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Abstract: In order to effectively improve the bio-oil upgrading efficiency, the non-thermal plasma
technology was introduced to conduct the online upgrading of bio-oil based on the HZSM — 5 and
Ti/HZSM — 5 catalysis. The effects of different compound modes, including the plasma synergistic
catalysis ( PSC ) and the plasma enhanced -catalysis ( PEC ), on the refined bio-oil yields,
physicochemical properties, compositions and catalyst stability were investigated in detail. The results
showed that the production of refined bio-oil was gradually decreased with the introduction of Ti ions and
plasma-discharge technology, in which the yield of refined bio-oil obtained from Ti/HZSM — 5 ( PEC)
catalysis was only 13. 84% , but the distribution of hydrocarbons was obviously improved. In comparison,
the total hydrocarbon content in the refined bio-oil obtained from Ti/HZSM — 5 (PSC) catalysis was
slightly lower, but the product ratio with higher ratio of hydrogen to carbon was high as 68. 89% , so its
physicochemical properties were better and the high heating value was up to 36. 52 MJ/kg. In the PSC
method, the impact of plasma on the surface of catalyst was stronger, which made the coking rate of
catalyst relatively low, so the coking content of Ti/HZSM —5 employed in the PSC method was the lowest
(integral area of 5.24% ) and the catalytic stability was the highest. In general, the PSC method was
superior to the PEC method based on the catalytic action of Ti/HZSM —5.
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Tab.1 Proximate and ultimate analysis of camphorwood and its high heating value

2 TAb S (50 /% TR BT (B E0) /% HHV/
- K4y Vs 55 5 I 5 H N S 0 (MJ-kg™")
Bl 5.60 1.00 78.97 14. 43 46. 58 6.07 0.36 0.06 46.93 18.57
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BT 3% i
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( Scanning electron microscope, SEM) it & X §F £k i
X BE 1% 43 #T1L ( Energy dispersive spectrometer, EDS)
G A Ak 7R B IX 26 T 67 28 0T R 43 A >R A Builder

SSA4300 A4 b 7 1 AR 3 A A0 A 1 R0 19 B 2 i AR
LA (AL BT A AL ) 3L 25 B L i Brunner —
Emmet — Teller ( BET) #& #1 5K 15 [t & mi &, 3 h
Barrett — Joyner — Halenda ( BJH) B i+ B fL 4, F*
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Fig.1 Schematic diagrams of PSC and PEC reactors
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Fig.2 Experimental system of bio-oil online upgrading
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Fig.3 Results of catalyst characterizations
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Tab.2 Effects of different methods on product yields %

Py HZSM -5 HZSM — 5 ( PSC) Ti/HZSM — 5 ( PSC) Ti/HZSM — 5 ( PEC)
[ 4 S5 2 43 19. 46 19. 50 19.55 19.52
SR T A B 42.12 44.95 49.51 50. 99
VRORH JTT 4 53 B 38.42 35.55 30. 94 29. 49
A= B i 434 20. 70 18.63 15.05 13. 84
HE W O VRORE R T 4 R 53.88 52. 41 48. 64 46.93
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Tab.3 Physiochemical properties of refined bio-oils by different methods

AL T RB-1 RB-1I RB -1I RB-IV T
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pH {H 4.54 5.10 5.94 6.01
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HHV/(MJ-kg ") 34.71 35.23 36.52 36. 19 45 ~48
C FHRA 8 % 72.71 78. 43 78.85 79.76 0 ~84.20
H 550 % 9.72 8.36 9.04 8.48 0~15.79
O Jfi 4y 8/ % 19.57 13.21 12.11 11.76 0~0.01
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Fig.4 Effects of different methods on hydrocarbon

contents and carbon atom distribution in refined bio-oils
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Fig.5 Effects of different methods on oxygenate

contents and oxygen atom distribution in refined bio-oils
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Fig.6 TG and DTG curves of Ti/HZSM —5 by different

methods after being used with the same time
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