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Study on process conditions on reactivity of catalytic liquefaction of Aiding lignite
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Abstract:In order to study the reactivity of Aiding lignite in direct liquefaction ,the direct liquefaction of Aiding lignite was studied in the
horizontal oscillating autoclave.The effects of reaction temperature , reaction time and H, initial pressure on the direct liquefaction reactivity
of Aiding lignite were investigated.The results show that the suitable reaction conditions of Aiding lignite liquefaction are as follows : reac-
tion temperature is 430 °C ,reaction time is 60 min, initial hydrogen pressure is 8.5 MPa, catalyst addition is 1% ( Fe/daf coal) , solvent
to coal ratio( weight ratio) is 55 : 45;The increase of reaction temperature , initial hydrogen pressure and reaction time can promote the in-
crease of oil yield and conversion,and the effect of initial hydrogen pressure on conversion is relatively small.The yield of asphaltene first
increases and then decreases with the increase of reaction temperature and hydrogen initial pressure,and decreases with the increase of re-
action time.With the increase of reaction temperature , hydrogen initial pressure and residence time, the yield of preasphaltene decreases.
Asphaltene and preasphaltene have the characteristics of intermediate products,and the increase of reaction temperature, hydrogen initial
pressure and reaction time is favorable for the conversion to oil and gas.The C,;,H,, and the ratio of H/C atoms in residual coal decrease
with the increase of reaction temperature.The higher the hydrogen content in coal is, the easier it is to liquefy. With the increase of reaction
temperature , the inert structure with lower hydrogen content is difficult to liquefy and becomes the main component of residual coal.The
C,.r» H,,r and the ratio of N/C atoms in residual coal decrease with the increase of reaction temperature , When the reaction temperature rea-
ches 430 °C , the ratio of N/C atoms in residual coal changes significantly,the hydrogenation performance of nitrogenous structure in coal is

remarkable ,and the denitrogenation ability is improved obviously.
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Table 1 Proximate and ultimate analysis of coal
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C.Ial‘ H«I' f Odal‘ Ndal‘ Sduf Mad A«I V«lal
72.13  4.88 1991 095 213  11.86 11.50 49.9
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Fig.1 Diagram of 500 mL horizontal autoclave
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Fig.2 Separation of coal liquefaction products
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Fig.3 Weightlessness and weightlessness rate
curves of Aiding lignite
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Table 2 Experimental results of autoclave at different
reaction temperatures
WmEE/ e AT WK AT UT ERe
SO VU U FE e % %

380 64.41  35.54 12.21 7.64 10.40  1.38
390 72.88  45.73 10.61 6.76 11.84  2.05
400 83.24  54.60 13.67 5.31 12.65 2.98
410 90.41  63.50 14.91 2.47 1275  3.21
420 92.55 64.36 14.76 1.84 15.01 3.43
425 92.71  64.70 13.43 1.71 16.41  3.55
430 93.07 7478 4.49 0.97 16.53  3.70
435 94.65 74.70 5.57 0.94 17.28 3.84
440 94.45  74.82 4.56 0.28 19.00 4.20
450 94.48  73.32 3.54 0.06 22.28 472
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Table 3 Ultimate analyses of residue at

different reaction temperatures

w(Cyy)/ w(Hg)/ w(Nyy)/

B/ C H/C N/C
% % %

Raw coal  72.13 4.88 0.95 0.81 0.011 3
380 76.15 5.29 1.29 0.83 0.014 5
390 76.09 5.28 1.25 0.83 0.014 1
400 76.02 5.21 1.24 0.82 0.014 0
410 75.98 5.13 1.21 0.81 0.013 7
420 75.95 5.05 1.19 0.80 0.013 4
430 75.93 4.70 1.10 0.74 0.012 4
440 75.70 4.62 1.09 0.73 0.012 3
450 74.92 4.5 1.06 0.72 0.012 1
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Fig.5 Effect of residence time on liquefaction
properties of Aiding lignite
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Table 4 Experimental results of autoclave at
different reaction time
mE O B Wt WER TER U7 SR
min  B/% /% RN R D %

0 84.79  51.75 14.61 7.09 13.11  1.77
30 91.80  64.52 11.57 3.12 15.14  2.55
60 91.73  68.91 8.45 1.48 16.09  3.20
90 92.79  68.98 9.16 1.32 16.50  3.17
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Fig.6 Effect of H, initial pressure on liquefaction
properties of Aiding lignite
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Table 5 Experimental results of autoclave at
different H, initial pressure
ks Bl e R BEE UR SR
MPa  F/% F/% TF/% TR % B % %

4.5 91.46  65.73 8.05 3.19 17.24  2.74
5.5 91.73  68.91 8.45 1.48 16.09  3.20
6.5 92.39  69.29 7.66 1.45 17.29  3.30
7.5 92.18  70.09 6.99 1.31 17.11  3.33
8.5 93.07 74.78 4.49 0.97 16.53  3.70

M 6(a) 1k 5 Al %0, B SR 3,
AFER L LI fEHE T RN R IS R R
Bl 6(b) Mk s nl %0, BT 38 8, F ik A8 1k
AN B SRR R, R R K
5.5 MPa B jif 7= 2 B W 3 K, 48 4.5 MPa £ 1
3.18% , i7" HIE 5.5~7.5 MPa LR A K, HE



BTN T2 3T MR A AL P S 1 PRI 5

www.chinacaj.net

2020 4E56 6 1)

AWIEINF] 8.5 MPa B, SCHA 34 s I 7 M 7™ R b
RSy TR )= 4 S =E =R
s 7 o ST ) B S B A R

PRI, S0 % R T R P 8 5 i A %o
AN XA ZESE AR /N | T2 BRI A X 0 1 I AR
R A Ob A Y PO NI (1S i A = ¥ N 1)
Wi Ml SNy TR, SRR F IR, &SR
PEHL 8.5 MPa 8 N iEH

3 F ®

1) SCT MBI N S0 Ak S N 35 B 1 S 1 2% 4
JRN R BE 430 °C, S W B[] 60 min, &R W)
8.5 MPa AL ¥ & 1% ( Fe/daf #E) | i M 1
55 : 45,

2) B SN I | S RN A B B ) R T
B R AR Horh S S R AR 5
M) REXT A8/ D 5 3 M 77 23 T s vz Uk B8 R S S0 TR Y
PE R I SR NS AR A 3, W M B A5 B
[i) P E A S22 ARG 3 s T 0 8 s 7 38 B S I LS L
A 118 R B S T ) i 2 0 AR 34

3) W M FHT I s 1 S 0 v ) 7 A R
fIE, $a v RO | S R4S B B () A ) )
MM TiAR,

5% 3k ( References) :

)

(1] &FF, bR, 2 e A E AR [ M ] b0 S5 Tl i
Jit,2003.
SHU Geping, SHI Shidong, LI Kejian. Coal liquefaction technology
[ M].Beijing: China Coal Industry Publishing Press,2003.

(2] SRR MO S0 AL TR 2 Al [ M) b 50 A28 Tolk i A
#t,2012.
SHI  Shidong. Coal
foundation [ M].Beijing: Chemical Industry Press,2012.

(3] e, skpAE B HOR [ M. dE 50 A2 Tk th i
#:,2005.
GAO Jinsheng, ZHANG Dexiang. Coal liquefaction technology
[ M].Beijing: Chemical Industry Press,2005.

[4] ITOH H,HIRAIDE M,AKIRA K,et al.Simulator for coal liquefac-

hydrogenation  liquefaction  engineering

tion based on the NEDOL process[ J].Industrial and Engineering
Chemistry Research,2001,40.210-217.

(5] VO BB T 2H AR TR L] Arm s 5 1
T.,2003,34(7) :20-24.
FAN Chuanhong. Coal direct liquefaction technology and
engineering application[ J |.Petroleum Processing and Petrochemi-

cals,2003,34(7) :20-24.

[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

WANG Zhicai, SHUI Hengfu, ZHANG Dexiang, et al. A comparis
on of FeS,FeS+S and solid superacid catalytic properties for coal
hydro—liquefaction[ J].Fuel ,2007,86(5/6) :835-842.
HU Haoquan, BAI Jinfeng,ZHU Hejun, et al.Catalytic liquefaction
of coal with highly dispersed Fe, S; impregnated in—situ[ J].
Energy & Fuels,2001,15(4) :830-834.
WANG Li, CHEN Peng. Mechanism study of iron—based catalysts
in co—liquefaction of coal with waste plastics[ J].Fuel, 2002, 81
(6):811-815.
SRUETE AT, IR T, 45 Tl BRI 2% e B R
U E AR AIBTSE [ )] HRRHE A 24 4, 2000,28 (6) -
496-502.
ZHU Jisheng, YANG Jianli, LIU Zhenyu, et al.Catalytic effect of an
impregnated commercial ferrous sulfate in direct liquefaction of
three Chinese coals[ J].Journal of Fuel Chemistry and Technology,
2000,28(6) :496-502.
CHEMG J C,MAIORIELLO J,LARSEN J W.Homogeneous ionic
hydrogenation using H, O - BF; and catalytically activated H,
[1].Energy Fuels,1989,3(3) :321-329.
FRAENKEL D,PRADHAN V R,T IERNEY JW,et al.Liquefaction
of coal under mild conditions[ J].Fuel ,1991,70(1) :64-73.
TANABE K,HATTORI H, YAMAGUCHI T, et al.Effect of S()i_
on catalytic activity of Fe, O for hydrocracking of coal[ J].Fuel,
1982,61(4) :389-390.
R I3 0 T VB A v 43 TR P T A P A0 g T [0 A
Beedl,2001,24(2) :66-76.
ZHU Xiaosu.The research of coal direct liquefaction high disper-
sion solid acid catalyst [ J]. Coal Conversion, 2001, 24 (2) .
66-76.
SRYTIUY, 2 SClE s I, 45 OB S T I B AL SN 3 g
S[1] B, 2015,40(7) £ 1670-1676.
LIANG Jiangpeng, LI Wenbo, ZHANG Xiaojing, et al. Kinetic of
direct liquefaction of Aiding lignite from Xinjiang[ J].Journal of
China Coal Society,2015,40(7) :1670-1676.
BEVTIY.SOT/ Fe, O [ PRTRR A AL 3T 16 8 1A 12 W A S 1oz P BT
FE[ )] MR, 2018,43(12) :3518-3524.
LIANG Jiangpeng.Study on reactivity of direct liquefaction of Ai-
ding lignite catalyzed by SO3/Fe, O, solid acid[ J].Journal of
China Coal Society,2018,43(12) :3518-3524.
B T R A R T B v AR IR SR PN BT ST [ 0 )
A,2019(2) :9-15.
Zhong Jinlong. Study on autoclave evaluation of coal liquefaction
[J].Coal Technology,2019(2) :9-15.
HU H Q,BAI J F,GUO S C,et al.Coal liquefaction with in situ
impregnated Fe,(MoS, ) ; bimetallic catalyst[ J].Fuel,2002,81.
1521-1524.
SASAKI M, KOTANIGAWA T,YOSHIDA T.Liquefaction reactivity
of methylated Illinois No.6 coal [ J].Energy & Fuels, 2000, 14.
76-82.

137





