and Physical Mechanisms of the Storage Stability of Fast Pyrolysis Bio-oils M . Golden CO:
National Renewable Energy Laboratory 2000.

19 . I 2012 40(2) :184-189.
ZHANG Wei ZHAO Zeng-di ZHENG An-ging et al. Characterization and storage stability analysis of bio-eil J . Journal of Fuel Chemistry
and Technology 2012 40( 2) : 184-189.



