BmoR e ¥ ¥ R
Journal of Fuel Chemistry and Technology

Vol. 41 No. 12
Dec. 2013

541 % 512 1
2013 4E 12 H

XEHS: 0253-2409(2013) 12-1459-07
KEEHETL/BIERZEPHRENLZRHAR

FHER, FRA, HRAE, HEE
(PP AL KA R R 552 B L8 IR A S 0% , LT WU 110136)

i OE. e R N 4 R LA TS FE W/ B I AR S T X KRB RS AT A T AL SE I R 5T, B 58 T IO IR B RE AT/
L LY K A5 B8 B IR G AE AT AL P B2 IR, B 5 T NG IR 325 °C FEAT 5 48 LE M 1.0/10. 0 (g/mL) S WA [] 60 min AL
&, TEICAE R REFF AL ERN 78.32% |, R ALIMICR A 55. 03% ;i it GC-MS SHRALIMBE T 2007, Z5 R0, AL Ym a3
BB EFIEEZE | b RAKAY 50% A2 47, WAkl A 28. 95 MI/kg iz 8IB5E M 5. 63 mm®/s, K& 4 2.2% ,
KA . KREREF; B, WAL Y BIGRTAR; GC-MS

hESES: TK6 XTEFRIRAD: A

Liquefaction of rice stalk in sub- and supercritical ethanol

LI Run-dong, LI Bing-shuo, YANG Tian-hua, XIE Ying-hui
(College of Energy and Environment, Key Laboratory of Clean Energy of Liaoning Province,
Shenyang Aerospace University, Shenyang 110136, China)

Abstract: Rice stalk (RS) was liquefied in ethanol under sub- and supercritical conditions in a batch autoclave ;
the influences of reaction temperature, RS/ethanol ratio and residence time on the liquefaction behavior were
investigated. Under the optimized conditions, i. e. 325 C, a RS/ethanol ratio of 1/10 (g/mL) , and a residence
time of 60 min, the RS conversion and oil yield reach 78.32% and 55.03% , respectively. The GC/MS analysis
results illustrate that the dominant components of the bio-oil are phenols and esters, which account for about 50%
of the bio-oil product. The bio-o0il product obtained exhibits a high heat value (HHV) of 28. 95 MJ/kg, a

kinematic viscosity of 5.63 mm’/s, and a water content of 2.2% .
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Table 1 Proximate, ultimate and heating value analysis of RS material

Proximate analysis w,/% Ultimate analysis w /% .
IY; 1 v FC C H o N S Heating value Q/(MJ - kg™ )
5.99 15.84 71.55 6.62 39.77 5.53 53.64  0.82 0.24 17.62
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Figure 3 Relationship between the reaction time
and the temperature and pressure in the autoclave
temperature ; 325 C; myg: 15 g;
ethanol usage: 150 mL; retention time: 60 min
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Figure 4 Effect of temperature on the products yields
M : conversion; A: liquid yield;
v . residue yield; . gas yield
Mg : 15 g; ethanol usage: 150 mL; retention time: 60 min
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Figure 6  Effect of residence time on the products yields

W : conversion; A liquid yield; v : residue yield; : gas yield

Mys: 15 g; ethanol usage: 150 mL
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Table 2 Major chemical compositions of bio-oil
No. RT Compound Formula Area % No. RT Compound Formula  Area %
1 2.12 acetic acid C,H,0, 0.55 40 14.38 ethylidene cyclooctane CoHyg 0.46
2 2.54 1-butanol C,H,,O0 1.01 41 14.63 phenol, 2,3-dimethyl- C;H,,0 1.74
3 2.58 2-buten-1-ol C,H;O 0.73 42 14.79 1,3-cyclopentanedione , C,H,,0, 1.21
2-ethyl-2-methyl-
2.91 1,2-ethanediol C,H,O, 1.15 43 14.90 phenol, 4-ethoxy- CH,,0, 1.39
5 3.56 propylene glycol C,H, 0, 0.88 44 15.27 cyclobutanecarboxylic C,sHy; O, 0.87
acid, undec-10-enyl ester
6 4.93 propanoic acid, C;H,,0, 0.77 45 15.47 phenol, 4-ethyl- CyH,,0 4.89
2-hydroxy-, ethyl ester
7 5.60 3-hexanol, 4,4-dimethyl- C,H;O 0.56 46 15.74 butanedioic acid, C;H,,0, 1.58
diethyl ester
6.03 2-furanmethanol C,;H,O, 1.52 47 15.89 phenol ,2-ethyl-4-methyl- C,H,,0 1.60
6.34 1-hexanol C:H,,0 0.49 48 16.10 phenol,2-methoxy-4-methyl-  CyH, 0O, 1.70
10 6.77 2-furanol, C;H,,0, 0.55 49 16.49 diethyl methylsuccinate C,H,O, 1.13
tetrahydro-2-methyl-
11 7.40 butanoic acid, 2- C¢H,,0, 1.53 50 16.58 2(3H) -benzofuranone, C,H,,0, 0.69
hydroxy-, ethyl ester hexahydro-3-methylene-
12 7.61 butyrolactone C,H,0, 1.14 51 16.97 1,5,5-trimethyl-6- CoHy 0.96
methylene-cyclohexene
13 7.88 propane, 2-ethoxy- CH,,0 0.98 52 17.19  phenol,4-ethyl-3-methyl- CH,,0 0.87
14 8.33  cyclopentanone, 2-ethyl- C,H,,0 0.63 53 17.30 butanedioic acid, C;H,,0, 1.84
2-isopropenyl-2-methyl-
15 8.66 ethyl trans-2-pentenoate C,H,,0, 0.57 54 17.45 benzene,1-ethyl-4-methoxy- C,H,0 0.94
16 8.96 hexanoic acid, ethyl ester CgH,,O, 0.45 55 17.57 2,6-dimethyl-8-oxoocta-2, C,,H;O, 0.89
6-dienoic acid, methyl ester
17 9.13 2-cyclopenten-1-one, C,H;O 0.71 56 18.06 3-cyclohexene-1-methanol C,;H,,0, 0.93
3-methyl- m4-trimethyl-, propanoate
18 10.00 phenol C¢H,O 1.93 57 18.22 geranyl isovalerate CsH, O, 1.08
19 10.17 4-[1,3]dioxan2-yl-3,4- C,H4 O, 2.17 58 18.55 phenol,4-ethyl2-methoxy- C,H,,O,  4.33
dimethylcyclohex-2-enone
20 10.24 hexanoic acid, ethyl ester CyH (O, 1.00 59 18.72 hexanedioic acid, C,H,,0, 0.81
monoethyl ester
21 10.52 3-hexenoic acid, ethyl ester CgH,0, 0.72 60 18.93 1,4-benzenediol, C,H,,0, 1.01
2,5-dimethyl-
22 11.02 2-cyclopenten-1- C,H,,0 0.65 61 19.48 thymol C,H.,O 1.24
one, 2,3,4-trimethyl
23 11.22 2-cyclohexen-1-one, C,H,,0 0.61 62 20.39 2 ,5-diethylphenol C,,H,O 1.22
3 4-dimethyl-
24 11.43 2-cyclopenten-1-one , C,H,,0 1.28 63 20.48 benzenepropanoic C,,H,0, 1.43
2 ,3-dimethyl- acid, ethyl ester
25 11.60 2-hexenoic C,H,,0, 1.05 64 20.89 phenol 2, C,H,,0, 0.97
acid, ethyl ester 6-dimethoxy-
26 12.04 wd-Glucopyranoside , C,H,,04 1.37 65 22.57 phenol ,2- C,,H,0, 0.74
methyl 3 ,6-anhydro- methoxy-4-propyl-
27 12.18 phenol, 3-methyl- C,H,O  1.33 66 24.86 4-ethyl-2,5-¢ C,H,NO, 0.87
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No. RT Compound Formula Area % No. RT Compound Formula  Area %
dimethoxyphenethylamin
28 12.59 6-hydroxymethyl-5- C;H,,0, 0.73 67 26.82 5-tert-butylpyrogallol C, H,,0, 0.82
methyl-bicyclo
29 12.75 propanoic acid, 2- C;H,,0, 9.13 68 27.78 2 ,4-hexadienedioic acid, C,H;0O, 0.43
methyl-, anhydride 3 ,4-diethyl-, dimethyl ester
30 12.82 2-t-butyl-5-propyl- C, H;;O, 1.61 69 29.80 1-dodecanol , C,sH;,0 0.64
[1,3]dioxolan-4-one 3,7,11-trimethyl-
31 12.94 2-cyclohexen-1-one, C,H,,0 0.55 70 30.42 ethyl-m(4-hydroxy-3- C,H,O, 0.50
3,4-dimethyl- methoxy-phenyl ) -propionate
32 13.05 phenol, 2-methoxy- C,H, 0, 2.57 71 31.12 hexadecanoic C,H;0, 0.52
acid, ethyl ester
33 13.32 spiro[ 2. 3 Jhexan- CoyHO 0.63 72 32.70 pentadecanoic C,H,,0, 2.80
5-one, 4,4-diethyl- acid, ethyl ester
34 13.40 cyclohexene, CyHy¢ 0.79 73 33.53 hexadecanoic acid, CsH;0, 0.43
3-(1-methylethyl ) - ethyl ester
35 13.58 phenol, 2,3-dimethyl- CH,,0 0.56 74 34.10 heptadecanoic acid, C,,H;;O, 0.68
ethyl ester
36 13.71  cyclohexaneethanol, 4- CoHsO 0.53 75 34.14 ethyl oleate C,, H;;O, 0.76
methyl-mmethylene-, trans-
37 13.86 propanoic acid, 3- C¢H,,0, 0.78 76 34.27 ethyl oleate C,, H;;O, 0.75
(2-hydroxycyclobutylidene )
-2-methyl-
38 13.94 2-cyclopenten-1- C,H,0 0.45 77 35.54 octadecanoic C,,H,0, 0.91
one, 2,3,4,5-tetramethyl- acid, ethyl ester
39 14.28 spiro[ 2. 3 Jhexan- CoHsO 0.53 78 36.13 methyl19- C,H,0, 0.47
5-one, 4,4-diethyl- methyl-eicosanoate
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Figure 7 Total ion chromatograms of bio-oil Acid 7777317
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Figure 8 Relative content of main compounds groups in bio-oil
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