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Figure 1 The structure of lignin
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Table 1 The element analysis of different samples

B TR A
KEZE GadeE! Ky N/ c/ H/ o/ AL HAE/ (M kg 1)
% % % % % % %
o 10.99 68.42 16.47 0.81 37.06 5.18 40.45 1:1.7:0.8 12.72
= 13.01 62.52 20.20 0.38 38.15 5.27 36.2 1:1.7:0.75 12.03
B 36.9 37.4 25.7 0.47 36.38 4.64 32.81 1:1.5:0.6 13.08
Y2 — — — — 44.4 6.2 49.4 1:1.6:0.8 15.02
A — — — — 60~66  5~6.5  27.5~35 1:1.7:0.5~1:2.1:0.7 22~25

1.2 587

B Sg B MR 3B E BRI ARG FRANK 100mm, MAE0 10mm 1 AN H RV ZE .
T B i IR 25MPa (1 770 600°C RIREE S 38 A ) DR HEAT A ER N AN 2 TR A
# 350°C. FH#E Ry 10Chnin, ZERV IR 350CYERF Th, AR RE . 5 28 P39 HE 7 284K T F
£ 10~20MPa Z 8], 50042 [ R 0k S 304 T e 26 1 Wie e 101°C~A50°C {188 43, F €8 Jo0 15 FH A (Hewlett~
Packard 6890) 734 Ho i AH ) 24

2 TR

2.1 R BREENE BEHMRENSESSENTL

M 2 F S BRI R RS BB B AG T U K 2R T RS54 D IR A Ja R 1 Al B JEORHR A 74
WERAZIR A 254 BR 25 T ORI AR AT UER G50, A TP YER B LT 4ER M . il Mg 2 J5 . el
YR AR R AR AR R A BR EARTE B Y Ak 1 R R AR AR R BURE SRR AR
o SRR B TR R A A W Sy 3. 100, AR T AR R A S 4T 4E R B ALK
92.05%0, J34h ¥4 BEROE 1L % AR TR ISR BE V0T 45 5 WS AV o 1 3T 0 BB BRI 43
By 23000 6.6700, LR A 2L YE R AR, PRSP ARTRE &R 3690, RIR AR
PARCIRAS 43 30h 3T A 0K 25. 720 [l Bk B S i RS AT K KIR AR, 3k R R R R OB & KRR £F



« 34 . T T 2007 4 6 f

YERFPLTYER  HEE M b A KRR BRI,

(a) FRALERFTHY TG S (b) BRALFR 5 #YFf B R
(a) The surface of untreated rice straw ( > 1000) (b) The surface of rice straw treated by weak acid (< 1000)
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Figure 2 Changes of the rice straw surface after treated by week acid

2.2 WEEmGIENEYRHSHES IR

100 4 h. BH 9. 07

d.38 A TE
s
I
1 I ulllb az
|, 17. 48
m ll ’MM‘” 67 21, Tlay, 8y
| \“'L AJ ,'2_1 *‘1‘-; u 2,..n A4
Twin sl TTTia.e : is y 2G.@ 25.@ 3@
3 RS I AT A R B TR E
Figure 3 The TIC of the bio-petroleum prepared by rice straw
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Figure 4 TIC of the bio-petroleum prepared from ligninrich rice straw
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Table 2 The analysis of the products of bio-petroleum prepared from rice straw

g5 {3 B B 1] /min weaw & [mol Y0
1 1.067 7K 2.678
2 1.183 1L 2.424
3 1.367 2- TR 1.619
4 1.633 # 0.384
5 1.750 2- 1% R 41.816
6 1.867 2,5 F Lk i 4.415
7 2.384 2T W FEER U 4.909
8 2.650 IR 3.365
9 2.767 2,3, 3-Z -1, 4% 2.413
10 3.317 O 3.533
11 3.656 1,2-— gL 0.928
12 3.767 1,3- gk 1.027
13 4.084 4- PP -2~ T L 4.572
14 4.167 1,4-— 3L 0.909
15 4.456 2RI N A 3.139
16 5.367 1-7, 3-2- i g 1.744
17 5.884 My 2.975
18 5.950 1,3,5-= 4 0.888
19 6.102 R 2.191
20 6.734 THE 1.875
21 7.134 2-H HL 1.705
22 7.551 3- 1 HL Ty 1.975
23 7.717 A-FUAE R 2.926
24 8.034 2- B LS W I Il 4.415
25 8.717 2,4-— LR 0.541
26 9.067 2- 7, FHT 3.607
27 9.334 2 2.277
28 9.817 A4, T~ F R e 4.020
29 10.184 2,3, 6-= FI 3L ) 1.737
30 10.534 2-7, Fe-4- I 3.356
31 10.801 1, 4-— FI 4R HL-2- F gt 2.356
32 10.967 + =k 1.448
33 11.101 IR ETE 2.527
34 11.301 2,3-—5-3, 3- — H k- 1H-Ei- 1R 2.796
35 12.417 + P ks 1.145
36 13.784 iz 2.303
37 15.084 RVAYS 0.802
38 16.318 2,7,10-= B 3+ — 4z 0.777
39 16.684 2L 1L 3= IR O 1.303
40 17.484 R 0.582
41 17.735 B 0.625
42 18.601 + 0.566
43 18.668 2+ 0.474
44 18.918 94 iR 0.948
45 19.668 +tk 0.493
16 20.701 2- B 3+ ok 0.492
47 21.701 ELoILY) 0.413
48 22.635 RKEY 0.010
49 22.668 +H ke 0.379
50 23.602 —pus 0.167
51 24.518 — 0.304
52 25.418 I WAy 5 0.188
53 26.335 i Y 0.130
54 27.268 s 0.121
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Table 3 The analysis of the products of bio-petroleum prepared from lignin-rich rice straw

e 1% B 1} 1] /min &Y B [mol 1]
1 1.667 Tk 0.720
2 2.467 * 3.531
3 3.75 LFHEHE 1.340
4 3.884 1,2-— HIHLE 1.455
5 4.184 4R HE-2- T LR I 0.893
6 4.284 1,4-— HIFEE 0.946
7 4.334 1,3-— W 0.488
8 5.984 My 4.345
9 7.267 2-H H 5.412
10 7.667 3-F B 2.433
11 7.717 4-FP LT 1.003
12 8.134 2-7 HH 1.560
13 8.667 g 2.990
14 8.884 2,4 HELIERY 8.354
15 9.234 37 H 9.720
16 9.417 2,3, 6-= I HIEW 3.494
17 9.517 2-7, Fa-4- L HE B 1.135
18 9.734 2,3~ W g 2.186
19 10.317 1-7, He-d- g S 5.884
20 10.651 2, 6-— i L 28 g 3.872
21 11.401 2,3,6-= F 384z 2.075
22 12.518 + P ks 2.600
23 13.884 2,3~ F L 3.872
24 14.034 4-F JE- PO 45 2.070
25 14.534 2,3, 6-= I Hpifs 2.070
26 14.884 e he 0.104
27 15.168 + 2.133
28 16.401 2,6 H I F ke 2.102
29 16.468 Bi 1.660
30 17.551 + o\ kx 1.466
31 18.601 2tk 0.336
32 18.685 +pu gz 2.133
33 18.751 9+ )\ R 1.061
34 18.968 275tk 0.340
35 19.751 e 2.081
36 20.785 A-FFE 2.291
37 21.768 o S - 1.923
38 22.718 — =k 2.543
39 23.652 — s 1.046
40 24.552 ik 0.662
41 25.452 e N 0.306
42 26.352 B S 0.583
43 27.252 e AN 0.418
44 28.820 ks 0.335
45 29.101 =tk 0.201

BB R R LB T 1A AR BT A e, BRI X S R & R AR T 0. 100,
2R b BIRRRE S S A A AT B A A S R A RS ESARR, Blandk 1 iR EER
S 0.384 %, fEF£ 2 3k 3.531% ;3 1 dhfig 1, 2- LAY & B 0.928%0, #0362 Fhly 1.445%0; 3¢
BatEse L PRy Bl 2.97500 762 2 iy &8 4.34500: 2, 4- — HIEEMER 1 hit &8 0.541 00, 1
TEZ 2 vl 8. 35400 4k, 5 B S BEAR R LA B AR i o R HE R A & . 2R DL R R B A
AR DA K T B B AL, HEHU IR AR L | 7, 0 AN A | 50, ik FHAE A B AE 9 T ) AR o R



55 6 44 [T S R B <37 .

Ly rh IR LR R TR S PRI R PR 25 X 5 AR SO A R R AR R il
RS PR S A Cos — Cao Y IBERERE , T AR 0 A5 2 80 A A0 Tl P A I B RS R AR 35 B s e T
an—FTAF 2 I BEREAT .

REPITHHAE i 70 S VT 98 T 3% 4, LUHRE Oy B v, IR 0K R e et A A X 5 LA DR R 4R s 3
22.2%0,32.8%0, MMM B 2RRU MR & B IR AR 2 4.3700, By2RRARN & B A 1l R &
KRKAEAHy 40.63%0, X ift—25 P BHER AP 4E B A WA R T W AR BT 45 80 A 4 il b LK A 2 SRR 26
L& ARRS & B R Rt 220 B A e E RO T SR S A,

T4 EYGHPNEFRAS RS ERNNE

Table 4 Content of four types components of bio-petroleum prepared by the two samples

2% [mol 0] % [mol /4 ] K2 [mol ¥4 ] BRI 22 R 2 [mol % ]
RS — 12.8 42.51 11.3 32.54
Ffdh — 22.2 40.63 32.8 4.37
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Conversion of Rice Straw Rich-in Lignin to Bio-petroleum
at Low Temperature

WANG Chao PAN Jingxue; DU Zhankui. YANG Zhengyu
( Technical Institute of Physics and Chemistry» Chinese Academy of Sciences> Beijing 100101, China)

Abstract ;: Among the three natural macromolecules that constitute the biomass like straws and stalks, only lignin
has the mole ratio of C. H,0 (1:1.330.3)closed to that of crude petroleum (1:1.6:0.05). In this paper. rice straw
was pretreated by weak acid and cellulase 92.5% hemicellulose and 7276 cellulose were removed . And the sample
that contained 3676 lignin was further reformed at low temperature (320°C, 10MPa) to obtained gasoline and diesel
oil fractions that is, “bio-petroleum” . Compared with the oil obtained from rice straw, the relative content of long
chain hydrocarbons were increased greatly ( 32~5%) » while the relative content of the oxygenous compounds were
decreased - So, the components of the oil were concentrated on the benzene and phenolic compounds, which was favor
for further separation to obtain gasoline and diesel oil products with high value -

Key words : Natural micromolecule; Lignin; Bio-petroleum; Long-chain alkane



