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Abstract : In this paper, comparative analyses of the pyrolysis and liquefaction behavior of lignin and lignin in polyhydric
alcohols are studied by thermogravimetric analysis. It indicates that the co-solvent pyrolysis process is more beneficial for
biomass degradation, and the efficiency is better when using glycerol as solvent. Based on iso-conversional and Malek
methods , the apparent activation energy ,frequency factor and reaction mechanism functions of lignin co-solvent pyrolysis
in PEG400 and glycerol are obtained. The conclusion is helpful to further study on the mechanism of biomass liquefaction
in polyhydric alcohols.
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Fig.1 TG and DTG curves of lignin pyrolysis and its liquefaction in polyhydric alcohols
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Fig. 2 Plots for the identification of activation energies during lignin liquefaction, lignin liquefaction
under PEG400 and glycerol using Starink method
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Fig. 3 Plots for the identification of activation energies during lignin liquefaction, lignin liquefaction
under PEG400 and glycerol using FWO method
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Table 1 Activation energies of lignin liquefaction obtained at different conversion rates

Foitk o L Sennkik e
E/(kJ-mol™") X ZRER E/(kJ-mol™") X ZRER
0.1 134.05 0.988 2 134.56 0.989 3
0.2 134.80 0.950 2 135.83 0.955 4
0.3 173.00 0.981 2 172.63 0.982 9
0.4 189.13 0.988 9 188.33 0.989 8
0.5 205.28 0.989 1 204.08 0.989 9
0.6 193.01 0.960 3 192.73 0.963 6
0.7 183.20 0.926 3 183.74 0.932 8
0.8 201.72 0.926 9 201.85 0.933 1
SEHE 176.78 176.72

R2 ARRERZ-EHDABBEUETRFLEZGTHRUELE

Table 2 Activation energies of lignin liquefaction under PEG400 obtained at different conversion rates

AL o _ Starink 7% SR . FWO % SR
E/(kJ-mol™") HREER E/(kJ-mol™") HRFALR
0.1 59.50 0.991 4 64.72 0.993 8
Kb 1 0.2 67.42 0.999 9 72.73 0.999 9
0.3 76.11 0.998 7 81.29 0.998 9
S {E 67.68 72.91
0.4 84.57 0.999 8 89.57 0.999 9
0.5 93.25 0.999 1 98.00 0.999 2
0.6 102.25 0.999 4 106.72 0.999 6
X 45 2 0.7 104.76 0.999 4 109.23 0.999 5
0.8 123.01 0.998 8 126.75 0.999 0
0.9 136.29 0.999 5 139.56 0.999 5
SH51{E 107.36 111.64
R3 AREERNZEHEHABRUNAREXEZGTHRIENLEE
Table 3 Activation energies of lignin liquefaction under glycerol obtained at different conversion rates
Starink 7% FWO ¥
B
E/(kJ-mol™") MR AL R? E/(kJ-mol™") HXRFRE R
0.1 81.10 0.977 2 84.28 0.980 5
0.2 106.00 0.971 8 108.29 0.975 2
0.3 98.98 0.945 4 101.75 0.952 4
0.4 94.82 0.978 0 97.90 0.981 0
0.5 90.78 0.996 1 94.18 0.996 8
0.6 85.42 0.986 0 89.16 0.988 5
0.7 80.64 0.972 0 84.68 0.977 2
0.8 83.16 0.997 7 87.17 0.998 2
0.9 80.93 0.999 8 85.18 0.999 8
I 89.10 92.51
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Table 4 Kinetic parameters of lignin liquefaction and liquefied in PEG 400 and glycerol

ZH KRIRE/ R B NGy AJRE /TN =
E(kJ-mol™) 70.30 176.75 90.80
K 1 SN BB Order of Reaction(n=1/4) J-M-A Equation J-M-A Equation
; SR B n 0.22 0.95
lgA(s™") 5.01 16.71 8.76
E(kJ+mol™") 109.50
X 3k 2 SN AL B Jander Equation(2D,n=2)
lgA(s™") 8.05
x5 AREABREARZERZ B A-BEHIABRLNINEFTESE
Table 5 Kinetic characteristic parameters of lignin liquefaction and liquefied in PEG 400 and glycerol
A/(s™h) =AS'/(J/(mol-K) ) AH'/(k]/mol) AG'/(kJ/mol) P
LP 5.14x10'° -61.51 172.10 137.80 1.64x10°
LPL X35 1 1.01x10° 162.74 65.65 156.71 3.21x107°
[X 15 2 1.12x108 105.40 104.31 170.09 3.16x107°
LGL 5.72x10% 90.02 84.86 130.71 1.99x107°

T LPLPL il LGL 23U A FUR P S B3R A0 3R 2 1 0 = Bl B T B Bl L 2.

R 5 AR BN BIBAR K T RE/NT 107~ 10" B9 “ IEH AR B T ATUR B B2 5035 AU o8 1E (8, HoAR
R R R AL 249 0 B A, W WA S 5 e P i A 288 15 W O 4 ) L BB SEA e, 8 %) 701 iR sl A
A SR ABR W A7, AR AE T s (AL P ER 2 a7 BH PR BR A (EDERAER, SR s Mt s, ik 5 g P e
AR R BURTE R £ 1 (N =Bl B P 1) PR/ TR BRI R /Y P A, BERIR B R 7E 2 Jo Rl
Bl A A i BA T g A S A A

i AFFEAL AR S Malek HRAFA TR BVl SR R A6 3R £ 1 N =Bl B A R i Al i 7
(g F WL AL R R IR - BB R AL B R RS | 62X HEBEAT Bk, X L SR UE 25 SR AN 151 4 s, i &) 4 7]
TR B e AR 5 SR AR AR W, BEWITHIAS B 09 8 1 - 28O0 R S B LB R B0 5 B A

1.0 1.2

—=— Experimental data 10+ —=— Experimental data
087 . Calculated data ’ —— Calculated data
0.8 -
0.6 -
0.6 -
S o4l 3
0.4
0.2 02k
0 i 0 L 1 1 1 1 |
1 1 1 1 1 |
400 450 500 550 600 650 700 450 500 550 600 650 700
T/K T/K
() RBTHR i (b) R BB
1.2
1.0 - —=— Experimental data
08l Calculated data
s 061
0.4+
02+
0 L 1 1 1 1 1 1 1 1 |
400 420 440 460 480 500 520 540 560 580

/K
(c) =Pl B i

B4 AREFHBR ARRERZ-_BVNR-EHEDABRULERLBNESHBUESHERRELETLLE
Fig.4 Comparisons of experimental and calculated data of conversion fraction of lignin liquefaction and liquefied

in PEG 400 and glycerol
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