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Depolymerization of Lignin in Isopropanol Solvent

TIAN Xiao-dong YE Yue-yuan LIU Yun-quan
( College of Energy Xiamen University Xiamen 361102 China)

Abstract: The depolymerization of lignin in isopropanol was studied by orthogonal array test. It was found that the excellent levels
of the lignin depolymerization in isopropanol were as follows: Ru/C catalyst amount 0. 20 g temperature 280 “C  pressure
2.5 MPa reaction time 8 h. Under these conditions the yield of bio-oil could reach 74.13% and a combined GC content of
phenolics cyclic alcohols cyclic ketones and hydrocarbons achieved 60% . The elemental analyses of lignin feedstock and bio—
oil products indicated that deoxygenation was carried out during the depolymerization. The fourier infrared spectrum ( FTHR)
further indicated that new functional groups such as phenolic hydroxyl and alkyl were formed.
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Table 1 The results of orthogonal array tests of lignin depolymerization in isopropanol
A B c D N cC /%
No. /g /' /MPa N /b null oil yiei(;% solid yiel/d/a ?hennlics
catalyst dosage temp. pressure reaction time GC content
1 0.05 220 1 2 1 59.35 28.86 34.54
2 0.05 240 1.5 4 2 57.94 28.86 47.14
3 0.05 260 2 6 3 62.50 22.80 51.39
4 0.05 280 2. 8 4 65.74 14.11 48.75
5 0.1 220 1. 6 4 68.10 21.39 36.21
6 0.1 240 1 8 3 64.48 21.14 43.05
7 0.1 260 2.5 2 2 67.62 17.16 48.20
8 0.1 280 2 4 1 67.89 11.80 54.75
9 0.15 220 2 8 2 73.00 16.18 38.89
10 0.15 240 2.5 6 1 68.32 15. 66 47.50
11 0.15 260 1 4 4 65.01 16. 85 55.07
12 0.15 280 1.5 2 3 71.90 9.48 54.19
13 0.2 220 2.5 4 3 71.57 17.02 29.94
14 0.2 240 2 2 4 67.09 18.05 38.60
15 0.2 260 1.5 8 1 71.17 9.60 43.48
16 0.2 280 1 6 2 67.06 8.99 47.81
ky 61.38 68.01 63.98 66.49 66.56
k, 67.02 64.46 67.28 65. 60 66.41
ks 69.56 66.58 67.62 66.50 67.61
ky 69.22 68.15 68.31 68.60 66.49
R 8. 18 3.69 4.33 3.00 1.20
ky 23.66 20. 86 18.96 18.39 16.48
ky” 17.87 20.93 17.33 18.63 17.80
ky” 14.54 16.60 17.21 17.21 17.61
ky” 13.42 11.10 15.99 15.26 17.60
R 10.24 9.83 2.97 3.37 1.32
k" 45.46 34.90 45.12 43.88 45.07
k" 45.55 44.07 45.26 46.73 45.51
ky" 48.91 49.54 45.91 45.73 44.64
ky" 39.96 51.38 43.60 43.54 44.66
R" 8.95 16.48 2.31 3.19 0.87
1 N GC 3
A As;
A, GC A A A, A,
A, 0.49% 8.35% GC 22.40% A Ao
B B, C C, D D, A,B,C,D,o
74.13% 3.89% .

N N GC 42.45% 11.10% 6.21%
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Table 2 The elemental analyses of lignin feedstock and bio-oil products
/' C H N oY n( H) /n(C)  n(0) /n(C)
sample temperature
lignin 61.16 7.402 2.447 28.991 1.452 0.356
I bio-oil I 220 63.57 7.853 1.676 26.901 1.482 0.317
II bio-eil 1I 240 65.41 7.976 1.654 24.96 1.463 0.286
111 bio-eil 111 260 66. 86 8. 146 1.597 23.397 1.462 0.262
IV bio-oil 1V 280 67.77 8.419 1.727 22.084 1.491 0.244
1) O elements was measured by subtraction method
2 C.H
0 o
n( H) /n( C) n( 0) /n( C)
17
2.2.2 GC-MS GC-MS 3 o
3 GC-MS
Table 3 The GC-MS analysis of bio-oils
GC GC content/%
No compounds I I 111 v
' bio-eil 1 bio-oil 11 bio-eil 111 bio-eil IV
1 cyclohexanol — — 1.18 0.73
2 4- 4-methylcyclohexanol — 0.65 1.27 0.73
3 phenol 0.17 0.63 1.24 2.19
4 cresol 0.17 — 0.47 0.99
5 gualacol 0.39 1.70 3.46 4.77
6 4- 4-ethylphenol 8.23 20.68 22.74 18.86
7 4- 4 -methylguaiacol 0.19 0.69 1.39 2.27
8 2 3- 2 3-dihydrobenzofuran 8.26 3.51 — —
9 succinic acid diisopropyl ester — — 0.42 0.57
10 4- 4-ethylguaiacol 4.76 11.37 12. 66 12.40
11 4- 2- 4-hydroxy-2-methylacetophenone 3.98 2.15 0.57 —
12 syringol 0.81 2.02 4.32 6.18
13 4- 4 -propylguaiacol 0.57 1.32 1.33 1.93
14 2 3 4 S+etrahydroxypentanal 5.79 2.27 1.70 —
15 4- 4-allylguaiacol 2.87 2.14 1.43 0.90
16 34 5- 3 4 S-irimethoxytoluene 0.87 2.43 3.19 3.35
17 4- 4-allylsyringol 10.47 0.51 0.25 0.60
18 4-hydroxy-benzenepropanoic acid 1.93 4.36 7.49 9.51
19 acetosyringone 2.37 0.74 0.5 0.49
20 hexadecanoic acid ethyl ester 1.62 1.26 0.78 0.70
21 9- 9-octadecenoic acid ethyl ester 2.03 0.91 0.20 —
phenolic compounds 34.54 41.06 49.29 51.09
total compounds 55.48 59.34 66.59 67.17
3 N N N
51.09% GC
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Fig.1 The IR spectra of samples
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3.2 : Ru/C 0.20 g

280 C. 2.5 MPa. 8 ho 74.13%; N
GC 60% - 4- “4- N N
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