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Co-Pyrolysis Characteristicsof Lignin and Lignite: Analytical Py-GC-MS
Study
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Abstract:Lignin has a similar structure to lignite, liquid fuel and high value-added chemicals can be extracted from their
co-pyrolysisliquid, and the pyrolysis coke can be used for further implementation of gasification. In this study, pine lignin,
eucalyptus lignin and alkali lignin were selected, and the co-pyrolysis experiment with lignite wascarried out respectively
by Py-GC-MS at different mixing ratios. The synergistic effect of co-pyrolysis was investigated by analyzing the
distribution of pyrolysis products. The experimental results showed that the pyrolysis products changed greatly with the
mixing ratio and the types of materials added. In the co-pyrolysis of lignite and lignin, the higher hydrogen to carbon ratio
of lignin can promote the yield of some specific products such as p-cresol, while the alkali and alkaline earth metals in
alkali lignin also play an important catalytic role. Therefore, the yield of 2-methoxy-phenol, and creosol was enhanced.
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Table 1Proximate and ultimate analysis results of the samples
Ultimate analysis/wt% (daf®) Proximate analysis/wt%(ad®)
Samples
C H (0 N S Volatile FC* Ash
KL 59.41 5.30 32.03 0.09 3.17 42.42 38.37 19.21
PL 67.82 5.93 26.19 0.07 0.00 78.02 21.98 0.00
EL 64.52 5.18 30.25 0.06 0.00 72.27 27.73 0.00
EW 48.19 6.00 45.57 0.06 0.18 84.62 15.05 0.33
HL 67.67 4.62 25.44 1.05 1.21 31.67 41.18 27.15

Note: *oxygen and fixed carbon contents are obtained by difference; *dry ash free basis; ‘air-dried basis.
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Table 2Contents of AAEM species in the samples
AAEM content/(mg/kg) (ad
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3
Table 3 The main products from pyrolysis of different feedstocks
Samples RT/min Compounds Peak area  5x10%mg Classes
9.17 p-cresol 1.51£0.01 phenols
7.59 phenol 1.48 phenols
2.12 acetic acid 0.85+0.01 acids
10.57 4-ethyl-phenol 0.59 phenols
HL 11.00 catechol 0.55+0.01 phenols
8.82 2-methyl-phenol 0.40+0.01 phenols
10.31 3,5-dimethyl-phenol 0.31 phenols
5.68 1,3-dimethyl-benzene 0.28 aromatics
12.35 4-methyl-1,2-benzenediol 0.13+0.01 phenols
11.63 3-ethyl-5-methyl-phenol 0.08+0.08 phenols
9.46 2-methoxy-phenol 13.90+0.38 guaiacols
10.99 creosol 2.44+0.08 guaiacols
12.21 homocresol 1.52+0.04 guaiacols
7.59 phenol 1.44+0.04 phenols
KL 12.73 2-methoxy-4-vinylphenol 1.25+0.02 guaiacols
10.26 1,2-dimethoxy-benzene 1.244+0.05 ethers
9.23 p-cresol 1.24+0.01 phenols
8.84 2-methyl-phenol 1.15+0.02 phenols
15.00 apocynin 1.07+0.03 guaiacols
14.53 trans-isoeugenol 0.82+0.02 guaiacols
11.06 creosol 24.794+0.03 guaiacols
9.46 2-methoxy-phenol 16.50+0.33 guaiacols
12.45 4-methyl-1,2-benzenediol 7.86+0.01 phenols
12.24 homocresol 6.11£0.06 phenols
PL 12.76 2-methoxy-4-vinylphenol 4.89+0.01 guaiacols
16.24 butyrovanillone 3.99+0.28 guaiacols
14.56 trans-isoeugenol 3.91+0.02 guaiacols
13.30 eugenol 3.10+0.02 guaiacols
15.54 1-(4-hydroxy-3-methoxyphenyl)-2-propanone 2.72 guaiacols
13.42 2-methoxy-4-propyl-phenol 1.57+0.02 guaiacols
13.32 2,6-dimethoxy-phenol 24.434+0.48 syringols
14.54 3,5-dimethoxy-4-hydroxytoluene 12.89+0.13 syringols
9.42 2-methoxy-phenol 10.54+0.01 guaiacols
2.48 acetic acid 9.28+0.01 acids
BL 17.55 (e)-2,6-dimethoxy-4-(prop-1-en-1-yl)phenol 9.01+0.02 syringols
11.00 creosol 7.30+0.01 guaiacols
17.90 1-(4-hydroxy-3,5-dimethoxyphenyl)-ethanone 6.68+0.02 syringols
12.02 3-methoxy-1,2-benzenediol 6.62+0.32 guaiacols
17.11 4-hydroxy-3,5-dimethoxy-benzaldehyde 5.34+0.01 syringols
13.44 3,4-dimethoxy-phenol 4.24+0.02 syringols
17.58 (e)-2,6-dimethoxy-4-(prop-1-en-1-yl)phenol 13.21+0.19 syringols
2.57 acetic acid 12.66+0.15 acids
13.30 2,6-dimethoxy-phenol 11.72+0.20 syringols
6.88 1,2-cyclopentanedione 5.64+0.39 ketones
EW 14.51 3,5-dimethoxy-4-hydroxytoluene 5.54+0.03 syringols
12.76 2-methoxy-4-vinylphenol 4.93+0.13 guaiacols
9.42 2-methoxy-phenol 3.54+0.04 guaiacols
17.13 4-hydroxy-3,5-dimethoxy-benzaldehyde 3.49+0.04 syringols
16.36 2,6-dimethoxy-4-(2-propenyl)-phenol 3.41+0.16 syringols
8.55 3-methyl-1,2-cyclopentanedione 3.37+0.11 ketones

Note: not indicating means the error range is less than 5x10*mg.



5 Py-GC-MS 337
0.41 x10"~ 12.4x10"/mg 12.4 x 10"/mg
0.40 x10°~ 7.55x10°/mg 0.40 x 10° ~ 7.55 x 10°/mg
4- 2.6- 3,5-
4- 2,6-
15.86 ~59.91
[21] [26-27]
2,6- 3,5-
_4-
6 11.62 ~43.90
2.2.2
2
6.95x10"/mg 2,6-
[24-25] 4- 5.86x10"/mg 4- -2,6-
4- 6.60 x 10"/mg 6.33 x 10"/mg
1.22x10"/mg ~ 7.61x10%mg
4-
4- 3.93x 10~
50 (@ (b)
—a— Acetic acid 251 —<— 4-methyl-1,2-benzenediol
2L —e— 2-Methoxy-phenol —v— 2-Methoxy-phenol
— —a— Homocresol ® 20+ —a— Acetic acid
%D —v— Phenol g —e— Phenol
g 9+ —a— p-Cresol S 15k —a— p-Cresol
~ —<— Creosol i~ —e— Creosol
% N
I 6t S 10+
=] <
€3 55T
&L e
0 I 0 i 1 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100
Mixing ratio of KL in mixture / % Mixing ratio of PL in mixture / %
© 15 () |
25k —« 3.5-Dimethoxy-4-hydroxytoluene —<— (e)-2,6-Dimethoxy-4-(prop-1-en-1-yl)phenol
? y=-hy! Y —— 3,5-Dimethyl-phenol
—v— 2-Methoxy-phenol 12+ 2 6-Dimeth henol
~ 20F —&— 2,6-Dimethoxy-phenol —_ H-oumethoxy-pheno
o0 N = —a— Acetic acid
g —a— acetic acid =
N —e— Phenol & 9f —° Phenol
S 15| 2 —a— p-Cresol
= —a—p-Cresol i p
N N
S 10t S or
o 131
S S
§ Sk -jé:g 3r
~ _ =¥
0F - ok
0 20 40 60 80 100 0 20 40 60 80 100
Mixing ratio of EL in mixture / % Mixing ratio of EW in mixture / %
2 a b c d

Fig.2 Main products of co-pyrolysis of HL&KL (a),HL&PL(b),HL&EL(c),and HL&EW(d)
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Fig.3 Synergy factors of co-pyrolysis of HL&KL(a),HL&PL(b), HL&EL (c),and HL&EW(d)
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