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Thermal pretreatment of lignite and the pyrolysis and gasification
properties of upgrading coal in CO,

LI Zhi—giang JING Xiao—xia LIU Xiao.ZHANG Yandi JING Kai-ge CHANG Li-ping BAO Wei-ren

(State Key Laboratory Breeding Base of Coal Science and Technology Co-founded by Shanxi Province and the Ministry of Science and Technology Taiyuan
University of Technology Taiyuan 030024 China)

Abstract:In order to investigate the effects of pretreatment on further thermal conversion a lignite from Shengli
mine in China was used as an experimental coal sample and pretreated thermally under the conditions of various
temperatures and gas medium in this study. The pyrolysis and gasification behaviors of pretreated lignite in CO, were
observed by using thermogravimetric analyzer and related with the structural changes of lignite before and after the
pretreatment. The results show that various oxygen-containing groups and aliphatic-H decrease with increased tem-
perature while aromatic-H increased slightly in Ar and CO,. However the oxygen—containing groups increase except
for hydroxyl with the raised temperature due to the oxidation of lignite pretreated in air. Compared with lignite sam—
ples pretreated in Ar and CO, with the similar pyrolysis and gasification reactivity air-pretreated lignite has a higher
gasification reaction rate and lower relevant temperature because of increasing reactive oxygen sites. As the pretreat—
ment temperature rises the initial temperature of pyrolysis delays pyrolysis rate decreases and also the maximum
loss of weight in gasification process increases slightly.

Key words: lignite ; thermal treatment ; chemical structure ; pyrolysis ; gasification
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Table 1 Proximate and ultimate analyses of coal sample
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Fig. 1 Schematic diagram of heating device for lignite
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Fig.2  DRIFT spectra and difference spectra of lignite pretreated thermally in Ar CO, air atmosphere
2(a) 3 600 ~3 200 cm ' ) .

7 2925~2850 cm ™!

C—H 1450 1380 cm™'
;1 610 cm ™! C=¢
;1800 ~1 650 ¢cm ™'
1260 cm ™' .
(RC) ’



466 2015 40
2(a) 2(c)
(3 600 ~3 200 em ")
o C—
—OH H Ar
3360 cm ™'
0 C—H 0
1450 1380 cm™
(1 800 ~ 1 650 2.2
cm 71) 240 °C
(1 750 ~ 1 700 CO, 3
em™) o (
).
160 C 240 C (1 260
em ™!
320 C o
- 800 cm ™!
C—H
3 240 C Cco,
Fig.3 TG and DTG curves of lignite in CO,after
o £ N, being pretreated thermally in air at 240 °C
3 TG 2
DTG Co,
o 660 C
2(b) 2(a) .
320 C 0 °
160 240 320°C  CO, Ar \ ( Ty~
67. 9% 65- 6% Tf max
62.6% 68.1% 65.9% 63.4% CO, max Am) : TG
240 C
Ar CO, ;DTG
R 240 C
2(c) Ar 2. N
- 2(a) (b) °

3 620 cm ™'



2 : Co, 467

Ar  CO,

2 N

Table 2 Characteristic parameters of raw lignite and samples pretreated thermally in various atmospheres

T,/°C T/ T/ C R, /(% +C™") Am/%
RC 312.3 539.2 431.6 0.115 28. 64
- DC240 C 319.2 538.6 430.3 0.115 28.25
Ar —-DC240 C 322.4 543. 4 432.8 0.113 27.28
CO, —DC240 C 323.8 544. 4 432.8 0.112 27.03
RC 764.2 936.2 873.7 0. 399 72.39
-DC240 C 749. 6 926. 3 861.2 0.417 73.23
Ar - DC240 C 761.8 939. 1 874. 1 0. 405 72. 47
CO, - DC240 C 763.5 942. 4 875.6 0. 398 72. 41
3
16
CH, H, CO CO, o
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Table 3 Characteristic parameters of raw lignite and samples pretreated thermally at various temperatures
T, /C T./C T/ C R,./(% *C™") Am/%
RC 312.3 539.2 431.6 0.115 28. 64
Ar - DC160 C 315.8 540. 6 432.4 0.115 28.18
Ar - DC240 C 322.4 543. 4 432.8 0.113 27.28
Ar - DC320 C 328.5 549.5 437.4 0.110 26.43
RC 764.2 936.2 873.7 0.399 72.39
Ar - DC160 C 763.3 936. 8 873.5 0. 401 72.42
Ar - DC240 C 761.8 939.1 874. 1 0. 405 72. 47
Ar - DC320 C 759.2 944.8 876.2 0.411 73.15
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