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Liquefaction of bamboo powder in ethanol and
characteristics of liquefaction products

LIAO Yi-giang, GUO Yin-ging, LU Ze-xiang, CHEN Min-chuan, SUN Ying-ying,
ZHAO Ying-ting, HUANG Zhen-yong, HUANG Biao
(College of Material Engineering, Fujiang Agriculture and Forestry University. Fuzhou 350002, China)

Abstract With ethanol as reaction medium. concentrated sulfuric acid as catalyst, raw material-mao bamboo powder
was liquefied into bio-oil in a high-pressure reaction kettle. Analysis was conducted to throw light on the effects of
reaction temperature, reaction time, catalyst dosage,ratio of liquid to solid on bamboo powder liquefaction yield; FT-IR
was applied to examine raw material,residue and surface functional groups of this bio-oil, whose chemical composition
was further analyzed through the use of GC-MS. The results of single factor experiments indicated that the above-
mentioned four types of impacts on the bamboo powder liquefaction yield have their own preferred values, respectively,
reaction temperature 160 C .reaction time 40 min, catalyst mass fraction 2% . the ratio of liquid to solid 12 : 1 g/g. The
orthogonal experiment showed that the significance of the effects of four factors on liquefaction yield can be expressed
like this:reaction temperature > reaction time > ratio of liquid to solid > catalyst dosage. The inspection experiment
performed under optimal conditions demonstrated that liquefaction yield can reach 86.44% on average. The FT-IR
analysis of bio-oil from bamboo powder and solid residue revealed that compared with lignin, much more holocelluloses
were liquefied from bamboo powder, while GC-MS analysis showed that the oil produced this way is complex in
composition, with some major compounds such as alcohols, phenols, alkanes, ketones, acids, esters.
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Table 1  Chemical composition analysis of bamboo powder
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Table 2 Result of orthogonal experiment analysis

RIS RNIRE/C I B A L HEAL I &/ % S NE I [] / min WAL/ %

No. Temperature Liquid * solid Catalyst dosage Reaction time Liquation yield
1 140 10 : 1 1 30 51.42

2 140 121 2 45 59. 16

3 140 14 = 1 3 60 64. 68

4 160 10 : 1 2 60 82.59

5 160 12: 1 3 30 84.56
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Fig.5 FT-IR spectrogram of raw materials and residue
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Table 3 Relative content of known compounds in bio-oil from bamboo powder

\ X T
o PRI /min et a0 R GO R
> R iy
7 Retention " " Molecular R Match Content
No. ) Compound name Molecular i )
time formula quality of GC
weight
1 3.743 Z T acetaldehyde C,H,0 44 95 2.48
2 6.166 TR acetic acid C,H,0, 76 95 2.88
3 7.186 4— 2RI TR N TR C, Hs O, 84 92 7.37
4-hydroxybutyric acid gamma-lactone
4 8. 494 T8 2,1 acetic ether C,H; 0, 88 97 2.01
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1%%H¢l‘ﬂ./min P a3 F2 m;gqi N GC‘/F‘TE/%
No. Retention Compound name Molecular Molecalar Match Content
time formula quality of GC
weight
5 9. 234 K phenol CsH; O 94 94 5.32
6 11. 833 KN RN EE allyl n-propyl ether CiH,, O 100 93 2.85
7 12. 432 2-H EL2R W phenol, 2-methyl- C; H80 108 95 20. 95
8 13. 094 4-H F IR phenol, 4-methyl- C, H;O 108 95 2.53
9 13.437 2,5~ H B IR 3G G, H,, O 112 93 1.43
2,5-dimety-lcylcopen tanone
10 14.738 TS % 215 ethyl pyruvate C; Hy O, 116 94 1.91
11 15. 074 LB 2R acetoxyacetic acid CiH O, 118 94 3.26
12 15. 604 2-2 3K W phenol, 2-ethyl- CsH,, O 122 92 0. 60
13 15.975 4-Z, F IR B phenol, 4-ethyl- CsH,,, 0 122 92 1.51
14 16. 151 3-Z, 3 5- W H W 3-ethy-1 5-m ethy-1 phenol  Co H;, O 136 91 0. 30
15 16. 254 2-H 4 e -4- 1 RO 1y CeH,, O, 138 95 0. 67
2-methoxy-4-methylphenol
16 16. 422 )57 decane Cyo Hay 142 91 5.09
17 16. 831 J& 4% acenaphthylene Ci, Hyo 154 92 0.09
18 17.233 2T B 2,6-dimethoxyphenol CyHy Oy 156 95 0.67
19 17. 787 ZELNERATR 2T ethyl 2,4-dioxovalerate C;H,, 0, 158 93 0.56
20 19. 183 3-METH FE-2- R JEHEH B 3-allylsalicylaldehyde  Cio Hy O, 162 92 11.70
21 20. 290 2K 2.1 2, T phenylacetic acid ethyl ester CiwH., 0, 164 91 0.38
22 20. 827 2-H 4 FE-4- T B dihydroeugenol Cio H1, O, 166 94 0.21
23 21. 000 1,2,3-=H & HIHK 1,2,3-trimethoxybenzene CoH,, O, 168 89 0.30
24 22.595 2~ HT-H - 4-(1-H B 2 86 R C,Hi5s0 178 92 5.18
carvacryl ethyl ether
25 23.819 T 3,5-dimethoxy-4-hydroxybenzaldehyde  C, H,, O, 182 95 0. 37
26 24,341 LT B acetosyringone CioHy, O, 196 96 0. 34
27 24.477 |75 hexadecanol CisHs O 242 95 0.28
28 24,702 1FE+ -t %t heptadecane Ci7 Hys 240 96 2.91
29 25. 247 + =42 MR canedicarboxylic acid Cis H,, O, 244 95 8.09
30 27. 374 L% 9h-fluorene Ciys Hyp 166 96 0.78
31 27.698 + A\ ke octadecane Cyo Hyo 268 96 0.22
32 28.073 4-Z, 3 DPM 4-ethyl-DPM Cis Hyg 196 94 3. 06
33 28.579 + = %E B g tridecanoic acid methyl ester Ciy Hys O, 228 92 0.19
34 31.301 2,6~ F1 A8 - 4-2- TR 0 2K 1y Cn Hi, 04 194 94 0.32
2,6-dimethoxy-4-2-propenyl-phenol
35 32.119 % eicosane Cy Huy 296 95 0.23
36 33. 668 JUEH 2125 9-methylene-9h-fluorene C., Hy, 178 96 2.53
37 33.955 PR Z Pyl ferruginol Cy H3 O 286 94 0.13
38 38. 201 H — %% docosane Cyo Has 310 95 0.29
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