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Table 1 ~ Ultimate and proximate analysis of rape straw
FE i THEERSFF
[c] 42.22
[H] 5.53
TCE T/ %ewt,ad [0 51.77
[N] 0.41
[s] 0.07
M 6.12
Tk 53T/ %owt,ad ' 728
A 3.69
FC 17.35
Qun/MJ kg™ 15.92

T : ad— k(TR ) s a— 25k
1.1.2 fEfF]

TR LA 70 HZSM-5(REERIR T A
50) FIArFL 23T MCM-41 (RESSJE T el 20) K
PR, X5 TP A £k SR A B O o R kAR 0.9~
1.6 mm, Jf- & F 105 CHEE T AN T4 2 h, %
B . 22 2 51T MCM-41 #l HZSM-5 (1)
FLESHRRIES 4., & 2 AT I, 5 HZSM-5 AL,
MCM-41 EA 8RRy b 3R m AR LR R, A F T
K F Y T AE AL 3B N & A E— 25 0 4 1k 0 24 i
IV o

+R2 MCM-41F1HZSM-5 FLEMF IS

Table 2 Pore structure characteristic parameters of

MCM-41 and HZSM-5

HEALT R/ g LA Vem® g
MCM-41 791 0.65
HZSM-5 342 0.20

12 {EERERTE

B o T DO I R 2 ) SV S R i
FE TR S5 S AN AR AT FENE B S O S A 2
fiff 3 B2 Sk 500.0 °C 4K R 1R 5.0 kPa, THE# 3
9 20.0 °C/min, HHAFFE R, MCM-41 7EZfE1L
PR A R A T S8 A R E
502.7 C MALIKRZFEE 2.74 em R R E ST 6.83 kPa;
HZSM-5 FE 2 AL P2 B R RS AR e T2 S8
AR EE 491.0 °C AEALIR)Z R 2.71 em A
FHJ1 5.0 kPa'™, g 5 (HI56 XF b I 25 4%
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i TR B M s AR A A, T KR
Py I SRR A AR S N PN TD B A 7 2
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2 5.0 kPa 38 ik B I 45 20 SR A S0 2 N
IRJE T, THE 2 500.0 °C, TR i S 0 2% Y I 3
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T AT 11 28 48 A Ak B N7 i e Ak B 5
T, 2R B R G R ) (B AR
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Fig. 1 Schematic diagram of vacuum pyrolysis and

catalytic upgrading system
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Fig. 2 Product distribution with different layout schemes
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AL TR A WA WA Y3 1 Y4 BB R E A9k
33.56 il 34.31 MJ/kg; S5 AW iyl T340 LE , & B
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Table 3 The physical properties of refined bio-oil with different layout schemes

IRA R YO Y1 Y2 Y3 Y4 S
/g cm™ 1.18 0.98 0.96 0.95 0.97 0.84
pH{H 2.10 5.12 5.95 5.84 6.01 nd"
BB /mm s 8.85 5.87 6.01 5.86 5.14 3~8(20 °C)
Qun/MJ kg 28.44 33.08 33.02 33.56 34.31 45.50
[C1/%wt 59.95 74.67 75.41 76.70 78.80 86.58
[H]1/%wt 9.14 8.01 771 7.93 8.10 13.29
[0]/%wt 30.91 17.32 16.88 15.37 13.10 0.01
n(H)/n(C) 1.830 1.287 1.227 1.241 1.233 1.842
n(0)/n(C) 0.387 0.174 0.168 0.150 0.125 nd

T :a— 280802 s b— A AE 5 d ,b—T B s nd — 2l iz LU 4608 T, M85 8
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Fig. 3 Peak area distribution of hydrocarbon compounds in

bio-oils with different layout schemes
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Fig. 4  Carbon atom distribution of hydrocarbons in

bio-oils with different layout schemes
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Fig. 5 Oxygenated compounds in bio-oils with

different layout schemes

K il A= i A MU S B AR B R 4
WME 6 frm. E6H 0,,0,.0, F1 0,435 w4
Wyim A AL LA Y AR RO . MCM-41
PR R R EE S AR TR



71 X PR, MCM-41/HZSM-5 Pl ZE e AL £ B 2 403 1951

i . v TR AL A 1) A A0 R K B 1 N 55 S 4 I I
HAE LR T2, I AR BRI B RE 1 AR T & e
FY R, HZSM-5 43T Ui 7 4 Ak 24 i o f op
T2 B I B I S L I PR R s I R R S R
B EAIY T RIE L, CO.CO, Fi H,O B
Br2 . EEMA R R, 0 TEARREE 2
BB, 85 E AL A W T BE AR AR 2 I B iy H AR
AL S E W T, =, T R A I RS E T
P B e L W o 28 43 1 O AR AL B T S B i W R
1%, tH &l 6 7] W, , MCM-41/HZSM-5 P [ 4 4k 6
O35 S AL R AR O 53 SR A X A R R AR
YrmAa U 0, L Em & A A DL B A
PO 2% (A8
55r
50r

45F
40F

EHEN
[ejele]e)

ATLTTE

X

YO Yl

Y2 Y3 Y4
FEA

K6 AlFAE T & A G Y AT fi
Fig. 6 The oxygen atom distribution in bio-oils with

different layout schemes
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MCM-41/HZSM-5 CATALYSTS FOR SYNERGISTIC ONLINE
UPGRADING OF PYROLYSIS VAPORS FROM BIOMASS

Liu Sha, Cai Yixi, Fan Yongsheng, Li Xiaohua, Wang Jiajun
(School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Synergistic online upgrading of pyrolysis vapors have been performed on a two-staged fixed-bed reactor in
which two different catalysts are placed in different layers and different sequences (HZSM-5/MCM-41 and MCM-41/
HZSM-5). The result is compared with that of experiments using MCM-41 and HZSM-5 as the catalyst respectively. The
physical and chemical characteristics and composition of organic phase in purified bio-oil have been analyzed to explore
the synergistic catalytic mechanism. The results showed that the bio-oil obtained from synergistic catalytic reaction shows
lower organic phase products but better physicochemical properties than that obtained from singular catalytic reaction.
The bio-oil obtained from synergistic catalytic reaction has relatively high calorific value which are 33.56 MJ/kg and
34.31 MJ/kg respectively. The catalytic reaction increases hydrocarbon content in the refined bio-oil significantly. The
MCM-41/HZSM-5 synergistic catalytic reaction produces many hydrocarbons of which the carbon atoms are mainly Ce-Co
and few aromatic substances. The bio-oil’ s organic phase shows that monocyclic aromatic hydrocarbon takes up a
relatively high proportion of the hydrocarbons. MCM-41/HZSM-5 synergistic catalytic reaction removes oxygen out of
oxygenated macromolecular at a relatively high rate, leading to a relatively lower content of high oxygenated organic
compounds in organic phase of refined bio-oil.

Keywords: bio-oil; synergistic catalysis; molecular; MCM-41; HZSM-5; GC-MS



