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Study on mild liquefaction of lower rank coal
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Abstract: The behaviors of mild liquefaction of a lower rank coal ( HL lignite) were investigated using a tube
bomb reactor with respect to the influence of reaction temperature, solvent, initial pressure, atmosphere and
catalyst. TPD-FID ( temperature programmed decomposition-flame ionization detector) and FT-IR were used to
study the properties of liquefaction residues ( hexane insoluble part). The gel permeation chromatography,
synchronous fluorescence and infrared spectroscopy were used to study the structure characteristics of asphaltenes
(A) and preasphaltenes (PA) produced. The results show that the notable liquefaction of HL lignite starts at
about 350 C. The increase of liquefaction yield increases with the increase of the temperature. As the
condensation reaction becomes significant at the higher temperature (450 C), the liquefaction yield starts to
decline. The solvent can significantly improve the yields of A+PA. The increase of reaction pressure and the
addition of catalysts mainly lead to an increase of Oil+Gas (O+G) yield. The liquefaction residue ( hexane
insoluble) obtained under mild conditions has a higher pyrolysis reactivity than its parent coal. When the
liquefaction temperature is higher than 300 C (350 C ), the molecular weight and the paraffinic characteristics of
asphaltene ( preasphaltene) decrease with liquefaction temperature.
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Figure 1  Yields and distributions( number on bar) of liquefied products of HL coal at different temperatures

initial H, pressure; 1 MPaj; reaction time: 30 min
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Figure 2 Yields and distributions ( number on bar) of liquefied products of HL coal under different atmospheres

and different initial pressures

reaction temperature; 350 °C ; reaction time: 30 min; solvent:coal=1:1
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Figure 3 Yields and distributions ( number on bar) of liquefied
products of HL coal under different combination conditions
conditions ; initial H, pressure, catalyst, solvent
reaction temperature ; 400 °C ;

reaction time ;30 min;solvent :coal=1:1

HI &l 3 AT, 1 MPa S SR Z&F T, Joi G
FEALTRIN (55— 85008 ) WAk e LR B B ARAL, 0+ G
FERA A+PA PR HIN 17% M 3% , IMAER G
(BB BdE) WAL AR B4R R, O+ G J= R I
% 26% ,A+PA PEREE 35% , TN Fe-J A AL 7
Ja CEHAESE) ,0+G =Rt — LN 31% , A+
PA PERAMEA K (31% ), BRI Mo-FEAAL S (55
NEHHE) ,04C F7 Rt — LN % 38% ,A+PA 7~
AR (30% ), FEEAWIE, TIRRGEA T
SMINAE AL TR, 34T B8 i WAk B AR (5 = AL %k

) o 5 MPatI i & S 1 | Fe-BRAEAL I A4 45 550 0
SRR T 1 MPa #IHR SRS Mo-JEEALFI 4%

SRk THEE Y 2T TMPa WA A SR ST, ToUE
FIZAET, Fe- B AL ) (M AL R HHZR & 0% ~
2% ) XFAEEE AR TR 22 S Ak 7 P 7 R S
T 25 R BB | Fe- LA AL T XV A0 =R A A2 a2E AV
FERAEIE T A+PA (ARG, X T RTETT
RIS HEA TR A AR R 88 A B S
WRIVER, RIS A B T RFENHEE
AEJT,H15 A+PA PP R B RE, SRR R
IR BEE RIS A+PA AR A RER MR —8, nT L
G A A S A% A X I YR A = 0 11 A Rl A
(), 28R, BAFI AL 45 1 X 42 o v Ak 7= 1 1) A
WA MRIEER, R0 JE R AR ) 3 i 4k
PR AP .
2.2 EMBEERU=WERS

W) oy B A T Xz — R DU AR 1 T
FORFE PR3k WA R F T AR A < KR
gk i 2 SR IE O BEART P, AR 535 10 2 MR il i
WAL TR 1 RS P S S5 A RRAE A 46 T AL Ak v
ST 0 T R 7 0 () G5 R AR AE
2.2.1 ERNDEERNIZBHLINE ST

] 4 2R B E R WAL S T (e fh
AR 1 MPa ¥R EE Y 30 min A 7] 52
TR ) A WAL 5% 1 B 21 A6 I, TRl 25
TIRIER LS EERE R, BT IR R 4 F] L



4510 19

A 1,350 C LA A5 5k i i) 15 1 5 0 3k 151 A 22
AR, FFEIE C-H S5HFREA S, X 2R TR
PEREE/NT 350 CCHY,0+G PEREAR (/N 11% ) Fr
., RNREE KT 350 °C B, Bl OV R T LA
F O+G 7= 22BN, 5% 785 1Y) 55 J58 205 ¥ R A1F 3 37 BH 1
(3030 em™ ZEA MY FE C—H 4R PR3h1E 5 3 000 ~
2800 em MEAIE C—H fgadRsh R I L3 K)o
I 2 i T B A T 1 T o el P B b 2 1) A
AR 0+G FITER,

Intensity/(a.u.)

' ' 1 '
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber o /cm’!
4 BRSO KRN R RLBE T AakiA r 25 1
Figure 4 FT-IR spectra of HL coal and its liquefaction

residues at different temperatures
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Figure 8 FT-IR spectra of asphaltenes and preasphaltenes from liquefaction of HL coal at different temperatures

a: 250 C; b: 300 °C; c: 350 °C 5 d: 400 °C; e: 450 °C
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