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Experimental study on preparation of bio-oil by hydrothermal
liquefaction of three kinds of lignin
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(Shenyang Aerospace University, College of Energy and Environment, Key Laboratory of Clean Energy of Liaoning, Shenyang
110136, China)

Abstract: Lignin is a natural and renewable resource with aromatic structure. It can be converted into bio-oil by
hydrothermal liquefaction. Due to the complex structure of wood fiber, the structural characteristics and reactivity of
different kinds of lignin are different. Therefore, three typical lignin (kraft lignin (KL), enzymatic hydrolysis lignin
(EHL) and ethanol lignin (OL)) were selected as raw materials. Firstly, physical and chemical properties of the raw
materials were analyzed. Secondly, effects of reaction conditions on characteristics of their hydrothermal
liquefaction bio-oil were investigated. Among them, EHL and OL are guaiacyl units. OL has the highest content of
carbon and hydrogen elements, and its higher heating value reaches 23.54 MJ/kg. The aromatic characteristics are
more obvious, and the phenolic hydroxyl content is relatively high. KL is mainly syringyl unit with less methoxy
and phenolic hydroxyl groups. The results of liquefaction experiment show that when the reaction temperature was
300 °C, yield and energy recovery rate of lignin bio-oil were the highest. The bio-oil yield ranked in the order of
OL>KL>EHL. H/C ratio of bio-oil was concentrated within 1.0-1.4. Chemical composition of the three bio-oils was
different. OL bio-oil contains 9.14% aromatic hydrocarbons, EHL bio-oil contains 41.34% phenolic species, and KL
bio-oil has a higher acid content.
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Table 1 Ultimate analysis and higher heating value of lignin

Ultimate analysis w/%

Ounv (MI kg )

Sample C H o* N S
EHL 47.26 5.74 44.49 0.53 0 18.87
KL 39.02 4.42 21.75 0.38 2.03 17.08
OL 58.04 5.78 34.48 1.09 0 23.60
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Figure 1 Flow chart of lignin liquefaction experiment
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Figure 2 FT-IR spectra of three types of lignin
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Table 2 Pyrolysis characteristics of lignin

Sample Start temperature End temperature Maximum pyr91¥1sis Maximum pyrolysis ~ Average pyrglyflis rate
t/°C t/°C rate V,/(%-min ") rate temperature £,/ °C Vi/(%-min )
KL 230.7 389.2 4.57 269.8 3.82
EHL 322.4 382.5 24.27 364.3 24.99
OL 305.5 400.3 13.29 360.7 12.45
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Figure 5 Effect of reaction temperature on yield and calorific value of lignin liquefied bio-oil
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Table 3 Mass balance of liquefaction reaction
Sample Bio-oil Soli.d residue  Gas + aqueous
yield /% yield /% yield /%
KL (280 °C) 22.5 9.34 68.16
KL (300 C)  26.84 7.28 65.88
KL (320 C) 19.32 6.46 74.22
KL (340 C) 17.1 6.04 76.86
EHL (280 °C)  20.44 35.3 44.26
EHL (300 C) 24.08 334 42.52
EHL (320 C)  22.28 29.8 47.92
EHL (340 C) 16.4 28.42 55.18
OL (280 C) 25.7 42.86 31.44
OL (300 C) 35.8 37.64 26.56
OL (320 C) 25.28 35.1 39.62
OL (340 C) 20.18 32.44 47.38
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b SRR Bt e B A AR 1 B 4 — 3. BHL A= 9 #AE N
29.95 MI/kg, KL 2 i #4424 30.13 MJ/kg, OL 4=
Yrim I E g &, O HR S A G & e T
T . BE I USRI ] B 32 31 A 4 7 2R R
ARSI, 7 — 2 T2 L3RBT Uk ) FH 2%
R RN ES R, A Wi e R RE Rk
AR 53 i U O I S, A K BGRAk  # , AH TR
4T OL sk A FHC% 55 T EHL A1 KL,
222 EYHEITESH

J0 2R 2H A0 WAL 1) EE B o, RN TR T
LR AR BT K AL A Wil o R T
Br, ANk 4 iR o — AR T 2 K B A6 A= P i vh
C & & ¥ BE & T W T+ i i T i, KL A9
HCILE SN 49.339%-70.8%, % T HAth
FRA B R AW . O JCF 2 i B S0 R T 5 i
RIS, HE 0 78 K PO Ak B vp, A T R L B
R KR, K O T Wik = HoAh 7= 41 4y
B FE R R BE SR 340 °C B, = R 16 A=
Y rh H oG ER & 53 b sON R EE R 280 °C B A5 #
TR, AN, KL i T ARG BER T R AR
o, SEEY TS S LR, BB &4 R SO,
SR, BiE AT Y. SARRRIFERA L, =
FlAEY B C. H & 5 ¥ B W3, KL A= 9 v

S F AR D, BRI K

R4 TRREFHTRICEDR TR

Table 4 Elemental analysis of liquefied bio-oil under different reaction conditions

Elemental analysis w/%

Sample - m 5 N S H/C 0/C Ounv (MJkg )
KL (280 ) 49.33 5.39 44.18 0.44 0.67 131 0.67 19.3
KL (300 C) 60.37 6.07 32.42 0.65 0.49 121 0.4 25.03
KL (320 C) 68.56 6.23 243 0.81 0.11 1.09 0.27 28.75
KL (340 C) 70.8 6.51 21.68 0.78 0.23 1.1 0.23 30.13
EHL (280 C) 66.64 5.95 27.06 0.36 0 1.07 0.3 27.42
EHL (300 C) 66.75 5.91 26.95 0.39 0 1.06 0.3 27.42
EHL (320 C) 69.27 6.11 2421 0.42 0 1.06 0.26 28.79
EHL (340 C) 71.26 6.32 22.01 0.42 0 1.06 0.23 29.95
OL (280 C) 66.37 6.56 26.07 1.01 0 1.19 0.29 28.22
OL (300 C) 68.34 7.09 27.15 0.39 0 1.24 0.3 29.7
OL (320 C) 70.48 7.04 21.25 1.23 0 1.2 0.23 30.71
OL (340 C) 72.05 6.97 20.56 0.43 0 1.16 0.21 31.17
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Figure 7 FT-IR spectra of lignin liquefied bio-oils
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Table 5 GC-MS analysis of lignin liquefaction bio-oil (reaction temperature 300 °C)

No. RT Compound Formula KL-oil EHL-oil OL-oil
1 5.87 acetic acid, methyl ester C;H,O, 4.37 2.38
2 6.67 acetic acid C.H.0, 2.29
3 6.74 pentane, 3-methyl- CH,, 2.65 1.93
4 6.79 ethane, 1,1-dimethoxy- C.H,,0, 3.22 12.72
5 6.86 2-butanone C.H:O 6.38 1.40
6 7.48 cyclopentane, methyl- CH,, 0.58
7 9.31 propane, 1,1-dimethoxy- C;H,,0, 1.27
8 9.38 2-butanone, 3-methyl- C;H,,O0 1.33
9 9.39 2-pentanone CsH,,O 0.48
10 9.54 1,3-dioxolane, 2,2-dimethyl- C;H,,0, 1.81
11 10.65 butanoic acid, methyl ester C;H,,0, 0.39 2.62
12 12.39 toluene C;Hy 1.23 5.59
13 12.85 butanoic acid, 2-methyl-, methyl ester C:H,,0, 0.47

14 13.67 furan, 2-methoxy- CsH,O, 24.01
15 14.37 acetic acid, butyl ester C:H,,0, 0.57 3.06

16 15.15 cyclohexane, ethyl- CsHis 0.57 1.88 0.52
17 15.28 1,1,4-trimethylcyclohexane CoHs 0.53
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No. RT Compound Formula KL-oil EHL-oil OL-oil
18 15.48 2-pentanone, 4-hydroxy-4-methyl- CsH.,O, 8.43 5.55
19 16.34 ethylbenzene CsHio 3.57 7.53
20 17.06 acetamide, N-(cyanomethyl)- C,HN,O 2.64

21 17.07 3-penten-2-one, 4-methyl- CsH,,0 0.97
22 17.07 2-hexanone, 6-(acetyloxy)- C:H,,05 2.55

23 17.63 ethylbenzene CsHio 2.96
24 18.30 2-pentanone, 4-methoxy-4-methyl- C,H.,0, 3.88 13.89 6.89
25 19.91 alpha-hydroxyisobutyric acid, acetate CsH,004 2.99

26 20.88 phenol CHO 6.74 222
27 21.501 benzene, 1,2,4-trimethyl- CH,, 1.83 1.20
28 23.51 dl-erythro-1-phenyl-1,2-propanediol C,H,,0, 1.00

29 24.19 p-cresol C,H;O 0.82

30 24.69 benzene, 1-methyl-3-(1-methylethyl)- CioHus 0.57 1.78

31 24.7 o-cymene CiHy 1.26

32 24.85 phenol, 2-methoxy- C,H;0, 7.75 2.55
33 25.75 benzene, 1-ethyl-2,4-dimethyl- CiHy 0.57

34 25.89 benzene, 1,2,4,5-tetramethyl- CioHu 1.64

35 26.54 benzene, 1,2-dimethoxy- CsH,,0, 2.98

36 27.93 phenol, 4-methoxy-3-methyl- C:H,,0, 1.48

37 27.13 phenol, 4-ethyl- CH,,0 13.36 14.55
38 28.13 2-methoxy-5-methylphenol CH,,0, 5.54 0.98
39 29.37 2,3-dimethoxytoluene CyH,,0, 2.49

40 30.70 phenol, 4-ethyl-2-methoxy- C,H,,0, 5.83 5.63 4.74
41 30.78 ethanone, 1-(2,4-dihydroxyphenyl)- C;H;0, 1.75

42 31.52 1,2,3-trimethoxybenzene CyH,,0;4 1.46

43 31.99 1-methylindan-2-one CiH,O 0.83

44 32.68 2,3-dimethoxyphenol CsH,00; 2.61 7.27
45 32.69 phenol, 2,6-dimethoxy-, acetate C,H,O, 12.87

46 33.18 phenol, 2-methoxy-4-propyl- CiH.1:0; 1.12

47 33.97 benzene, 1,2,3-trimethoxy-5-methyl- C,H.,0; 1.28

48 35.21 3,5-dimethoxy-4-hydroxytoluene CoH,,0; 2.01 1.54
49 35.48 dimethyl phthalate CioHi10O4 3.87 1.49
50 35.94 ethanone, 1-(4-hydroxy-3,5-dimethoxyphenyl)- CiH1,04 0.91 6.54

51 36.37 ethanone, 1-(3-hydroxy-4-methoxyphenyl)- C4H,00; 0.71

52 37.21 2,5-dihydroxy-4-methoxyacetophenone C.H,,0, 1.58

53 37.22 4-ethyl-2,6-dimethoxyphenol C,0H.,0; 2.94 1.62
54 38.78 7-methylnaphthalen-2-ol, me derivative C,H,O 0.49

55 39.25 2,6-dimethoxy-4-propylphenol C,H,0; 2.30
56 42.15 4,5-dimethoxy-2-hydroxyacetophenone CioH1,04 1.65
57 42.57 1-naphthol, 6,7-dimethyl- C,,H,,O 0.77

58 45.86 hexadecanoic acid, methyl ester C,;H,,0, 2.93 3.01

59 49.71 methyl stearate C,,H;0, 0.76
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