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Effect of swelling mechanically with cavitated creosote oil on liquefaction
properties of Xigou coal from Xinjiang Zhundong
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Technology Co. ,Lid. Branch ,Beijing 100013, China)

Abstract ; With cavitated creosote oil as a swelling solvent , nature swollen Xigou coal sample was secondly swelled me-
chanically by a planetary ball mill for investigating the effect of swelling mechanically on the properties of direct hydro-
genation liquefaction of the sample. The investigating results indicate that after the sample is swelled mechanically , the
structure became more loose ,the volume average diameter and true density decreased by 60.52% and 8. 06% ,respec-
tively ,and the specific surface area and swelling degree increase by 90.91% and 25. 18% , respectively. The weight
loss process might be still divided into three phases,i. e. 110-330,330-550 and 550-1 000 °C ,but the weight losses
increase by 189.15% ,28.22% and 30% ,and the rates of weight loss increase by 208.9% ,24.62% and 30.01% ,
respectively, and the final weight loss increases by 64.79% . The f,, decreases from 0. 31 to 0. 22 and X, increases from
0.12 to 0.21. Yields of asphalt,oil and conversion increased by 40.78% ,8.87% and 8.44% ,respectively, gas yield
decreased by 36.03% ,and H, consumption decreased slightly.
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Table 1 Proximate,ultimate and petrographical analysis of coal samples
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2% 3.26 560 57.87 42.13 77.92 5.15 13.52 1.86 1.55 0.79 0.13
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Table 2 Components content and relative physical
parameters of creosote oil
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Fig. 1 SEM images of No. 1 and No. 2 coal samples
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Table 3 Relative physical parameters and the comparison

of No. 1 and No. 2 coal samples
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1% 15.12 0:66 1. 628 1.154
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AR/ % =60. 52 90. 91 25.18 -8.06
2.2 TGA G
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A B AR A R IR A — 35, SR BABLARA IK i AN BB
ARG 10 LR B R A5
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Fig.2 TG-DTG images of No. 1 and No. 2 coal samples
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553 BrBE(550 ~1 000 °C) , FE RV FEFHE B
HH,,COo A& CH,U . FEULEYBE, 1 SRR R
FFN 13.43% ,7F 580 °C H1 730 CAbHIHI T 2
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0.044 7% /C . 2 ‘THAER R EFRRH 17. 46% , £ A
() o7 At B 2 /NG B0 AR T o A iy
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FER S BRI T 30. 019% |, Jo Ht A8 £ s 34 51 348 i
T 11.14% f117.23%

25 L RTIR AT L SR 2R IK S 2
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KIEE 2 , I Coats—Redfern Ak R F—
PRI B F SRR T 2 A AR TR A S IR
330 ~430 CHMAfREN 122248, Bl 3 F13k 4 735

B3 152 SRR BT e I
Fig. 3 Arrhenius diagram of No. 1 and No. 2 coal samples

S5 T AR TS e ST R R R R, k4 T
BT R PEAR L BB R ¥R T 0.99, W Coats—
Redfern 738 FH TiZ BERETE 330 ~ 430 °C 975 fLBEAL
B AN IK SRR TE AR R 113, 1 kJ/mol ¥k
/A7 108. 6 kJ/mol , (KT 4.5 kJ/mol,,

R4 1572 SHEREE 330 ~430 CHREHNESHY
Table 4 Pyrolysis kinetics parameters of No. 1 and No. 2
coal samples in 330-430 °C

- T e’ E/ A/
SR R?
C (kJ « mol™) 103 s7!
15 330 ~430 113.1 2.28 0.993
25 330 ~430 108. 6 1.10 0. 992

2.3 HFEMTR
2.3.1 FT-IR &fF

Kl 4 Ry BB K R BERE 19 0 — k20 A ik 1A
F L 4 W7 DR %) s 06 7 RSO AR — B R
W WS AT e AN T 3 3R B AL AR I I i S5 B v B
RE A () A - 300, U U B ATUAR K LR X A 1
Gy FLERAT— R, AR RER IR A S 4 , (1
20 SRR 2 SIERERR 1300 ~ 1000 em™ P Gk
S G AT W S0 5 B W AT 3 0 A | LA 45 Wi B XA
PR . 33 2 B BLA 7 JHK A S AT LA B R AR v g —
sugs Sk RILE bR, B o eV
R RBR 2

B4 1 5H2 SHRA FTIR
Fig. 4 FTIR spectra of No. 1 and No. 2 coal samples
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Table 5 Fitting results and comparison of No. 1 and

No. 2 coal samples %
HhgH a a, A,

A IR AE 4.88 4.98 0.10
PRk m Ak 13.63 9.81 -3.82
SR e e 12. 65 16.74 4.09
FRILIE A B 31.73  40.23 8.50
FREE 33.57  25.96  -7.61
XIFR CH, 4Rzl 26.96  28.06 1.10
XiHK CH; 4R 3 9.93 9.88 -0.05
CH &4 3 16.31 15.93  -0.38
AXIFR CH, 4R 3 38.97  27.23 -11.74
AXIFR CH; h 443l 9.84 16.91 7.07
TFERER C = 0 h4iiksh 3.32 0.65 -2.67
FERRM C=C IR 26.91  24.65  -2.26
CH;—, CH,— 4R 3) 10. 14 10. 87 0.73
CH;—Ar,R #Y¥R3Z) 9.68 7.42 -2.26
F5EmET Y C—O0 PR3N 16.57  25.03 8. 46

BRI BEP R C—O MRS 33.38 31.38 -2.00

Ty ,ay 200100 1,2 SHEREIIETIRN A, =ay-a, .

XA 4 2 SRR R SRR RE S A BT N,
X AT RESE o TSR AL MR B v 0 20555
T=F B2, A 1R B AN AN L AT, 55 0 PN 40Uk A
FORLFTE, R T Sibax — A5 AR, T OB U R
11 TR AU B BOHURGEA K S 38, AR 4 5 o
2-Ar, 5 M6 7345 T 2 5 2-Ar SRR L
S T RITE 12 B N B 73 W UL 445

KIS 2 %5 M2 5 -Ac EEERY FTIR
Fig. 5 FTIR spectra of No.2 and No. 2—Ar coal samples

FH LS B 0L, 2 SR 1 Tk S B R AT W A i 5 38
WS T 2—-Ar SRR, 3% 6 WAL 2-Ar BEFER) C =
O 1 C—O HHREA & A ke, mibuE 2 5
SEFEIE AU REM & S 03 i S0 R 5N A R R
AR NIFTEL, B A T  WE TR 2 60 °C Ik
TRIABEN) & KR E 275 ~ 320 °C, & TCHLM 1k
BRI S SRR RN

F6 2S5 2-Ar T 1300 ~1 100 cm™
BHSIENSERRELILE
Table 6 Fitting results and comparison of No. 2 and
No. 2-Ar coal samples in 1 300-1 100 cm™ %

HhEM a a; 4,
RFERER C = O ik sh 0.65 0.24 -0. 41
IR C = CHR3h 24.65  27.74 3.09
CH,—, CH,— A IR 5 10. 87 12.52 1. 65
CH,—Ar, R 3R 3) 7.42 9.61 2.19
F5 FE Bk C—O0 k3h 25.03  21.51  -3.52

BRI FEAY C—O MgEiRsh 31.38 26. 48 -4.90

T ay 9 2-Ar BRI A, =ay—a, o

2.3.2 “C-NMR #1E

XIHLARE K B IS O RE E 4T C - NMR R AE 5347,
IR Peakfit 43 W FAF AR 48 SCHR [ 20-21 ] X0 iz
FIEE , AR B AL BLE B an el 6 Fis . S HRSC
BRI22 7 AR ] 6 o £ i AH 6 T AR, TH 3 A 56
SRS, AR,

Fle 1 -5H2 SHFEM"Y C-NMR 1%
Fig. 6 “C-NMR spectrum of No. 1 and No. 2 coal samples
6 W1, PRASEAE i e B 2R AH ], (H ARG &5
HA 2R, X R PP KA 25 b 28 A v )
REMIZERY 3R 7 nl g, MY T 1 SR 2 S IE
f

B TERE S U IS  BEREDT B TR, 554
PCRRBERG S, 5 3CHR [ 12 ] 40— 2 53 80, iR i R B AR
TONAD R, SLAN ARG, £, A
SEHTIN 5 A e, PO SRR SR RE AT G, X
WLUESE T B i A SR A SR OB AR
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Table 7 Carbon structure parameters of No. 1 and No. 2 coal samples

R fa 7 £ A f 5

f: f? fal f'j f:l . a)l Xh

15 0.69 .0. 66 0.03 0.38 0.28 0.09

25 0.78 0.72 0.06 0.35 0.37 0.1

0.11 0.08 0.31 0.2 0.1 0.01 0.12
0.12 0.15 0.22 0.12 0. 08 0.02 0.21

TE: f, OFHRA S O5 R SP? Al i BB A T 380 /S BRIERR /) BT OTER A AR BT TT R A BRI ] A BE SRR
B2 BTt s fy SRBWCR /S S R BRI 1 O R e /G SR SR X, = MR T B O A sk

3 mMEBRUER

BBV I T A T ST A 285 SR RN S = 4
BARE 7 AR 8 s, W7 af DL AR T 1 SR
B ZHUMIE KIS 2 S ERE A7 7= 2R S 7= R
ALY B T 40.78% ,8. 87% 1 8. 44% , 5.7
TN T 36.03% . TEMETHE T, & 8 Al H1,2 S
FESA= Y H, & 8RN, RS T 2 4
ANETA AR RE R T, 2 SHRES" R
%, P RESE: PR R ML G (8 JFL R ok 38 R AIC i 2 (1R 6
MET) . Bk, eI R b B R i L 35

BB B 5y D [T R e A6 R A, — 2 B o R
o

BT L5 2 SR A
Fig. 7  Liquefaction results of No. 1 and No. 2 coal samples
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Table 8 Gas components and its contents of No. 1 and No. 2 coal samples liquefaction %

i%# CH4 CZ H6 CZ H4 C3 HS

C,Hy i-C,Hy n-C,H,) t-C,Hg i=C,H; c-C,Hy i-C,H, n-C;H, €O, H,S o H,

1% 592 277 0.03 0.8 — 0.16 — 0:01 — 0.02 0.02 — 1.77 0.84 1.95 85.71
2% 6.77 1.93  0.02 — 0.10 — s 0.01 — 0.01 — 1. 82 — — 89.33
B P 25 B 18

4 # £

(1) AU T BREARE 1 R BHOST- SA R PR L 285 3 4
FI/NT 60. 529% F1 8. 06% , Hb 2 AL AE K 22 43 3]
AT 90.91% H125. 18%

(2) MLBHR A K B 6% 7F — 2 B2 B 1 R B 1) 4
T4 f, M55 AT WO R by — gy R
i —COOH Wi a5 sa s, R BURH R H R K, H
i, X 100 ~330 C /N FH BV F i, 2R R Y
I 190% , % 330 ~ 550 °C N A ML SLH% A1 550 ~
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