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Abstract ; Tar-rich coal is an important resource for easing the tight supply of oil and gas,and realizing the green and
low-carbon utilization of coal. Compared with the hydrogen-rich coal, the tar-rich coal is broader in coal types
and more specific in its applicability. The relationship between high volatile yield and high tar yield is non-monotonici-
ty, especially in the limited area and coal rank. However,the tar yield based on the Gray-King assay,that has less data
in the previous exploration, is the only indicator to recognize tar-rich coal. Aiming to enrich the indicator to
distinguish the tar-rich coal ,the relationships between tar yield and several indicators were discussed based on the coal
in the south of Shenfu. The results shown that;(D The data of tar yield is gradually convergent with coal seam thickness,
although there is no correlation between the both. @ In a limited range of coal rank ,the volatile matter is weakly correla-
ted with tar yield,but strongly correlated with the gas yield and the water yield. This relationship is also shown in the H/
C ratio and tar yield. The combination between the free radicals of hydrogen and oxygen-containing functional groups
from coal plays an important role in this phenomenon. 3) The macrolithotype of coal affects the tar yield through its com-
ponent of maceral. Tar yield is controlled by both vitrinite and mineral. The vitrinite plays a major role in the tar yield of
bright coal and semibright-semidull coal. The tar yield of dull coal and shale is always controlled by mineral. @) The re-
lationship between ash content and tar yield is monotonous decreasing,but the performance of different ash components
is various. Ca0 + MgO that indicates the endogenous deposition is helpful to the pyrolysis catalysis of tar-rich coal and
improve the tar yield to a certain extent. Si0,+ Al,O, which indicates terrigenous clastic deposition reduces the tar yield
of coal ,which is consistent with the tendency of ash and tar yield. Although the Fe,O,( Pyrite) that indicates occluded
and stagnant environment accelerates coal pyrolysis, the tar yield was not obviously increasing with the increase
of the mass fraction of Fe, O,, which is on the contrary with water yield. &) A good negative correlation is shown
B,C and CH,/CH,. It indicates more

Aliphatic structure, alkyl side chain and relatively weak of cross-linking in the low density of coal, which is

between true density and tar yield since low density with the low values of A, /A

al »

conducive to the unstable chemical bonds crack and forms alkyl free radicals,thus improving the yield of coal tar.

Key words :tar-rich coal ;volatile matter ;maceral ;ash composition ;true density ;tar yield

TREE AR A E D P X
TSR A 5 000 12 v, T A0 A TR N 5
OB TE IS, E IR AR A R T A
AT 7% M0 (£ TERe T.2) st s
S A S5 T A A B AT 2 1 Y | SE T AR AR
JERRI S n] UL R A R [ P o S g
IRAR o ] R A s 22 4y T HLA BRI B v
kv

IR R TR 40 U & S5 B R Tl
BRFM (2014 BT IO F46 & TR 4510 T A2
PR T % W IEFR A B il 76 7% ~ 12% W IKFR R &
B KT 129% A5 T2 00 A5 8 4 il e
R=T%MEGFRN A, X —2 207 XA
A SRR B RGP, o (A5 & TR L T A
Wi, DASRIE Bl B RN AR R E SRR =
Ry GRS SRERE S R T E i s | H 2%
TR A 28 T DA RS AR AE R = B Ak A JE
TR A B, 2200 AN A B AR
b, & AR B TR e U T EAA T R
IR R MRS AR TR

EX—RRRT & AR B A 7T

ST DAL BE AR B R AE I OB L
W IERE S B = o BRI B R A S
FEIN PRI N ELA SRR N, AER — I P,
DURRIRES ) o 4 1 48 2 1 1) 25 S P TR AR o e v A
FEJZI X 3 _E A7 78 B S 00 AR 2 5 23 A i e
DABRVEARZ 2 IE)2 0, RS & s A )iz (A
M= R T 3% ~ 16% , & W5 & I 7E HAS
[ X R 25 5, 3K 1 B T A7 b o 8 £ 7
WA e —E RO

HHET, #% 4 T A i = 2 & AR
Me—FE bR, (HA7E LAE DR SO R g B e b . el 58
SR AR B S Al B 5000, o B A R T S
B MR AR DR [P 2 — | U FLAEAT BR ) X S R B v
FEL P, PRERS HETTAN & i A R I S o A ek B
LB, EH VLSRR Z W A i b me SR8 X A 4]
RGBT & TR A N = R S
B, 5 E I A 2 e U

1 Bt

AR R FR AT XS T 50 2% 22 0 340 s 2 st (7 i e 3
XA ZRALHR , DX AT — 2L SE G2 A ORI S 2R 51



5

Uil ER R 26 « o AT e 7S S 22 4 s B 22 DR L 2059

AT ANEE G T, P i AR i B AR DL T S W 2= B o G
B, BFFE R BRI TR R L AMZ, A L
530 5 AR, 73A 7T 5 A HUZ B, nlRBZ
FEARE 1R 27 3T AT 4T 4T 5
HE 1), BIRENRE HIR RN, LI R -J&
BEZ N T Al fag B B R RN R, )2 1
TRAE 21 ~380 m, AR BN I 7R B R AT AL PU 3B
PR E, BAEARE A 2 85k B a2

45| 21| B

=
Iy
11

=l

=
TR
EHE
< o® |l

=4

W (s
PT TR
i
e i
RIS
oyl

=31

E-H

LI IE

|l
T NI

e BT
SN
oI
Syt
AL

&
—
==}

SR

AL IE

SR = £
Ve BB
LI |

FIRRISAPY oy bl i | g Pt =
Ve IR IAVE
KR

0 16 32 erl | R
{3E

P AIRES
= AR
o e
by -
EE e
gy e
|
%%
£ ==
&
el ===
B s
;g AR IR

1]

Ve R IR E

ZAR/TRUIPE]

S
el (i
AN (RBIREE
T it be )
L v N
HoO| A Fr
5L LI
ZAR/IRIP ]
TRIAE
S I8
T

N

= = |

i |

=1

s'uﬂﬂué;;;g;n

==

i
DL | oo
i

B |

MTEFH o

w

s

E
pE o RE MR

= |

N

B
=
of: U
+
B
=
Df
S

Pl 1 R e 0 A A U =2 0 b 2 40 o 2 R
Fig.1 General stratigraphic column of Yan’ an

Formation in the south of Shenfu''"’

WFFE IR D 2R 42 4 32 DL = A P - W D0 AR
HNEED) GE—BEZRF = MMTTR, =
VSR O = AT S, B R E S R AL S
BB, WK GE 5Kl = AR PR
FUTEDURR , Z 5 WK AR 20, i )3 DUz i i
W =FIMAT DU, KB 3 SRS DU,
KEA 4HE, BEA BKARSER A, =M IHT %%
WAL = NP JEICAR , O & 7 R BRI 472 1
JZ o HE=BEUURURY], — A I ORI Rl BT R
BERR o Aka e i3 FERD e, HR AR I B T 1
JREERRH 37 EZ S DY BETURTE LA = A N I
DIBON T EAB T AT TIREB AR 27 KR,
S L BDUARI A I R AE, RUAE R R S = -
DURR, Bk TR IR B AR X B g AR AN B

20-22
FaE

2 ENSTERNARELE

WV R BRI BT B G S, 2%
TSI A AR e M A R R
5 P R ) B O AR e TN g it O i o B
FERORERY SR, 18] 2 7 A4S G B2 J5E B2 B
A R B B A — B G AR RV 52 5
MR, A RO AT AR E . X S AN RIR R 5y
AT HA BRI R 1B 37 470 47 B 47 R
JE RN BARXE R (R 1) AN RRZ BB e
I ISR AT A —E 25 5 T AR RN ] |
B BB AR B 5 Z AL, 272 AN 572 R i
BOR W B2 GURRIR BT AR XTI, faih 4

14 ¢

FEM =2/ %
S

oo
T

[=)}
T

SR 2 R H/m

B2 ARBMEERZ R 5 i R A G
Fig.2 Relationship between coal thickness and tar yield
T AR T3 B RS b, P R o)
SRR Rl (900 °C ) FAMRZEAF B USHE R R,
A 46T ERR a0 DU 7 45 ™ S B A X AR, AT
BRI Y, 45 K005 R 3 R KR
ZIAIAACPE R RO, ER] R B, B 4 0 03 1)



2060 #H % F 1® 2002 455 47 %
*1 #HEEHEEEESIT 7R o
Table 1 Thickness of coal seam in southern Shenfu m BRI, R W XA B DL B 4 & F i i 4
‘Jﬁf{ﬁ [ S N . D b RSN AR S T A YT (7
I 223 765 342 405 405 115 7.60 A ot 522 T N
BUME 106 236 180 104 075 068  1.25 ﬁﬁﬁ Eﬁ%@' B, {%{Hﬂfﬁilﬂ#—iﬁ%j{‘éﬁ s Fi
T 170 465 287 323 183 097  5.08 Koy 5 H/C T I AR — 4878 AR ™= % i

BRI R (T, ) B BUREE R K  R R
—E W KR B (18 3(a) ~ (),
Forp i oy A S R R B B R e, B R R
5 AR A B BE XN AR, H/C R
T HS R R AR FIRR A 2E R BAT W A 4
AR XSG NRAE SR M2 R B
& H/C T LR, 7 SR 2 B ) 0 A A
P KR ER—ER LIS K 3(d) ~ ()

B RGBS TR I A SR A R
AL FI By SR AR T, HeS2 12T U AR A 2 7 5 (U
BRI, AR HOARAS ), REAAR I B A
QENAREAS (358 3 Ty L7/ IDify o e DI I ELigaN
JEIREE AT R TR b s A A A Y T A
U NE R Ly Rl £ SR SR N P 8
AR Z AL HO - JF S H - 858 E
JRH, 00 A2 i B AR M IR, 4 R AR
P, S S e 2 AR R AR A S A

16 - 16 18
14+ 14+ ., 16p -
8
12+ 3z 141
e 127 S =
S 10 %
& 10k r <
¥ o8k A 10k
8 6L 8
6+ 4 6
28 28 32 36 40 44 48 28 32 36 40 44 48
Vial % Vial %0
(b) (¢)
16 161 18
L 141 = 16+ -
14 - - - = - c\\: .-:--
< 12F % [ mem el . 5:14' ;;E'_ .
= rojof == Rl T 12 ". ww -
=~ 10 'H\ -ﬂ ﬁ.f- t“ % .=.--- --'--
8 I W 3 = . o | g o
st of o o ST AREeE
- '-.- = e " mwm
6 L 4 B - 6 L - - -
0.60 0.65 0.70 0.75 0.80 0.85 0.60 0.65 0.70 0.75 0.80 0.85 0.60 0.65 0.70 0.75 0.80 0.85
H/CJ5F L H/CJs ¥t H/CJAT H
(d) (e) ()
B3 A7 5 HYC T L S R = A DG
Fig.3 Correlation between coal pyrolysis products and volatile yield ,H/C ratio
s . A 5 A S R B S A BT 3 X
3 EMENBNEAFHIE

BARIER 43 H/C R X B2 3 7= 23R o 1 4
55 AE AT BLA A2 A B 2 W 2 R 9 7 %
BA A W20 X o B, Horbolase A it 3830 3k
T s, e W 2, TR IR X I AIG , J)2 o e
BRI R AR (BT 4 (a) ) o 1 2 H AR A
R B U, S B AR R Y (N 8.45%
I35 FREREIR 20.8% 5 2 58 - W B AR T R R
H7.56% 535 RBCN 17. 7%, Bl AR Bk s 4k

JEH S A B S oy B (K 4(b)) . 18
JRELAE A SE -G B R B e e, R O 50t
SEMEFEIN A S RN YRR S BT
PRI LRI, F AT T b o 4l J2 0K i Al
FRLFEFEAR 5 o0 I R AT AR il 7 R B Ay
EFAEH o UEIIRERY fa il 7= R — T 1 2 P TR
BERRAARREE | 15 U BRI ) 3 TR JEE 4 DT AT OG5 5
— 7 A% T B VR B R AT S A 25 R B2, BBl 5
T T MBS , A A i 7 AR



Wil DG B A5 < T T 08 A0 22 A il PR 22 TP RO 2061

5
12
m—f&" R
ot -T' o*
o ¥ e
8 :0 e g o
= e 0
;‘S 6 3&0‘ . ;j. ¢ T
o ¢
4 L *
*
2 -
0 ) ) ) E*E
T PSR BRRIE JehT
TSI
(a)
COseid C Ot CO5emd a7
100

80

60

40 -

R AR B %

20

T T Y
TN F
(b)

B4 [RGB Y At ™ R L S R ik
Fig.4 Tar yield and maceral groups of different

macrolitho type coals
PE—PT fRh R B B B AL AR AR B T
SRS S (B 5 (a) ) , BB IRAREEI (AR S

12-
. .
10}
8t n
<6
S, A B
A 0 5K R
2 A R
A A A FHF
0 10 20 30 40 50 60 70 80 90
5 ST AARF > BU%
(a)

T B S AR
— —~[]

6 O
& mObTEHE
o A R
2t A BN
o L . R L
0 1 2 3 4 5

SRR 5%
(¢)

e, BRI AR SRR AP R R 5k —
PGS (BRI AT B S A B A, PR B T At
RIGZHELRINE, B S5(b) s H B A R =R
ORI ESE RN % - WA T ™ R FE R Bl 1 Jot
AR B 3 g 32 B, AR R IR R T
PR BB RO, P s . A 7 B 4L A7 o
R AL REA , t T AR B B D S
A= AR AR A B, £ R S e T 2 ]
SRR ILEASCHE (18 5 () ) (HTRI I 32 2 5 554
B E AN E T RN, SRR -
IR R D FHERI RN, SR
R B BE A AR AR R G0, £R )7 R 2 ek
P (E5(d)) o

4 TROXEHmRALRGE

MR LTS T AL [ 2 & e o, rp
AR IR T A ALER 4, Ao i 4 s B 1
XTEER AT B —E e (B 2800 ) i
XTI P2 I TOTTRR, B K53 77 B M 4 v, A
FEI 7 R BRI B 8 TR AR T 38 ik b
T 10.32% E T ESEE (K 6) . SR L, BK
JERE B AR I = N, FLAR I s AR T 360 °C BEE
JEAL A v B2 (<170 °C) R BOR T IR
ROETS 457 3l i i IR e & & Be A M 0, & Bix

10+ w Bl
8 LI
RS
Eor
44 o g
A 0 52— HE
2+ A RS
A A A R
0 10 20 30 40 50 60 70 80
18 R AR B %
(b)
12
10 u ERE
8 u O st ma
n A BRI

A JeRT

ol . . . i )
0 20 40 60 80 100
WA AR5 K%
(d)

K5 b R SRR

Fig.5 Relationship between tar yield and maceral content



2062 # 2

F #® 2002 45 47 %

16
14+
12k
L 10
é
& 8
6 -
4T T,=1032-0.084,
2F  R>=0.057
0 5 10 15 20 25 30

Ad%

Bl 6 AR>S AR AR

Fig.6 The correlation between tar yield and ash yield
PERERR AR Oy AL S R

WF9E KK H L Si0,, AL 05, Fe, 0, , CaO %555
R 3 1B RIS ST o Ak il LhoE PR e R85
R, Sial R DLRE IR 38 FLEE 48 IR b 8 N AF 7 T
Hh ) S Wl e ARk AR R R S A 0 R R ) A R
B AL LA 15 B0 5 Al 2 LR R B R A T35
T KA EREREE . s Si0,-A1,0, 5
HOTRIE IR S T Ve AR By BOR KA B At
FEHHLABARIZ Y 5 55 HRAE o 28 53X — i T U g 7 S
ok R R SR SR R ER Y S LR IZ S 3 B
TG TS s AU 55 5 CaO —MgO S5t T 1t AR FP A BE 17
SEOECE RN, A2 TR G a8, — 48 7 1)
2 AR B 2 W A A S 55 AR A - A
JREREE, BEAN, Fe, 0, SO0, di TS 7 I B4 i o i 3

100
80
S
860- ne o
3 = i
T 401 n u
l.l‘ .‘ [ ] ]
0f = % ® m®
0 1 1 1 1 ]
8 12 16 20 24
W(ALO3)/%
(a)
24 ¢
20 F .
u
o161 . "
= | |
S 12t . e " Ll
o g
T 8 W -"‘ r o " n"
Pag=ih iR s
4+ o l...
0 1 1 1 1 1 1 1 1 1
6 8 10 12 14 16 18 20 22 24
W(ALO)/%
(c)

BT (1 1A 9E - A € A TP A IR BT >
WFFE KB K SR LA Si0,, AL 04 2 3, 3543 LU
CaO- MgO N T, Fe,0, — SO, i M sk & (K
7)o Si0,, Al, O, Z [a] B A7 & 4 i 1E A8 ¢ P (A
8(a) ), S WL v i YR AR S A AR R B L
Yy, H8 7R K Sh T AR 55 B R e TR KRR EE . CaO
55 ALO, 2 i) B — i S S (18] 8 (b)), R —
IRIRZEAE T 1 N IR TR AR P3G 8 | S5 0B A FH Dl
5, Fe,0,5 AL O, ZIAFHCHEABIE (8(c) ), WIFEIX
SREIZTEVE AR TR v | 25 5 AEAR XS B8 1 S K A4
BRI ARG, K 8(d) R Fe,0, 5HiLY)
Wi (S, ) BA— A, Wik — D EE R ke R

w(Fe,0,-80;) /%

7 BRI S oG Mk = A

Fig.7 Triangle diagram based on ash composition

50 u
[
40t e
| ]
g i B
630 hll. -
S . ' ,ll
T2} m " 2
e
H g
10 -.. ] ll.
0 1 L L L 1 1 1 J
6 8 10 12 14 16 18 20 22 24
W(ALOL)%
(b)
0.6
0.4+
§
= u -
@0,2— '.l l.‘..l ‘l
2 Em E  A.m 1# o =,
N L #‘. |
- 1
0_

2 4 6 8 10 12 14 16
w(Fe,03)/%
(d)

8 MBI FA A

Fig.8 Relationship between some major element oxides



5 5 1] I DK ER A5 T G T SEE 2 2 T 22 TR U A 2063
ERPIHER B T, BEH 1w ( CaO+MgO ) AT, A5 A BASiFE A 37 R L B —

DAL 89 32 B9 B JR R B 0 g A R T4
FEIH P R PE R, B w (Si0,+A1,0,) 3, B
PR R RS (B 9(a) ), Bl 4 Jm D)X 4R
fR G AL LA A AR A 0t 4 A A T
A B F IR C—C B2 T 75 G L RE , 25 A 1k
PRAE AT AT B R AR R 1B/ 9(b) R

20

16

S 12+

> LY .-l- n

[\‘8— '..4+".t f. "
'l

4_

0 1 1 1 1 1 ]
40 50 60 70 8 90 100
W(Si0,+ALOL)%

(a)

20

16
ilz g ™ LN | n
AT L

gr H m n n ul

| -
4._
0

2 4 6 8 10 12 14 16
w(Fe,053)/%
(¢)

E MR ROBE B IR P 5 A Bh B i e
PRRETTHBE G U SRR T ik [ A A AL
PERI A& 9 () BRI Y w(Fe,0,) H]
TG FAHSENE | S P i e rp e ot 35 40 RE M
R I Z RIS/ T, HEEF w(Fe,05)
B, K AR BRI (E 9(d) ),

20

16

T.a/%

| -'...!Ii": ﬁ"_\."ﬁ -

L "I |

0 5 10 15 20 25 30
w(CaO+Mg0)/%
(b)

FEIKEW, /%
I~
-
rJ
[ ol
.
L - -.
- '.‘-
]
)
.- 5-
7] [ L]
]

2 4 6 8 10 12 14 16
w(Fe,0:)/%
(d)

FlO REREH RET R & i 5 Ml AR e

Fig.9 Relationship between some major elements and tar yield of coal

5 EFEXEHRENERORMNE

51 EZESERTREXME

MY L B S e T AN LR A AR
DU, — 7 S BEh ALy SR R, 95— 7 1T 52
TR AT LR, Bl BEAC AR E Y
P, B ELR T e GAR RAIR SRR SR e LG T
UL T AR AR AR — B A R
LB R AR T

MIESH T IR L AL T 73145 R I
Oy B s (VRSB o DRI, WP SO 2 K 2 AT
—RERFRAER S, TEHAEAR R AR A
O ER R AP AR B3 22 5 M rh A AR
ZEF XTI BB AR R A R, 18T 10 o
W UL AN, B A A 7 3 B BRI
XA B AE B A RO ) BRI T BT B R AT A R W
Ei=L 2

16 -
14
p" .
loLm a l. ] ]
& 6l
4L
2_
0 L . . . . .
1.32 1.36 1.40 1.44 1.48 1.52

HAEEp/(gecm™)

B 10 ARFHEEL % B S AT = R A e
Fig.10 Relationship between true density and tar yield of coal

5.2 AEZEREEMREN

VEHCBF 58 X % BE 4r 5 A 1.25 (LDM ), 1.32
(MDM) ,1.47 g/cm’(HDM) (45 AAE & 10 1 13 L
ZLAMGIE 53 A i HE e 40 A (1 11) . LDM 21
AN #E 3 000 ~ 2 800 em”! A #3114 I i R
C—H #E3h, 15 1 445,1 045,875 em™ ' [FIAEHA B4R



2064 # 2

F #® 2022 44 47 %

5%, 4 & T8 Wi iE—CH, ¥k 8l IR i ¢—O
ezl KA H AL BRI 3h, 3 000 ~2 800, 1 520 ~
1350 em™ PR R 1) IR IS0 58 B s R R o
FIBERLE fEH, b 2 850,2 922 em™ MR Wi I 43 1] 4
7 —CH,— %% FR A 45 4i 2 FAS X B (e 4 4 20, (1%
5 R I A U R R R T R R A

R T S B AN R RE A 9 A A R SR A

1150
2953 2850 1690f)\' i~ 11 045754
™ i N 878 707

HDM

L H ((
4000 3500 3000 27000

1 560 1 OOd 500
PBeH/em!
K11 AR AL AMEE
Fig.11 FT-IR spectra of different density coals

x2 BRPHoERE

WAL 7 AR O [B) B Re 1A 9 ik [ i 3, o MDM
FEFTE 3 000~2 800 em™ [ ArIEAUL A R TS 4n 1] 12 iy
7, FH A N [R) B BE AT (R I T AR A, DL KR 2h5 40 =
$A,/A,,CH,/CH,(WE L) ,B T C 55 (£ 2) ,iX
SEFERREM 2 I T A AL LT AN AT
TR IR
Aar/Aal :Al 650-1 520 cm™" /AZ 800-3 000 cm™! ( 1 )
B=A; 5003 50 e/ (A3 000-2 800 emt A1 6501 50 e ) (2)
C=A, 650-1 520 em /A2 950 e (3)
4.0
3.5F
3.0F
2.5+F
2.0
1.5F

1.0r

0.5r
0

MR /%

K e

2 800 2 850 2900 2950 3000
W/ em™!

Pl 12 MDM BEFEAE 3 000~2 800 cm ™ ISl
Fig.12 Cuves fitting of region from 3 000-2 800 ¢cm™" in
spectrum of MDM

FIEER A RFEENSE

Table 2 Peak area of some functional groups and structural parameters of coal

S A B BE T R A IS SEL
i fig Wik c—H —CH,— —CH; HIR C=C C=0
A,/A,  CH,/CH, B C
(3000~2800cm™) (2922 cm™) (2953 em™)  (1650~1520 cm™) (1 650~1 800 cm™)
LDM 1201.59 436.82 266.44 3 764.45 1001.12 3.13 1.64 0.24 14.13
MDM 306.07 96.62 56.46 2 030.27 524.60 6.63 1.71 0.13 35.96
HDM 387.42 134.06 62.51 2 981.05 836.34 7.69 2.14 0.12 47.69

A/ A R T B R 5 1R T 245 4 R X E AL
IR B LDM REfh A /A AT BE N, ol 3.13; & %
J& HDM Ff i A, /A X R, 0 7.69, R 45 iR
[0 4546 (—CH,— ,—CH, 55 ) Fifi % B () 38 I 1 328 3 ik
RERE SRR R D 45 R s At 2 1 R R
ZHB D B R SRR e AR s
IR BN R S 4T I A LR B e AR
AR E = 2 Dg U 4540 o &, A6 —CH,—,
—CH,—CH,—,—CH,—O0—%; ¥ 4> th 7% J5 7 & #g
AR AL, In—0—,—S—45%, & A E AE B 25U = fig
BN AF R MRS, CEAR B A v B & A= it
S RIS R e AT R R
SRR B 5 AR fh2F B, DU AE 0 2 1
IR B R 2 By AN [ R A, gk
T R MM A 4L 4 H ) B FLEH ¢ =C

5 b B ) 5% 25 48 —CH, 1) 0 T AR LL (B ( ©) RAE
T A A B SNG4 55 A 4 R R B IR
B BERE 2 SRR A X A, —CH,— B A
BT AR P e S N e SR B A RE , AN B A 46 41 50
(1 CH,/ CH I [A1 AR L Bl 0 %5 B2 4 Dok /) T 3 A1, 18 2R
TR EERE A P —CH M B B R 3 2 A M T
PRI P R ORI < e

6 & it

(1) VE R B AU, & I B e o b R A
AR VIR I 4544 R F2 10 B S s A I 8, HodeE
TR AR R AR A E A s A
AT SR 3 e A BRAREBA FB N = 5 & 43
R H/C JRT L5 R I 7 SR ELAg R L35
Xof e BT X AR ™ A e K 3 X S R



%5 UIPNES

S5 R Pl T AIE 2 2 TR 22 PR

pSkEL 2065

AERRAFHER A HUIKR, K2R
ENERERTE Y P

(2) W %%ﬂﬁMMFﬁﬂﬁﬁﬁ%%ﬂ
P AR sz B L A 5y 5 T R s il
OGS P AR R R S5 B E
FHOGHE I IR I R0 e A 1) 5 9 7= R 6 40 9 118 Wi 7 2
[N

(3) Bl U S TR G s A ) TR AR = o R
KL Si0, , Al, 04 2k 322 B3 1 K 435 F8 3 7 4 [R5
RS GARICNE , BEVRRE S EE U+ Yo £, NI
DURRAE FH 8 5 Al 5K B 3 T CaO, MgO Joit it 43 503
R B — e SR EVE ], Fe, O, (B R
W) BRI B A AL 24 VE (BRI 5% X JF
RFIH 5 AT R A DG | RO X KR
AR

(4) BB PERBLT HE5r T M I sAR TR B | 5 45
TH R[] AR B A DG IR AR R B
HA,/A, LB, CCH,/ CH BB E /N 46 s b iR
L LSS E NI e i UL

5 2% 3Lk ( References) :

i 5 £ i R

(1] HMNI, A — I 2 B A i
B BRI A, 2015.

[2] s, ikETE, EEH, 55 IR o EE PR R
R [T]. HHAHE,2013,38(10) ; 1868—1872.

FAN Jianfeng,ZHANG Zhongqing, YAO Chunlei, et al. Study on hy-

WM. 2K

grogen of medium temperature coal tar to clean fuel[ J]. Journal of
China Coal Society,2013,38(10) : 1868-1872.

[3] VASSILEV S V,VASSILEVA C G,VASSILEV V S. Advantages and
disadvantages of composition and properties of biomass in comparison
with coal : An overview[ J]. Fuel,2015,158:330-350.

[4] FUY,GUO Y H,ZHANG K X. Effect of three different catalysts
(KCI,Ca0,and Fe, O5) on the reactivity and mechanism of low-
rank coal pyrolysis[ J]. Energy & Fuels,2016,30(3) :2428-2433.

[5] JIANG H,WANG M, LI Y, et al. Integrated coal pyrolysis with steam
reforming of propane to improve tar yield[ J]. Journal of Analytical
and Applied Pyrolysis,2020,147:104805.

[6] W/ HRTAERFMMmES. 07 IR TR T (2014
BT [M]. dbat. Ml et 2014

(7] EXUW PR, EA4, %, w b aE a3 s 1 5 4 (A1
BRIFR[T]. W4 ,2021,46(5) 1 1365-1377.

WANG  Shuangming, SHI Qingmin, WANG Shengquan, et al.

Resource property and exploitation concepts with green and
low-carbon of tar-rich coal as coal-based oil and gas[ J]. Journal of
China Coal Society,2021,46(5) :1365-1377.

(8] ZRmmIE. Tty AL AL BT I M Rl S HEHL BT
JiE T, 1983,29(3) :245-261.

BXT].

ZHU Liying. Petrography of early Paleozoic highly metamorphosed
boghead coal and its geological significance[ J]. Geological Review,

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1983,29(3) :245-261.

CADLE A B,CAIRNCROSS B,CHRISTIE A D M, et al. The Karoo
Basin of South Africa: Type basin for the coal-bearing deposits of
southern Africa[]J].
23(1-4) :117-157.

International Journal of Coal Geology, 1993,

HAN Z. Organic geochemistry and petrology of torbanite , cannel
coal and their constituent macerals [ D |. Carbondale: Southern
[linois University, 1995.

BOESHEE, T RS, o~ e M R 2 2R i SO A i ) R )
W], A5 RAIHT,2002,23(4) :326-331,

LIU Yiqun, FENG Qiao, HAO Jianrong. Discussion on oil de-
rived coal in the Jurassic oil pool in Turfan-Hami basin[ J]. Oil
& Gas Geology,2002,23(4) :326-331.

WANG S,TANG Y,SCHOBERT H H,et al. Application and ther-
mal properties of hydrogen-rich bark coal [ J]. Fuel, 2015, 162
121-127.

T, RS XIS, 5 R A BCIRAS HRTEM 28 fL 4R fiE
&Eﬂ@%‘mﬁﬁﬁm. BRRME %40, 2018,46(2) : 138-144.
WANG Shaoqing, CHEN Hao, LIU Penghua, et al. HRTEM im-
age changes on heating and thermogravimetric characteristic
barkinite[ J ].
46(2) :138-144.

Wkt S I L o v S PR 5 A B P A LT 52 [ D ]
P22 PR RS, 2020.

YANG Rui. Study on the occurrence characteristics and pyroly-

Journal of Fuel Chemistry and Technology, 2018,

sis characteristics of barkinite in coal of Lontan formation, Guizhou
[D]. Xi’an;Xi’ an University of Science and Technology,2020.
XU W C,TOMITA A. Effect of coal type on the flash pyrolysis of
various coals[ J]. Fuel,1987,66(5) :627-631.
E8E TR, . W KR R A R AR S LU
WFFEL]. AR 2020,48(12) :192-197.
WANG Rui, XIA Yucheng, MA Li. Study on oil-rich coal occur-
ance characteristics and sedimentary environment in Yushen mining
area[ J|. Coal Science and Technology,2020,48(12) ;:192-197.
W, 2R T BRAE, 55 BB 0 DX Tl AR AR B
BRI A TT]. PSR ,2020,46(11) :83-90.
XIE Qing, LI Ning, YAO Zheng, et al. Research on the tar
yield characteristics and main control factors of tar-rich coal
in Huangling mining area[ J]. China Coal ,2020,46(11) :83-90.
WAE, SRR, 2R T A B e— B 2 W TR IR AR AR R
SR ZE [T ] O b 5T 5 B, 2021 ,49(3) 5061, 68.
YAO Zheng, LUO Qianzhou, LI Ning, et al. Occurrence characteris-
tics of Carboniferous-Permian tar-rich coal and influencing factors
in Northern Shaanxi[ J]. Coal Geology & Exploration,2021,49(3)
50-61,68.
FRAER. SRR ZE R D AT 22 4 27— i S SRR
ALD]. Jemt: hEm R (FE5T) ,2012.
WANG  Dongdong.  Sequence-palaeo  geography and coal-
accumulation of the Middle Jurassic Yan’ an formation in Ordos ba-
sin[ D]. Beijing: China University of Mining and Technology-Bei-
jing,2012.
BRI, WRIE 135, S8R 2 307 4 4t b A S8 22 b DX v AR B 52
FEGZY BRI T HZIFFT [ T]. VIR 24, 2003,21(2) :



2066

%X

1’ 2022 4EH5 47 4

[21]

[27]

[28]

[30]

[31]

307-312.

ZHAO Junxing, CHEN Hongde, XIANG Fang. The high-resolution
sequence stratigraphy feature of Yan’ an formation in Yan’ an area,
Ordos basin [ J]. Acta Sedimentologica Sinica, 2003, 21 (2):
307-312.

R, SRR Z Wi A bk B R DUAR IR FOR 207 3 2 2 5T
[D]. 4% Pt K= ,2007.

LIANG Jiwei. Research on sedimentary system and sequence stra-
tigraphy of the Jurassic in Ordos basin[ D]. Xi’ an: Northwest Uni-
versity ,2007.

FIRAR B S A A B X P R 2 A 2 T
FRAELT]. i BEE40,2012,14(4) 451-460.

WANG Dongdong,SHAO Longyi, LI Zhixue, et al. Palaeogeograph-
ic characteristics of the Middle Jurassic Yan’ an age in north-
ern Shaanxi province[ J]. Journal of Palaeogegraphy,2012,14(4) .
451-460.

Wi, 2= . b A M. 65T U R, 1979.
Ttk B R M2 AU A R EREE[T]. RAX
HBRAL 1993 (1) :40-47.

WANG Shigian. Reevalution of oil generation potential of terrestrial
organic in coal bearing[ J]. Natural Gas Geoscience, 1993 (1) :
40-47.

SPEIGHTJ G. The chemistry and technology of coal[ M ]. Boca Ra-
ton; CRC Press,2012.

FOER. ZEF GPU MBI AL 4 KR 43 F ) 71 %% ( ReaxFF MD)
BAU [ D] demt: o [ B2 B o 50 2k Be (G R LR E R
i) ,2015.

ZHENG Mo. Coal pyrolysis simulation by GPU-based reactive force
field molecular dynamic ( ReaxkF MD ) [ D ]. Beijing: Chinese
Academy of Sciences, Institute of Process Engineering,2015.
OZTASN A,YURUM Y. Pyrolysis of Turkish Zonguldak bitumin-
ous coal. Part 1. Effect of mineral matter [ J]. Fuel, 2000, 79.
1221-1227.

ROETS Leon,STRYDOM Christien A,BUNT John R et al. The eff-
ect of acid washing on the pyrolysis products derived from avitrinite-
rich bituminous coal[ J]. Journal of Analytical and Applied Pyroly-
sis,2015,116;142—151.

R A, B T . <RI e ATk MO R R
Beorrrr iR LT ], TORR%4R, 2000, 18(3) :460-464.

HAO Jisheng, GE Baoxun, XIE Hongbo. The analysis method based
on ash-composition and its application in coal-accumulating envi-
ronment reconstruction [ J ]. Acta Sedimentologica Sinica, 2000,
18(3) :460—-464.

QUYND M, WU H, LI C Z. Volatilisation and catalytic effects of al-
kali and alkaline earth metallic species during the pyrolysis
and gasification of Victorian brown coal. PART I. Volatilisation of
Na and Cl from a set of NaCl-loaded samples[J]. Fuel, 2002,
81(2) :143-149.

ZOUX,YAO J,YANG X, et al. Catalytic effects of metal chlorides

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

on the pyrolysis of lignite [ J]. Energy & Fuels, 2007,2(2):
619-624.

LIC Z,SATHE C,KERSHAW ] R, et al. Fates and roles of alkali
and alkaline earth metals during the pyrolysis of a Victorian
brown coal[ J]. Fuel ,2000,79(3-4) ;427-438.

LIU Q,HU H,ZHOU Q,et al. Effect of inorganic matter on reac-
tivity and kinetics of coal pyrolysis [ J]. Fuel, 2004, 83 (6) :
713-718.

RHIFT , Sl e b, TRz, 4. B 5 TR A N S A 03 A
MRS (1], MaAe4k,2012,35(1) :1-27.

GENG Lili,ZHOU Qixiong, MA Fengyun,et al. Study on the distri-
butions of the products of Nantaizi coal during catalytic hydropyrol-
ysis[ J]. Coal Conversion,2012,35(1) :1-27.

SRHH. BRRE G R Y R LK AERI[D].
PRI PR, 2011,

WU Yanyan. Catalysis of minerals and elements during coal
bed methane generation[ D ]. Xuzhou; China Unversity of Mining
and Technology,2011.

X4, S EDG. BEASE ML SR b T R A,
2015:33-45.

XIN H,WANG D, QI X, et al. Structural characteristics of coal fun-
ctional groups using quantum chemistry for quantification of
infrared spectra [ J ]. Fuel Processing Technology, 2014, 118;
287-295.

LI W,ZHU Y. Structural characteristics of coal vitrinite during py-
rolysis[ J]. Energy & fuels,2014,28(6) :3645-3654.

DUTTAS, HARTKOPF-FRODER C, WITTE K, et al. Molecular ch-
aracterization of fossil palynomorphs by transmission micro-FTIR
spectroscopy : Implications for hydrocarbon source evaluation[ J].
International Journal of Coal Geology,2013,115:13-23.
SOLOMONP R,HAMBLEN D G,CARANGELO R M, et al. Gener-
al model of coal devolatilization[ J]. Energy & Fuels,1988,2(4) .
405-422.

LIU P,WANG L,ZHOU Y et al. Effect of hydrothermal treatment
on the structure and pyrolysis product distribution of Xiaolongtan
lignite[ J]. Fuel ,2016,164:110-118.

LIU P,ZHANG D,WANG L, et al. The structure and pyrolysis pro-
duct distribution of lignite from different sedimentary environment
[J]. Applied Energy,2016,163:254-262.

MIURA K, MAE K, ASAOKA S, et al. A new coal flash pyroly-
sis method utilizing effective radical transfer from solvent to coal
[J]. Energy & Fuels,1991,5(2) :340-346.

HAYASHI J, KAWAKAMI T,KUSAKABE K, et al. Physical and
chemical modification of low-rank coals with alkyl chains and the
roles of incorporated groups in pyrolysis [ J]. Energy & Fuels,
1993,7(6) :1118-1122.

LI X,XUE Y,FENG ], et al. Co-pyrolysis of lignite and Shendong
coal direct liquefaction residue[ J]. Fuel,2015,144.342-348.



