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Abstract: The degradative solvent extraction of low rank coal is the use of solvents to extract low rank coal under mild conditions, through
the dehydration and multi-stage separation of the raw coal: the extraction products with no water content, no ash content, high calorific
value properties and excellent thermoplastic properties, and low moisture of the extractive residual coal can be obtained. At the same time,
the products have practical application advantages in many fields such as coal coking, advanced fuel and carbon material preparation,
which have high added value, and the solvent in this technology has the advantage of being recyclable. Therefore, degradative solvent ex-
traction is one of the effective ways to realize the graded fractionated conversion and utilization of low-rank coal. This review firstly intro-
duces the existing low rank coal upgrading methods, and then reviews the development of degradative solvent extraction, focusing on the
various influencing factors, reaction mechanisms, existing processes and product utilization of low rank coal upgrading by degradative

solvent extraction. Finally, using the "Web of Science core collection" as the data source, the knowledge graph of coal solvent extraction
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was carved using CiteSpace scientometric software, and the research themes were analyzed to summarize the research directions and pre-

dict the research hotspots, providing some reference value for the research of degradative solution extraction of low-rank coal. The com-

prehensive analysis shows that: the selection of new low-cost green solvents, structural characterization and high-value utilization of ex-

traction products have high research trends, while in-depth research on extraction mechanism and targeted regulation of extractant proper-

ties is needed to further promote the process of large-scale production.
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Table 1 Extraction yield of different coals”*"!

St FEHUH (daf) /%
Oakycreek 66.7
Gregory 60.8
Illinois No.6 62.4
RS
Upper Freeport 72.5
Enshu 69.2
Guregory 68.8
Warkworth 31.5
Pasir 37.8
Mullia 35.8
IR
Nantun 39.2
Longkou 38.0
Yakut 9 30.2
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Fig.1 Schematic of 4 kinds of degradative solution extraction devices
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Table 3 Extraction yields of different solvents™®!
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Table 5 Keyword emergence diagram of solvent extraction

of coal

KA Ay SREE JFARESIE] S5 TR
CS,-N-methyl-2-

pyrrolidinone mixed solvent

1999 10.74 1999 2004

Coal liquefaction 1999 5.65 1999 2008
Supercritical fluid extraction 1999 5.55 1999 2006
Solubility 1999 7.66 2000 2002
Rank 1999 7.01 2000 2006
Room temperature 1999 6.02 2000 2004
Sample 1999 5.5 2000 2002
Conversion 1999 4.92 2005 2007
Hypercoal 1999 5.11 2006 2017
Solvent 1999 5.59 2007 2014
Trace element 1999 5.03 2008 2015
350 C 1999 4.63 2008 2014
Lignite 1999 4.84 2015 2021
Stone coal 1999 7.97 2017 2021
Rare earth element 1999 4.58 2019 2021

DT B (R TS 7347 ) 2 1T 70 A s AR AL,
L1 FAN 45100 ] PR3 SR 25l B ol 9 TR, 4RI
PRC ., AR 2 R R ) 0 G A IO U B
R B, 5L T 7R AT W BT Rm . ©@ 7= Wy H]
AT RBE . Ul BRAESE 2 RO X A
AR R PERE SR BT RESE .

25 b, PUR IO AL B Z R0 W) kL A LI R

WP A LT BeZ — o R TARM BB AL,
HARF R ER AR | P WA R AL S (A B 52
B RIBTFE S hTIRBTEPGE A AR T 7R
FERFR AL TCT5 B 2 PF R, T MR ity S B 5 g
R A i A PERE AL, D9 B BEIR AR AR A
Rt — SRR AR . DAL, BEPEE SRR L BT )
G555 N S, 2 BB BT R 0 1Y

[

5 & 1A

D) FAEER 2 A )-S5 B 0 5 A AL AR L
L=V AR o R RIEER S — A AR A
77 3, (ERA PRI e rp 0] P B A O /N o1
SR FIALE] i AT 2E, BEH IR UCEOE N, ZEH
WA o 48 A I AT 2 A T

2) PRI AEBGE R P AR AL A DT, i AR
IIIFFE AR BAEAL 2 L b, XA ZR b 0 o 1 4
lia) B AR DG FEAR /D, (R I A U R Y G R R
It LA R 2EA TR A BTSSRI

3) ZEHU R B PR P . AR,
(R AN [R) B g A 0 HAE 2R A — i 22 5%, i A
i SRS A B A FIHIL PR A B g f) SRl L, S
PRV AR E ) PR

2% 3 ik (References):

(U] Wse B i B s 5 28T 8T R AT AT (M), b
299



2023 4F55 6 A

#EMFHK

%51 %

[10]

[11]

[13]

[14]

300

a0 RRE AR, 2014: 2-3.
B, A SO, BTN, S AR AR BE R BUR Bk R A
BT AR R, 2015, 21(1): 37-40.
ZHAO Peng, LI Wenbo, LIANG Jiangpeng, ef al. Status and de-
velopment suggestion of low rank coal upgrading
technologies[J]. Clean Coal Technology, 2015, 21(1): 37-40.
POTTER O E, BEEBY C J, FERNANDO W, ef al. Drying brown
coal in steam-heated, steam-fluidized beds[J]. Drying Techno-
logy, 2007, 2(2): 219-234.
SUGITA S, DEGUCHI T, SHIGEHISA T.UBC (Upgraded
Brown Coal) process development[J]. Research and Develop-
ment Kobe Steel Engineering Reports, 2003, 53(2):41-45.
KURUNOV I, BIZHANOV A. Review of alternative applica-
tions of stiff extrusion briquetting technology [M]. Stiff Extru-
sion Briquetting in Metallurgy. Cham; Springer International Pub-
lishing. 2018: 161-169.
WHITE L C, FREDERICK J P. ENCOAL mild coal gasification
project[J]. Fuel and Energy Abstracts, 1997, 38(3): 153.
2O, R, HER, & SOMWIR R AL REE IR 43 9% £k
ZRRHHATT R D). AR, 2021, 27(5): 157-163.
LI Chao, LI Guangmin, XIA Zhixiang, et al. Development of
50MW CFB coal pyrolysis and combustion multigeneration tech-
nology [J]. Clean Coal Technology, 2021, 27(5): 157-163.
GE Lichao, ZHANG Yanwei, XU Chang, et al. Influence of the
hydrothermal dewatering on the combustion characteristics of
Chinese low-rank coals[J]. Applied Thermal Engineering, 2015,
90(6): 147-181.
DHAWAN H, KUMAR R, UPADHYAYULA S, et al. Fractiona-
tion of coal through organo-separative refining for enhancing its
potential for the CO,-gasification[J]. International Journal of
Coal Science & Technology, 2020, 3(7): 504—515.
AR AT R R [T, P E R AR AR, 2017,
46(5): 939-958.
QIN Zhihong. Theory of coal embedded structure model[J].
Journal of China University of Mining & Technology, 2017,
46(5):939-958.
G AR, B, A BRI AR P i 2R
APLERIBATIEAS (] ML A2A 4T, 2018, 46(8): 897-904.
LU Hao, DU lJiaojiao, XIAO lJian, et al. Thermal dissolution of
Huozhou and Xinghe lignites and the occurrence forms of organ-
ic oxygen in them[J]. Journal of Fuel Chemistry and Techno-
logy, 2018, 46(8): 897-904.
BV AR, gk R, B AR, 4. AR BT HEA LI 0 A R F 5 i
JRIT]. THEEEOR, 2014, 20(6): 100-103.
YIN Jia'nan, ZHANG Fengtong, FAN Lihua, et al. Research
progress of organic solvent extraction of low rank coal[J]. Clean
Coal Technology, 2014, 20(6): 100—103.
YIN J, LIN X, WANG C, et al. Identification of the transforma-
tion features of heteroatomic compounds in a low rank coal by
combining thermal extraction and various
approaches [J]. Fuel, 2020, 270(11): 117480.
HAMAGUCHI M, OKUYAMA N. Manufacturing process and
applications of the hypercoal [J]. Carbon, 2013, 60: 568.

analytical

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[30]

XING B, HUANG G, CHEN L, et al. Microwave synthesis of
hierarchically porous activated carbon from lignite for high per-
formance supercapacitors[J]. Journal of Porous Materials, 2016,
23(1): 67-73.

PULLEN J R, COAL L 1. Solvent extraction of coal[J]. Coal
Science, 1983,2(17): 173-288.

RENGANATHAN K, ZONDLO J W, MINTZ E A, et al. Pre-
paration of an ultra-low ash coal extract under mild
conditions [J]. Fuel Processing Technology, 1988, 18(3): 273—
278.

KASHIMURA N, TAKANOHASHI T, SAITO I. Upgrading the
solvent used for the thermal extraction of sub-bituminous
coal[J]. Energy & Fuels, 2006, 20(5): 2063—2066.

MASAKI K, YOSHIDA T, LI C, et al. The effects of pretreat-
ment and the addition of polar compounds on the production of
"hypercoal" from subbituminous coals[J]. Energy & Fuels, 2004,
18(4): 995-1000.

MIURA K. Mild conversion of coal for producing valuable
chemicals[J]. Fuel Processing Technology, 2000, 62(2-3): 119—
35.

WP, A, PR B Al ) A R S R & O ik
A L0 AR R, 2004, 3(3): 45-47.

XIE Cuiping, YANG Jianguo, WANG Yuling. Significance of
ultra-pue coal preparation and brief introduction of preparation
method[J]. Clean Coal Technology, 2004, 3(3): 45-47.

LI X, ZHU X Q, KENSHIRO O, et al. Preparation of carbon
fibers from low-molecular-weight compounds obtained from low-
rank coal and biomass by solvent extraction[J]. Carbon, 2017,
32(1):41-47.

SHUI H, LEI Y, TAO S, et al. Hydro-liquefaction of thermal
dissolution soluble fraction of Shenfu subbituminous coal and
reusability of catalyst on the hydro-liquefaction[J]. Fuel, 2014,
115:227-231.

SHUI H, HE F, WU Y, et al. Study on the use of the thermal dis-
solution soluble fraction from shenfu sub-bituminous coal in
coke-making coal blends[J]. Energy & Fuels, 2015, 29( 3) :
1558-1563.

OKUYAMA N, KOMATSU N, SHIGEHISA T . 22-4 The De-
velopment of hyper coal process for producing ash-free coal[C]//
Twentieth Annual International Pittsburgh Coal Conference Pro-
ceedings. Pittsburgh, Pennsylvania, USA, 2019.

ol B BERZERG S N E MY, JE st B A, 2002: 15-31.
T4 AR EE2ROIM]. #RN: kA R, 2009:
5-30.

QIN Zhihong. New advances in coal structure model[J]. Inter-
national Journal of Mining Science and Technology, 2018,
28(4): 541-559.

OKUYAMA N, KOMATSU N, SHIGEHISA T, et al. Hyper-
coal process to produce the ash-free coal[J]. Fuel Processing
Technology, 2004, 85(8/9/10): 947-967.

TAKANOHASHI T, SHARMA A, SAKIMOTO N, et al. Re-
forming of low-rank coal by chemical upgrading[J]. Fuel, 2019,
59(8): 1382-1385.


https://doi.org/10.13226/j.issn.1006-6772.2015.01.009
https://doi.org/10.13226/j.issn.1006-6772.2015.01.009
https://doi.org/10.13226/j.issn.1006-6772.20050701
https://doi.org/10.13226/j.issn.1006-6772.20050701
https://doi.org/10.13247/j.cnki.jcumt.000730
https://doi.org/10.13247/j.cnki.jcumt.000730
https://doi.org/10.1007/s10934-015-0056-0
https://doi.org/10.1016/0378-3820(88)90051-3
https://doi.org/10.1016/S0378-3820(99)00123-X
https://doi.org/10.3969/j.issn.1006-6772.2004.03.013
https://doi.org/10.3969/j.issn.1006-6772.2004.03.013
https://doi.org/10.1016/j.fuel.2013.07.002
https://doi.org/10.1016/j.ijmst.2018.06.010
https://doi.org/10.1016/j.ijmst.2018.06.010
https://doi.org/10.1016/j.fuproc.2003.10.019
https://doi.org/10.1016/j.fuproc.2003.10.019
https://doi.org/10.2355/isijinternational.ISIJINT-2018-807

ARG ARBYREHIA AR IR ST 2023 445 6
[31] TAKANOHASHI T, SHISHIDO T, SAITO I. Effects of hyper- [45] MUANGTHONG-ON T, WANNAPEERA J, JADSADAJERM
coal addition on coke strength and thermoplasticity of coal S, et al. Effect of solvent on the degradative solvent extraction of
blends[J]. Energy & Fuels, 2008, 22(3): 1779-1783. low rank coal[J]. Energy & Fuels, 2017,31(11): 11954-11962.
[32] YOSHIDA T, TAKANOHASHI T, SAKANISHI K, et al. Rela- [46] YOSHIDA T, LI C, TAKANOHASHI T, et al. Effect of extrac-
tionship between thermal extraction yield and softening temper- tion condition on “HyperCoal” production (2): effect of polar
ature for coals[J]. Energy & Fuels, 2002, 16(4): 1006-1007. solvents under hot filtration[J]. Fuel Processing Technology,
[33] KASHIMURA N, TAKANOHASHI T, MASAKI K, et al. Rela- 2004, 86(1): 61-72.
tionship between thermal extraction yield and oxygen-contain- [47] PAINTER P, PULATI N, CETINER R, et al. Dissolution and
ing functional groups[J]. Energy & Fuels, 2006, 20(5): 2088— dispersion of coal in ionic liquids [J]. Energy & Fuels, 2010, 244:
2092. 1848-1853.
[34] KOYANO K, TAKANOHASHI T, SAITO I. Estimation of the [48] S6NMEZ O, YILD1Z O, CAKIR M O, et al. Influence of the ad-
extraction yield of coals by a simple analysis[J]. Energy & dition of various ionic liquids on coal extraction with NMP[J].
Fuels, 2011, 25(6): 2565-2571. Fuel, 2018, 212: 12-18.
[35] TAKANOHASHI T, SHISHIDO T, KAWASHIMA H, et al. [49] X8 fx, @k, AR, 45 M M 2 T oe it e (1], 44
Characterisation of hyper coals from coals of various ranks[J]. BT, 2011, 42(4): 9-12,5.
Fuel, 2008, 87(4-5): 592-598. DENG Bing, QIN Zhihong, HUA Zongqi, et al. Progress of
[36] 5k Ui Tk BEAE B i 45 JC M 9 R I [D]. 1L : 48t study on ligbite extraction with solvent[J]. Fuel & Chemical
HT K2, 2016. 48—53. Processes, 2011, 42(4): 9-12,5.
ZHANG Shuai. The application of pre-treatment in producing [50] SHUIH, YAN Z, LI H, et al. Thermal dissolution of Shenfu coal
ash-free coal by low rank coals[D]. Tangshan: North China Uni- in different solvents[J]. Fuel, 2013, 108: 385—-390.
versity of Science and Technology, 2016: 48—53. [51] KIMS D, WOO K J, JEONG S K , et al. Production of low ash
[37] SHUI H, WANG Z, WANG G. Effect of hydrothermal treat- coal by thermal extraction with N-methyl-2-pyrrolidinone [J].
ment on the extraction of coal in the CS2/NMP mixed Korean Journal of Chemical Engineering, 2008, 25(4) : 758~
solvent[J]. Fuel, 2006, 85(12): 1798—1802. 763.
[38] LI C, TAKANOHASHI T, YOSHIDA T, et al. Effect of acid [52] ke, OO AR B3, 45 TR 8OR ottt e 0], O
treatment on thermal extraction yield in ashless coal AR, 2020, 45(9): 3301-3313.
production[J]. Fuel, 2004, 83(6): 727-732. YANG lJianxiao, WEI Wenjie, QI Yong, et al. Reserch progress
[39] MASAKI K, KASHIMURA N, TAKANOHASHI T, ef al. Ef- on hyper-coal for efficirnt utilization[J]. Journal of China Coal
fect of pretreatment with carbonic acid on “hypercoal” (ash-free Society, 2020, 45(9): 3301-3313.
coal) production from low-rank coals[J]. Energy & Fuels, 2005, (53]  ZRFRR, R, BEAE, 55, ZEIBCHRLEE XS JC RS Ay SR
19(5): 144-151. PR A 2 R B Y R e (D). TEALAE 24 2 4T, 2018, 34(9):
[40] & BRWET, W Z % BRUEUR M 73S IR 1615-1624.
VA B T 43 B R R (0], BRORE AL 2 2 AT, 2014, 42(8) GUO Binglin, HOU Caixia, FAN Lihua, ef al. Effect of extrac-
897-904. tion temperature on hyper-coal structure and electrochemistry of
LI Xian, ZHU Xianging, XIAO Li, et al. Degradative solvent ex- coal-based activated carbon[J]. Chinese Journal of Inorganic
traction of demineralized and ion-exchanged low-rank coals[J]. Chemistry, 2018, 34(9): 1615-1624.
Journal of Fuel Chemistry and Technology, 2014, 42( 8) : [54] DKM, BEprss, Bz, 55, AT A BOL A B Al iAot
897-904. e (3], BURAE T, 2016, 36(9): 49-53.
[41] FUNTSUKA H, ASHIDA R, MIURA K. Upgrading and dewa- CUI Yongmei, LIAN Xinpei, ZHAO Fengyun, et al. Prepara-
tering of low rank coals through solvent treatment at around tion of super clean coal by thermal solvent extraction[J]. Mod-
350°C and low temperature oxygen reactivity of the treated ern Chemical Industry, 2016, 36(9): 49-53.
coals[J]. Fuel-Guildford, 2013, 114(1): 16-20. [55] ARk, BACEH, YRR, 55 PEEIUINRERE 1/3 SR ME 4 4l
[42] LIX, ASHIDA R, MIURA K. Preparation of high-grade carbon- JE T2 ], Rl R, 2014, 42(1): 121-124.
aceous materials having similar chemical and physical proper- CUI Yongmei, HU Yongqi, XU Yongquan, et al. Study on su-
ties from various low-rank coals by degradative solvent extrac- per clean coal preparation technique with 1/3 coking coal from
tion[J]. Energy & Fuels, 2012, 26(11): 6897-6904. Xiaokang Village by heat extraction[J]. Coal Science and Tech-
[43] RAHMAN M, PUDASAINEE D, GUPTA R. Review on chem- nology, 2014, 42(1): 121-124.
ical upgrading of coal: Production processes, potential applica- [56]  sIRH. V7RI BOE B SO Al M BF 5T [D] A FKE: Wk
tions and recent developments[J]. Fuel Processing Technology, B2, 2014: 15-16.
2017, 158: 35-36. ZHANG Zhaoxiang. Study on preparation of super-clean coal
[44] OUCHI K, ITOH S, MAKABE M, et al. Pyridine extractable with thermal solvent extraction[D]. Shijiazhuang: Hebei Uni-
material from bituminous coal, its donor properties and its effect versity of Science and Technology, 2014: 15—46.
on plastic properties [J]. Fuel, 1989, 68(6): 735-740. [57] ASHIDA R, MORIMOTO M, MAKINO Y, et al. Fractionation

301


https://doi.org/10.1016/j.fuel.2007.02.017
https://doi.org/10.1016/j.fuel.2003.06.002
https://doi.org/10.1016/S1872-5813(14)60038-4
https://doi.org/10.1016/S1872-5813(14)60038-4
https://doi.org/10.1016/j.fuproc.2016.12.010
https://doi.org/10.1016/0016-2361(89)90212-3
https://doi.org/10.1016/j.fuproc.2003.12.003
https://doi.org/10.1016/j.fuel.2017.10.017
https://doi.org/10.3969/j.issn.1001-3709.2011.04.003
https://doi.org/10.3969/j.issn.1001-3709.2011.04.003
https://doi.org/10.3969/j.issn.1001-3709.2011.04.003
https://doi.org/10.3969/j.issn.1001-3709.2011.04.003
https://doi.org/10.1016/j.fuel.2012.11.005
https://doi.org/10.13225/j.cnki.jccs.2019.0727
https://doi.org/10.13225/j.cnki.jccs.2019.0727
https://doi.org/10.13225/j.cnki.jccs.2019.0727
https://doi.org/10.13225/j.cnki.jccs.2019.0727
https://doi.org/10.11862/CJIC.2018.201
https://doi.org/10.11862/CJIC.2018.201
https://doi.org/10.11862/CJIC.2018.201
https://doi.org/10.16606/j.cnki.issn0253-4320.2016.09.012
https://doi.org/10.16606/j.cnki.issn0253-4320.2016.09.012
https://doi.org/10.16606/j.cnki.issn0253-4320.2016.09.012
https://doi.org/10.13199/j.cnki.cst.2014.01.028
https://doi.org/10.13199/j.cnki.cst.2014.01.028
https://doi.org/10.13199/j.cnki.cst.2014.01.028
https://doi.org/10.13199/j.cnki.cst.2014.01.028

2023 4F55 6 A

#EMFHK

%51 %

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

302

of brown coal by solvent
extraction[J]. Fuel, 2009, 88(8): 1485-1490.

MIURA K, SHIMADA M, MAE K, et al. Extraction of coal be-
low 350 °C in flowing non-polar solvent[J]. Fuel, 2001, 80(11):
1573-1582.

TRARZL. RN B 7 0 () M S KM [D]. RJEL: K
JRHELT K2, 2005: 20-48.

ZHANG Zhihong. The selecting collection of solvent extracts of

sequential high temperature

coal[D]. Taiyuan: Taiyuan University of Technology, 2005:
20-48.

ik SR AR A ZE U BRI AT [D]. L AR R
2%, 2016: 15-48.

ZHANG Zong. Study on thermal degradative solvent extraction
of low-rank coals[D]. Wuhan: Huazhong University of Science
& Technology, 2016: 15—48.

LI C, TAKANOHASHI T, SAITO I, et al. Elucidation of mech-
anisms involved in acid pretreatment and thermal extraction dur-
ing ashless coal production[J]. Energy & Fuels, 2004, 18(1):
97-101.

MIURA K, MAE K, SHINDO H, et al. Extraction of low rank
coals by coal derived oils at 350 °C for producing clean fuels[J].
Journal of Chemical Engineering of Japan, 2003, 36( 7) :
742-750.

MIURA K, NAKAGAWA H, ASHIDA R, et al. Production of
clean fuels by solvent skimming of coal at around 350 °C[J].
Fuel, 2004, 83(6): 733-738.

LI X, ZHANG Z, ZHANG L, et al. Degradative solvent extrac-
tion of low-rank coals by the mixture of low molecular weight
extract and solvent as recycled solvent[J].
Technology, 2018, 173: 48—55.

MICHIO, HAMANO. Call for proposal programs of NEDO

Fuel Processing

(New Energy and Industrial Technology Development Organiza-
tion) [J]. Journal of the Robotics Society of Japan, 2001, 19(8):
937-940.

BEUAR, FEOC, AR, & TR IR T B AR L
AR [T]. BB 2R, 2017, 45(3): 185-190.

FAN Lihua, DU Jingwen, LIANG Huaying, ef al. Pyrolysis be-
havior of hypercoal and its adding effect in blending coal[J].
Coal Science and Technology. 2017, 45(3): 185—190.

YRR, BILSESE, & HA, 55, TR i 7 2 Foe R
(55 B [P]. P El: ZL201780049047.9, 2018-04-09.
BHRRZR, BN JESE, RN %, 45 JORIER H3E 7% [P !
71.201280063050.3, 2014-03-17.

JIANY M, XIAN L I, ZHU X Q, et al. Interaction between low-
rank coal and biomass during degradative solvent extraction[J].
Journal of Fuel Chemistry and Technology, 2019, 47(1): 14-22.
MIURA K, ASHIDA R, XIAN L, et al. Upgrading of low-rank
coal and biomass utilizing mild solvent treatment at around
350°C[C]/IEEE Conference on Clean Energy and Technology
(CET). Kuala Lumpur, Malaysia, 2011.

WANNAPEERA J, LI X, WORASUWANNARAK N, et al.
Production of high-grade carbonaceous materials and fuel hav-

ing similar chemical and physical properties from various types

[75]

[76]

[77]

[78]

[80]

[81]

[82]

[83]

[84]

of biomass by degradative solvent extraction[J]. Energy & Fuels,
2012,26(7): 4521-4531.

Z= . —Fh A AR A A A TR ) VAP,
[€]:ZL 201780001785.6, 2017-11-01.

AR, AR AR RERAA ) 1 1 BT B SRR IR A e X £ A B
HERMWIFED]. D#L: R RE, 2016: 21-69.

HUI Zhen. Study on the properties of the thermal dissolution of
gas and coking coals and the use their TDSFs in the coal blend-
ing for coke-making[D]. Maanshan: Anhui University of Tech-
nology, 2016: 21-69.

SHUI H, ZHAO W, SHAN C, et al. Caking and coking proper-
ties of the thermal dissolution soluble fraction of a fat coal[J].
Fuel Processing Technology, 2014, 118: 64—68.

BUNE, HUEWE, fL I, S5 BEPGEROR MAAIE PITERCRR A
AR (1], L TR, 2018, 37(11): 4226-4236.
DUAN Xiaobao, SHEN Yanfeng, KONG lJiao, et al. Thermal
dissolution technology of coal and application of soluble por-
tions in coal blending for coke-making[J]. Chemical Industry
and Engineering Progress, 2018, 37(11): 4226—4236.

FIHRE—, & SR BB TR R A R AR 0] 4
BHS1ET, 2008, 39(6): 54-63.

LUTIAN Longyi, QUAN Rong. Coking of inferior coal using
coal high-temperature solvent extract[J]. Fuel & Chemical Pro-
cesses, 2008, 39(6): 54—63.

BT IR AT o i BT A2 i 0], Al ik
&, 2016, 35(12): 4096-4098.

HU Haoquan. Coal direct conversion to high quality liquid fuels
and chemicals[J]. Chemical Industry and Engineering Progress,
2016, 35(12): 4096—4098.

B, BRI, U, 45 FRIEDRER R AR IR K Tl
PEBLIR [T]. BEEHEEAR, 2019, 25(1): 57-63.

HU Fating, YAN Bingfeng, WANG Guangyao, et al. Technical
progress and industrialization status of coal to fuel oil in
China[J]. Clean Coal Technology, 2019, 25(1): 57-63.
DERBYSHIRE F, STANSBERRY P. Comments on the reactiv-
ity of low-rank coals in liquefaction[J]. Fuel, 1987, 66( 12) :
1741-1742.

SOLOMON P R, SERIO M A, DESPANDE G V, et al. Cross-
linking reactions during coal conversion[J]. Energy & Fuels,
1990, 4(1): 42-54.

LI X, PRIYANTO D E, ASHIDA R, et al. Two-stage conver-
sion of low-rank coal or biomass into liquid fuel under mild con-
ditions[J]. Energy & Fuels, 2015, 29(5): 3127-3133.
KOYANO K, TAKANOHASHI T, SAITO I. Catalytic hydro-
genation of hypercoal (ashless coal) and reusability of
catalyst[J]. Energy and Fuels, 2009, 23(4): 3652—3657.
B, T, R, A IR SRR MO R K BT
FEBLAR [T P PHATA UK R 242440, 2020, 37(2): 70-77.
ZHAO Huan, WANG Xin, JIAO Zhongze, et al. Research status
of thermal dissolution technology and its factors[J]. Journal of
Shenyang Aerospace University, 2020, 37(2): 70-77.

FWA, ZEME, FuiF5, 4. 7P B HyperCoal i i i (i 1L 1
WEIE BLR 5 Bk D] TR B A i, 2021, 43(12)


https://doi.org/10.1016/j.fuel.2008.12.003
https://doi.org/10.1016/S0016-2361(01)00036-9
https://doi.org/10.1252/jcej.36.742
https://doi.org/10.1016/j.fuproc.2018.01.005
https://doi.org/10.1016/j.fuproc.2018.01.005
https://doi.org/10.7210/jrsj.19.937
https://doi.org/10.1016/S1872-5813(19)30003-9
https://doi.org/10.1016/j.fuproc.2013.08.013
https://doi.org/10.16085/j.issn.1000-6613.2017-2419
https://doi.org/10.16085/j.issn.1000-6613.2017-2419
https://doi.org/10.16085/j.issn.1000-6613.2017-2419
https://doi.org/10.3969/j.issn.1001-3709.2008.06.024
https://doi.org/10.3969/j.issn.1001-3709.2008.06.024
https://doi.org/10.3969/j.issn.1001-3709.2008.06.024
https://doi.org/10.3969/j.issn.1001-3709.2008.06.024
https://doi.org/10.3969/j.issn.1001-3709.2008.06.024
https://doi.org/10.13226/j.issn.1006-6772.18122501
https://doi.org/10.13226/j.issn.1006-6772.18122501
https://doi.org/10.1016/0016-2361(87)90375-9
https://doi.org/10.3969/j.issn.2095-1248.2020.02.010
https://doi.org/10.3969/j.issn.2095-1248.2020.02.010
https://doi.org/10.3969/j.issn.2095-1248.2020.02.010
https://doi.org/10.3321/j.issn.1001-053X.2021.12.bjkjdxxb202112015

ARG ARBYREHIA AR IR ST 2023 445 6
1750—1760. logy, 2013, 34(1): 40-43.
WANG Yajie, ZUO Haibin, WANG Jingxiu, ef al. Research (93] % i (RBHERAIA T A Ok s 1 45 - FLR O BIF5E D). 2RI
status and prospect of clean and high-value utilization of hyper- AR R, 2015: 20-50.
coal in China[J]. Chinese Journal of Engineering, 2021, 43(12): CAI Ting, Study on preparation of mesoporous carbon from
1750-1760. solvent extraction residue of low-rank coals[D]. Wuhan:
[85]  ZERHA, Pl 5 EE 5 RHIM. b3 fb 2 Tl th AL, Huazhong University of Science & Technology, 2015: 20—-50.
2011: 5-20. [94] PRIYANTO D E. Degradative solvent extraction of low grade
[86] YANG J, NAKABAYASHI K, MIYAWAKI J, et al. Prepara- carbonaceous resources and the utilization of products for liquid
tion of pitch based carbon fibers using hyper-coal as a raw ma- fuels and carbon material[D]. Kyoto University, 2013:
terial [J]. Carbon, 2016, 106: 28-36. 15-40.
[87] YANG J, WU W, ZHANG X, et al. Improving spinnability of (051 WAl FRook, 52, 25 Jo IR ARG S BT 5 L AT
hyper-coal derived spinnable pitch through the hydrogenation SRR IS 7). e R 2019, 25(1): 142-147.
with 1, 2, 3, 4-Tetrahydroquinoline [J]. C—Journal of Carbon Re- LUO Huafeng, QIAO Yuandong, XU Qingyun, ef al. Study on
search, 2018, 4(3): 46-46. . . .. .
conversion process bymild supercritical thermal extraction
[88] QIAN'W, LIX, ZHU X, et al. Preparation of activated carbon coupled with carbonization technology of Datong CaollJ].
nanofibers using degradative solvent extraction products ob-
Clean Coal Technology, 2019, 25(1): 142—147.
tained from low-rank coal and their utilization in supercapacit- o X et e e N - .
11 RSC e 2000, 10(14): 81758150 pereap (961 Wi B, 3%, XU, . CiteSpaceI VAT ) )7 41630
ors[J]. v, s : - . R
AELI]. BI2ER9Y, 2015, 33(2): 242-253.
[89] A4, At RELT, 5. T A 217 s R AL :
e N CHEN Yue, CHEN Chaomei, LIU Zeyuan, et al. The methodo-
4 Al % B L A vk RE AR 5 (90, JCHLAE L2 4R, 2016, 31(1): ] ) ) i
39-46 logy function of Cite Space mapping knowledge domains[J].
. . o . Studies in Science of Science, 2015, 33(2): 242-253.
LI Jinhong, ZHOU Qixiong, MI Hongyu, et al. Preparation and A A L
iy . L [97] i, ol Se, XU, . MR 2 R 3 SR A OF
capacitive properties of graphite-like porous carbon based on o,
% [J]. Bl2F2415%, 2010, 28(3): 328-332.
coal extracts[J]. Journal of Inorganic Materials, 2016, 31(1): FELI]. PHEFRSE 3)
3946 HOU Haiyan, CHEN Chaomei, LIU Zeyuan, et al. Interdiscip-
(907  BEFHE. FHEHN. (ETEHS, 4. ML TE M 5 R SO BETE P linary feature of knowmetrics [J]. Studies in Science of Science,
PEREXT ELBIFSE (1], ThAEREL 2017, 48(1): 1244-1248. 2010,28(3): 328-332.
FAN Lihua, WANG Xiaoliu, HOU Caixia, et al. Research on (98] WANNAPEERA J, LT X, WORASUWANNARAK N, e al.
perfomance comparison of lignite-activated carbon and hyper- Production of high-grade carbonaceous materials and fuel hav-
coal-activated carbon[J]. Journal of Functional Materials, 2017, ing similar chemical and physical properties from various types
48(1): 1244-1248. of biomass by degradative solvent extraction[J]. Energy & fuels,
[91] LIX, ASHIDA R, MAKINO M, ef al. Enhancement of gasifica- 2012,26(7): 4521-4531.
tion reactivity of low-rank coal through high-temperature solvent [99] ZHU X Q, ZHANG Z, ZHOU Q X, et al. Upgrading and
treatment[J]. Energy & Fuels, 2014, 28(9): 5690—-5695. multistage separation of rice straw by degradative solvent extrac-
[92]  FEWkHME, XK 2, X EE A, S 46 M5 A8 R i b 045 ) 1R tion [J]. Journal of Fuel Chemistry and Technology, 2015, 43(4):
K OB R 241, 2013, 34(1): 40-43. 422-428.
CUI Yongmei, ZHAO Fengyun, LIU Yanhua, ef al. Treatment [100] FAN X, YU G, ZHAO Y P, et al. Molecular Characteristics of

of phonolic watewater using lignite thermal extraction

residue [J]. Journal of Hebei University of Science and Techno-

Shenfu coal characterized by mass spectrometers with three ion

sources [J]. Chemistry Select, 2018, 37(3): 10383—10387.

303


https://doi.org/10.3321/j.issn.1001-053X.2021.12.bjkjdxxb202112015
https://doi.org/10.1016/j.carbon.2016.05.019
https://doi.org/10.3390/c4030046
https://doi.org/10.3390/c4030046
https://doi.org/10.3390/c4030046
https://doi.org/10.1039/C9RA09966B
https://doi.org/10.15541/jim20150329
https://doi.org/10.15541/jim20150329
https://doi.org/10.7535/hbkd.2013yx01009
https://doi.org/10.7535/hbkd.2013yx01009
https://doi.org/10.7535/hbkd.2013yx01009
https://doi.org/10.7535/hbkd.2013yx01009
https://doi.org/10.13226/j.issn.1006-6772.18091403
https://doi.org/10.13226/j.issn.1006-6772.18091403
https://doi.org/10.3969/j.issn.1003-2053.2015.02.009
https://doi.org/10.3969/j.issn.1003-2053.2015.02.009
https://doi.org/10.16192/j.cnki.1003-2053.2010.03.020
https://doi.org/10.16192/j.cnki.1003-2053.2010.03.020
https://doi.org/10.1016/S1872-5813(15)30010-4
https://doi.org/10.1002/slct.201802238

	0 引　　言
	1 低阶煤热溶萃取提质的基础研究
	1.1 热溶萃取提质的主要影响因素
	1.1.1 煤种及煤质
	1.1.2 煤的预处理
	1.1.3 反应器类型
	1.1.4 溶剂类型
	1.1.5 萃取温度
	1.1.6 萃取压力

	1.2 产物组成结构特征及热溶萃取反应机理
	1.2.1 产物组成结构特征
	1.2.2 热溶萃取反应机理


	2 煤的热溶萃取提质工艺
	2.1 日本京都大学热溶萃取提质-多级分离工艺
	2.2 日本神户制钢Hyper-Coal工艺
	2.3 华中科技大学煤与生物质废弃物共热溶萃取提质工艺

	3 产物利用
	3.1 萃取物的利用
	3.1.1 炼焦添加剂
	3.1.2 高品质液体燃料制备
	3.1.3 煤基炭材料

	3.2 萃取残渣的利用

	4 热溶萃取技术发展趋势
	5 结　　语
	参考文献

