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(1. RS BEJR I A ATTE S B, JLat 100039 2. PUZRIFCR Y BT SIE ¥, Y% 710054 ; 3. VL0 M B BEHHAIT e B , 1195 1M
221006 )

 E.HEipae A, BLELAR R0 AmAusr kAR REEE A, BEE A AR AR
ACRRERT 5, SR A AR AR R E I A o HINIR A A TR &L, AR HFRRE TiLim
OEHERS  MRERDTEEILEE A, BEEE T S h B8R T -F LA 0.94 8K 5 &
3K 49. 2% | HIERACH E L S (B A+ 5 ) A5 5K 97.7% % A, BEE K> F35.2%,
Fe 5 ARAK, LA 4 F 3t B SR R B R 6 Si0, e AL O, Fi8 43K, sHRALA TEACAE R 89
Fe,0, RN HIEG, AR LM EIEE R =5 — K" (HABRTIL HEL S A HERA
5 RIS ) B9 HFAE A ALBRACT R T AR Foth, 2SR R KBRS R -F A A 0.42% , 4
FE AR AR B ARBT R R A R m A, AT R 69Tk F BN\ 7B 4R
BT 4L 64 3R 2B IR A G A5 IR ARAE T R R AR T A0 64 i AAKAE R A A A B IR ACAE ) M B R
B )2 TRt 3 R B ARAF 09 L R ARG Rk AR L BB PT B A FRIE T RR KSR E R
¥ ARAFEIEACAE B o HAT R B B BB TR B FRAOM RIF IRIE T BE B 58 i it 42
%3 R B TURMG G Bk e Frm, LR B &, MR E L | R F e AR E Ay (SR
A+ ) TR/ & AR HARRAC R BT AR T B A S,

KR HARRAC AN 2w NG B 20 R AR AR 2 2 o B AL AR )

FES%ES . TQ529,;TQ531 X ERARARAD: A M EHS:0253-9993(2021)01-0251-12

Characteristics and origin of high quality direct liquefaction coal of A,
coal seam in Naomaohu coalfield , Xinjiang Province

NING Shuzheng' ,HUANG Shaoqing' , DU Fangpeng” ,ZHANG Li' ,ZHANG Jianqiang' ,ZHU Shifei’

(1. General Prospecting Institute of China National Coal Geology Administration ,Beijing 100039 , China; 2. College of Geology and Environment ,Xi’ an Uni-
versity of Science and Technology,Xi’ an 710054 ,China; 3. Jiangsu Design Institute of Geology for Mineral Resources,Xuzhou 221006 ,China)

Abstract:The A, coal seam of the Naomaohu coalfield in Xinjiang has a characteristic of high-quality for direct lique-
faction by previous experiments. This research took the A, coal seam of the Naomaohu coalfield as the object to carry
out the study on coal for direct liquefaction, which is important for the quality characteristics and genetic understanding

of the high-quality direct liquefaction coal. The research samples were collected at the Baishihu open-pit mine in the
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Naomaohu coalfield. The test results show that the average ratio of H/C in the A, coal seam is 0.94 ,and the average
volatile production rate is 49.2% . The active components of directly liquefied ( vitrinite+chitin) content are as high as
97.7% ,while the average ash content of A, coal seam is 5.2% ,which is extremely low,and the ash content has a low
contents of Si0, and Al,O,,which harm direct hydro liquefaction. The Fe,0, content has a higher value,which has a
catalytic effect on liquefaction. Therefore ,the characteristics of three high and one low coal quality (high H/C ratio,
high volatile and high active components,and low ash content) of the Naomaohu coalfield have brought favorable con-
ditions for the direct liquefaction process. The average maximum reflectance of the vitrinite group is 0.42% in the
Naomaohu coal sample,which stays in the best coalification stage of direct liquefaction. The results of coal facies stud-
ies indicate that the early Jurassic Badaowan Formation deposits formed by the A, coal seam in the Naomaohu coalfield
are in a calcium-rich peat swamp environment,which ensures the early humification and biochemical gelation of peat
accumulation. The stratigraphic sequence belongs to the water inlet sequence, which can be quickly covered by the
overlying sediments after the peat is accumulated , ensuring that the peat stays in an oxygen-deficient and reducing en-
vironment so that the gelation is fully carried out. Meanwhile , the overlying and underlying strata have good water re-
sistance , which ensures that the evolution process of maceral specification is not easily affected by the oxygen-rich wa-
ter from the roof and floor. The above factors form the ultra-high direct liquefaction active component ( vitrine of the
Naomaohu coalfield) . The important factors of the group ( vitrinite and exinite group) provide favorable conditions to
the formation of high-quality coal for direct liquefaction.

Key words : direct liquefiable coal ; Naomaohu coalfield ; Badaowan Formation ;liquefaction performance ;coal petrogra-

phy ; gelatinization
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Fig. 2 Stratigraphic histogram and vertical distribution map of coal seam A, in Naomaohu coalfield (after Reference[ 14])
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Xof b A SR ARE S AT TR Tk 8T RSy
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TR AT A A P L 5 1 S SR I R T 7 R R R K
B 5t i, Tl 43 #r AR B El AR GB/T 30732—
2014, &Fi MK BE AR GB/T 215—2003 , 1A #¢
KRR 43 28 200 H DAJF R ITE /0 X A i,
SR WA IRAK R E AR GB/T 1574—2007 , K51 7 4
ST E R AL (815 C) gk F R TR A
TR o o8, i oo AT B O A 4
BFREE 4 HT (ICP -MS) |, 3R A #% %15 4 ICAP -
Qc, C,H,N s f#i i CTCHS00 ik S AL A 95
G, O i /B TR . B4 5 % R
WEE Leica—-BMRXP 58 5, 4328 M fiv 44 MK GB/T
15589—2013. X, X 5 L 7 I 43 By AL 4% AL 5 Ry AX-
10X MAX, & AHHuFE s 5° ~50°,

3 WiKSHER

3.1 ERMRER

A, BEEERET Tk o3 B 28 o JE SR
ST MIC R s L& 1, 17 NIEREE R
R(V,,) N 46.8% ~52.7% JER SN FE TR
K, 49.2% ; [a] i, 8 2350 38 5 o 4K I 539 3y
0.42% M 45 ASTM [E BRI 7 dn e, A, 12 R =44
RO, BRERIK TR (A) N 4.2% ~7.4% ,
¥ 5.2% , BRIEEFR GB/T15224. 1—2010 K] 43 45
e, ¥ A R A OB IS A o B T B o 4R 65.3% ~
73.4% , 4 MH A 70.5% , R 4.7% ~
6.0% ,“F-¥#10 5.5% , E i 5340 19. 4% ~28.7% ,
YA 22.8% , F k)R T LLTE 0.86 ~ 1. 01, 34{H A
0. 94 , %k T HLAE 0. 20 ~ 0. 33, ¥J{E M 0. 24,

F1 EEHERA BEERERSITERSI

Table 1 Basic analysis results of coal quality of A, coal seam in Naomaohu coalfield %
Tl sr#r JLR ST
K5

Mud A(l Vdul Si. d Sp. d Ss. d Sn, d Ollaf C(luf Hduf Nduf

N-1 8. 69 4.23 47.74 0.20 0.02 0. 01 0.16 27.34 66. 58 4.79 1.09
N-2 8.09 4.36 48. 62 0.20 0.03 0 0.16 28. 66 65.26 4.73 1. 15
N-3 8. 68 4. 80 48. 44 0.28 0.11 0.01 0.16 21.29 71.95 5.34 1.13
N-4 9.12 4. 86 50. 05 0.26 0.02 0 0.24 20.77 72.26 5.64 1.04
N-5 7.96 4.83 47.11 0.22 0.02 0.01 0.18 21.62 71.58 5.55 1.02
N-6 8.37 5.65 46.79 0.24 0.07 0.02 0.15 23.35 69. 60 5.69 1. 10
N-7 7.30 4. 89 51.13 0.15 0.03 0 0.12 25.37 68. 00 5.50 0. 96
N-8 9.70 6.17 50. 11 0. 40 0.20 0.02 0.18 19.39 73.36 5.83 0.99
N-10 7.50 5.15 52.70 0.30 0.12 0.02 0.16 21. 64 71.16 6. 04 0.83
N-11 8.30 6.31 51.75 0.61 0. 40 0.01 0.20 20. 81 71. 87 5.82 0.85
N-12 7.44 5.19 47.07 0.17 0.02 0.01 0.14 23.07 70. 35 5.47 0.92
N-13 7.76 5.42 48.01 0.17 0.02 0.01 0.14 21.94 71.24 5.69 0.95
N-14 8.22 4.95 51.23 0.24 0.07 0.01 0.16 24.03 69. 28 5.61 0. 84
N-15 7.21 4.83 48.43 0.15 0 0 0.15 21.76 71.61 5.55 0.92
N-16 7.10 5.41 46.77 0.15 0 0 0.15 21.82 71.83 5.31 0. 88
N-17 7.46 4.95 51.52 0.24 0.05 0. 01 0.17 21.46 71.69 5.70 0.90
N-18 7.36 4.19 47.77 0.17 0.02 0.01 0.14 23.40 70. 30 5.23 0. 89
FE{E 8.02 5.07 49.13 0.24 0. 07 0.01 0.16 22.81 70. 47 5.50 0.97

LR (S, )N 0.15% ~0.61% ,F¥
0.25% ,17 MRS N R a5 94.4% 51 ik
B RE AR, 15 5. 6% . A, 28 TR 2 it A A
M2, FEEOAR - A = AN URUA &R R AR 2
T i, SRS, /o i B E A, B2 &
Ry FEIOR S SRR MG
3.2 KREAES

A, PR B Ah A R S e TR} 2 84 DA
SLIER T 2 BT IRER 2 IR 2 B ORI AT, 42

IR ST R AILE TR A , I 2 Ry e A
KOS RN 2

WA A e R EER 2, )2 17 NE2E
il OB SO 4 o A BR 77, 6% ~ 96.9% |, -3 h
89. 1% , 1% 0T 20 i i 7+ 30 °h 0.3% ~ 1.8% , V¥
0.75% ,5¢c B4 Ji & 40 80N 3.0% ~ 24.2% , V1
8.6% (F2), &2 MARI & sl B ILE
JoT 2 RN e e LA YRR, B B A v R T o AR
OB YK 79 1% S AR (3 (b))
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Wz, ai B iR (B 3 (a)) A BB AR BRIE(IEI3(e), (1), PRI ECN 5. 5% , Hawd
(K 3(c)) Bt o B AR 1 Al B 8 T AR (& 3(g), (h)) MIRH(E 3 (i) B
RE3(d)) B E, SOERORAR e 28 IR IE Bk,

x2 ABREIEZIHSENEMASRESH

Table 2 Maceral content of each layer in A, coal seam profile %
FE 45 N-1 N-2 N-3 N-4 N-5 N-6 N-7 N-8 N-10
,*ff’@%;%ﬁﬁs T 0.6 2.7 0.7 1.8 5.8 1.2 0 1.4 4.3
FEEEA C1 1.1 2.0 0.7 0.6 0 2.4 2.7 0.7 0.6
BERALV TR G C %Jﬁ’f% & 2 77.0  77.6  81.5  65.5 76.6  80.5 73.2 82.6 72.4
Mg A C3 10.9 8.8 1.4 9.7 6.6 10.1  10.3 6.3 9.2
BRI A 89.7 91.2 91.0 77.6 89.1 941 8.2 9.0 86.5
ﬁ)ﬁﬁi 0.6 0.7 0 0 0 0 0 0 0
2L Fifk sf 0 0 0 0 0.7 0.6 0 0 0
P4 T TR Mi 0 0 0 0 0 0 0 0 0
B 1 Bk 1D 0.6 0 0.7 1.2 0 0.6 0.3 0.7 1.8
8 AL 1.1 0.7 0.7 1.2 0.7 1.2 0.3 0.7 1.8
/NLFR Sp2 2.9 0.7 0.7 0 0.7 0.6 1.1 0.7 1.8
Jifk Cu 2.3 4.8 3.5 13.9 L5 0.6 9.2 4.2 8.0
L AR Re 1.1 1.4 0 3.0 0 0.6 1.1 1.4 0.6
Wit Bk Bt 1.1 0.7 0.7 1.8 0.7 0.6 0.5 0 0
W E5e{k ED 0.6 0.7 0 24 0 0.6 1.1 0 0
FERA B 8.00 820 490 21.20 2.90 3.00 13.00 6.30 10.40
it cm 1.1 0 3.5 0 7.3 1.8 0.5 0.7 1.2
- i sm 0 0 0 0 0 0 0 0 0
RIRERZE CaM 0 0 0 0 0 0 0 1.4 0
RPN 1.1 0 3.5 0 7.3 1.8 0.5 2.1 1.2
AIE R N-11 N-12  N-13 N-14 N-15 N-16 N-17 N-18 “F¥{E
SR EER T 1.8 0 2.6 2 1.1 0 0.7 3.4 1.8
BBk C1 0.6 0.5 2.6 0 1.4 1.2 0 0 1.0
BEALV TR BT C BB A C2 77.2  86.9  79.9 79.3 71.5  85.1 83.6 824 79.1
g A C3 5.4 9.4 4.5 56 8.4 6.7 2.9 54 7.1
BT 2H BN 85 96.9 89.5 86.9  88.5 93 87.2 9.1  89.1
EZA5INN 0.6 0 0 0 0 0 0 0 0.1
28 TR Sf 0.6 0 0 0 0 0 0 0 0.1
P4 T fCRLR Mi 0 0 0 1 0 0 0 0 0.1
s TE Bk 1D 0 0.5 0.3 0 0.3 0.4 0.4 0.2 0.5
5 2 B 1.2 0.5 0.3 1 0.3 0.4 0.4 0.2 0.75
/NFR Sp2 1.8 0.5 0.6 1.5 0 0.6 0.7 1.3 1
Fifk Cu 7.2 1 6.4 7.6 7.9 3.6 8.0 4.7 5.5
AL PR Re 0.6 0 1.3 0 22 0 2.2 1.3 1
Wit Bk Bt 0.6 0 0.6 0 0.6 0 0.7 0 0.5
W E5e ik ED 1.8 0 0.6 0.5 0 0 0 1.3 0.6
FEALEA 1200 1.60 9.60 9.60 10.70 4.20 11.70  8.70 8.59
itk cm 1.2 0.5 0 1.5 0.6 1.8 0.7 0 1.3
—_— ALPIZE SM 0.6 0 0 0 0 0 0 0 0
BRIRERSS CaM 0 0.5 0.6 1 0 0.6 0 0 0.2
R/ RsYl] 1.8 1 0.6 2.5 0.6 2.4 0.7 0 1.6
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Fig.4 XRD spectra and mineral content pie chart of A, coal roof and gangue in Naomaohu coalfiled
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Table 3 Mass fraction of coal ash composition of Naomaohu coalfield %
TR I3 i 435
[ZAE i

K,0 Na, 0 Si0, AL O, Fe, 0, Ca0 MgO S0, Ti0, MnO,
N-01 0.18 4.00 7.98 13.50 12. 09 42. 86 1.35 15.30 0.28 0.09
N-04 0.18 3.92 11. 69 11.12 11.56 41.75 1.51 15. 82 0.43 0.13
N-07 0.22 2.14 13.87 16.07 8.99 45.70 1.62 8.25 0.38 0.10
N-09 0.14 0.12 5.03 2.51 25.12 64.29 1.36 0.32 0.25 0.76
N-10 0.19 3.48 9.16 8.08 15. 60 44. 14 1.96 14. 44 0.54 0.24
N-12 0.20 3.18 12. 11 9.07 15.96 44.38 3.35 8.52 0.46 0.28
N-15 0.16 3.76 14. 55 13.09 12. 60 42. 80 2.1 7.50 0.33 0.23
N-17 0.24 4.48 10. 12 8.62 12.22 48. 50 2.87 9. 44 0.42 0.18

Y L AU TE B IR AR 6 8 T AN RE AT

AH KM 7R, Fe, 05, MnO il CaO Jii 2 43
5 K5y 77 A B WL TE AH OGO &R A ¢ & L )
90.72,0.71 F10. 49,10 ALO,,Si0, 55 K53 7= &
FIh AR O, X W I A ) T FR Ll bl XA R
BT FRAE R RE A B S ) o vh il A RN R R
Yo i o B 2 5% 5 93 4 Na, O Fl K, 0 i it 43

B KAy 7 B AR O AN AL 4y 5 K 43 7 A K
PERCSS . 25 A ALY T i 4 800 4 il o 6 2 B0 Al
KRRBREMUTHKF - RWHLKR, KELY
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