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Structure Characteristics of Different Metamorphic Grade Coal-Based Graphites
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Abstract: To reveal the change of C atom lattice arrangements in coal-based graphite, samples with different metamorphic
grades from several areas, such as Shaanxi Fengxian, Hunan Xinhua and Hunan Lutang, were characterized by X-ray diffrac-
tion (XRD), transmission electron microscopy (TEM) and Raman spectrum (Raman). The results show that the metamor-
phism degree of Fengxian graphite is in the stage of super anthracite, and that of Xinhua is semi-graphite. The graphitization
degree of samples from Lutang is the highest, and its structure is close to the three dimensions ordered ideal graphite, but a lit-
tle of disordered domain still exists in the structure of Lutang graphite. XRD shows that the distance between C atom layers
decreases with graphitization degree increasing, but the numbers of layers and the area of single layers increase. The G peak in
the Raman spectrum is gradually stronger and sharper while the D peak is weaker, and the intensity ratio and area ratio of D
peak and G peak are all reduced with the graphitization increasing, which demonstrates the increasing sp® planar area. The lat-
tice images of TEM show that the graphite-like pillars were formed at first in the graphitization, and then these pillars were
united laterally with each other to form the graphite lattice structure.
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2500PC 4= H gl M A X S G A S0 5 D 5 25
Cu #8; HLE .40 KV B : 100 mA; FH6 4 58 :0.02°;
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BE I RAEECH 50 48, X B AN RE i 1Y G B AL
BEHR 2 2] 10 AN UL HETTH7 2 6 A

2 LR 518

21 HmRIdaHH

F 1A THRBEFPR(GB/T 212-2008) [ )7 %
XoF JE A i R AT Mk A B A5 B 0 A S5 oK 4 R 48
P R 43 R0 A e ) B B R 1. DURUEL 5 1k 7
B & I 0 25 AR ol AR R O3 & BB M A e s
JoT A 32 W T v 3K AR PRI A A AT A A o R o, S
TV 22 AN [ AR i T 3 3 i 5 T R E 1 O A il
WAl 53 PR B R . JRUEL Ml DX S 56 B B 0T 1A I 5 R
TES5. TN AT Fi AL AR ol 6,090 ~8.23%. & JE
i A B A A B, AR 38 5T Y e T R A e
W EL SR B, WA B
2.2 XRD #f5

1 RASTRIRE i X5 Ze A 5 1195 D el
K R P BR A R I AT TS HE BB IR R FE 20 =25°4b 22
A WYt (AT SR 6 G2 A A A/ RE IR 002) A7 S U
2 (10 2 B ST A B ) A R R B A TR
FE BN 12 W 20 W WA O B8 AR iR, S R T A/
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Table 1 Chemical composition analysis of samples

FERAS MK Run (V) Muw(X) Aw(%) V(M) FCa(0)

FX-1 RE 5.70% 0.96 18.53 5.63 75.84
FX-2 RE 5.72% 0.96 18.22 5.53 75.29

XH-1 ik 6.09% 0.36 2.50 5.80 91.34
XH-2 Bk 8.23% 4.24 32.40 4.46 48.90
LT-1 a9k 0.63 29.77 3.95 65.65
LT-2 i 0.61 23.81 1.07 74.52
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Fig.1 XRD patterns of graphite samples
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Table 2 Structure parameters of different metamorphic

grade graphites

Y5 D (nm) g L.,(nm) L.(nm) NU2)
FX-1 0.352 9 —1.034 8.266 3.251 10.212
FX-2 0.352 8 —1.029 8.322 3.318 10.403
XH-1 0.341 6 0.274 8.599 3.890 12.386
XH-2 0.339 8 0.481 9.639 4.530 14.329
LT-1 0.3370 0.805 50.039 13.908 42.263

LT-2 0.336 3 0.893 87.977 31.279 94.002

PR o AT A BE A7 S5 04 2658 S 2 U W ATI A7 A IR 19 K 43 - 45
F4.C002) WETE AN X, I 0 e 26 38 43 A1 A AL 1 B 3
FEmLT-1 5 LT-2 WEIE I, X FRPE o, s H
KRR OO T =48 )7, A 420 T A0 55 0 AR
e AR S XRD B4, ol i+ 58 A0 85 4k BE S 05 P 10
RIZEEMBEC L. L, N . B0 35 A 80 kB
AR SRR B, R A g = (3.440—
d (o)) /(3.440—3.354) (HRAF 4K, 1983) i FEAR A4
B2 A BE 4 0.3354nm, dE /1 B R 2 E B K
0.344 0 nm. £ S AL I FEAR G5 FROTIE R L, LT
HERD i BE Lo BESR I AR 220 D = KA /Beost, K
Fi R IE AR F L L, D D oo, » HBRIE R F R
1.84; L B D ooy s HIBAR B K 0.89, 5 hy BT X ik
A B 0 1) 2l 5 S (A SIRE B0, 0 SRy XoF g 06 ) A B A £ HE
WEB N=L./d 0 + 135585 F % 2.
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B Ak H R o8 4 I B A B (A T O, X
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R EER M L WL N B 3G K BE HAE 5 /N 5 1 % L
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AENEAS RS, A BMSESEHNIEAR R E A S
R ) 388 DR 0 A L R A A A S AR Y R R
EH 2B (99O WICh Al B, #E A A
BB LU Ry 4 T S 80T A B AE
FH.Ross and Bustin(1995) F| H i #4 T X8 4 S B 4017
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IR AE , B2 8 B BSU Bk ak & 2 B /9B 6E
SE B L T X B . 3k A R A R i — 20 A Ak
(0 285 3%, FE A PR G5 4 L O AT 2 1) HE 3 194 4051 1 7
e XL T AT B IR b B C002) AT 5 L A3 B B Ok L 2%
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Fig.2 TEM images of different graphites
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Fig. 3 Raman spectrum of different metamorphic grade
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Table 3 Raman parameters of different metamorphic grade graphites

ErRs DI (ecm™") GUgE(em™1) D g E % (em 1) G L E 9 (em™ 1) Ipn/Ig Ap/Ag
FX-1 1346 1601 57.06 51.97 1.79 1.91
FX-2 1347 1595 52.51 45,51 1.89 2.17
XH-1 1331 1593 66.30 69.60 1.75 1.61
XH-2 1330 1581 42.22 40.82 1.45 1.44
LT-1 1328 1573 51.28 26.26 0.52 0.98
LT-2 1337 1580 60.18 26.04 0.51 1.14

DX 8k 76 3 X HL 7 A7 59 B/ L (002), (004) (100,
LoD AT 5t ¥R 5 B % I8 R B BE S b T3 4 4
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By BOAH Y.

EE A SRAE S R PR E REEN. A%
THORE PR 22 [) M B DF 2 02 Ak 2 S B 3 A L aX — 5
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7 5 93— J7 10 T8 BURAER A8 PR S 09 Jmy 3897 AH L 17
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T PR R AR A A ML ST 2 S 1 I E AR AR B D
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AR B D e (B AR R R 19935 835545 ,2012).
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& S, () 2450 cm ') \S, (25 2700 em 1)\ S,
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W52 248 S — S0 LAl A% RE T G D i TE B S 0B ) L
WS 1 0 T X T FR A A R4 14 1E A DG .

3 4Eip

(1) 388 3 % A [ Ml DX 7 SR S5 M T 5 3 e BRI
BERE AR T AN [ B8 £ 250 B B o B XUEL B



1668 HERBLY:  http://www.earth-science.net 43 B

A1 S AR B AR AL AT A T I AR A B B 1 T R AR
i A7 s AR E B o A T2 o SR B W e AR
A1 R AL R B A v 20 30 AR oS OO A AR o B

(2) Bl A5 A B AL R B R, XRD A 24 il £k
(002) 7T 5 Vg 328 0T WAL 400 728 7, 8t B 34 5 Bl JAE 1 )23 )
FEAS /N BBl D J2 T8 B2 s P B8O b D g
G W B L 5 50 BE B TR N B T S5 R
C— CHt 9 I 2 5, 45 44 vh A2 7E /Y sp” F T 38R 19
INRE DN

(3) 375 5 H1, b U550 A AR AR S5 A0 T AL (s Hh TG
R 1) 7 2 25 b il Ak ok AR L S5 4 fR Y ) AT R
I D5 e 2 A SR AR S R BT e
T A I, R o Al A A 22 ) 4 1) K 25 T A = 4
AP A5 E A58 SR B e A SR AR e
F 6 I A7 SR T AT SR A A /D o T 7 A L B BILAE A 5
SERATHIRA — i 22 0E.

i FASN I ERH T PR LRF (T E
REFBBEORNIHF . ZHEZIEH/ITRESL
L RKFRPRPEF LK F QTR FAHGH
Bh, A TR BALFRAN AL GG KT E
RETEFALAZ IR ERL. HHLLTTRS
), AL AR RB G HE

References

Bao,F.,Li,Z.M.,Zhang,M.Z.,et al.,2012. Application of La-
ser Raman Spectrum in Organic Maceral Studies. Petro-
leum Geology & Experiment, 34 (1);104 — 108 (in
Chinese with English abstract).

Cao,D. Y., Li, X. M., Zhang, S.R., 2006. Effect of Structural
Stress on Coalification: Stress Degradation Mechanism
and Stress Polycondensation Mechanism. Science in
China Earth Sciences,36(1) :59—68 (in Chinese).

Cao,D.Y.,Zhang, H.,Dong, Y.].,et al., 2017, Research Sta-
tus and Key Orientation of Coal-Based Graphite Mineral
Geology.Earth Science Frontiers,24(5):317—327 (in
Chinese with English abstract).

Cao,D.Y,Zhang,S.R.,Ren, D.Y.,2002. The Influence of Struc-
tural Deformation on Coal Ification: A Case Study of Car-
boniferous Coal Measures in the Northern Foothills of the
Dabie Orogenic Belt.Geological Review,48(3):313— 317
(in Chinese with English abstract).

Chen, W.R.,1983.Calculation Formula of Graphitization De-
gree.Carbon Techniques,(6):28—31,25 (in Chinese).

Chen, X. H., Zheng, Z., 1993. A Raman Spectral Study of
Coal-Based Graphite.Acta Mineralogica Sinica ,13(4) :
313—318 (in Chinese with English abstract).

Feng.Y.L.,Zheng.Z..Guo, Y.J.,2003.Researching on the Char-
acteristics of Microstructures of Carbonated Tree.Acta Sci-
entiarum Naturalium Universitatis Pekinensis, 39 (5):
727—731 (in Chinese with English abstract).

Hong,H.L.,Fang,Q.,.Wang,C.W.,.et al.,2017.Constraints
of Parent Magma on Altered Clay Minerls: A Case
Study on the Ashes near the Permian-Triassic Boundary
in Xinmin Section, Guizhou Province. Earth Science 42
(2):161—172 (in Chinese with English abstract).

Kocs S., Kaorazli, O., Kocgk, L, 2016. Geochemistry of
Kestelek Colemanite Deposit,Bursa, Turkey. Journal of
Earth Science, 28 (1): 63 — 77, https:// doi. org/10.
1007/s12583-015-0616-x

Li,B.B., Yang K., Yuan, M., et al.,2017.Effect of Pore Pres-
sure on Seepage Characteristics of Coal and Rock at
Different Temperatures. Earth Science s 42(8):1403 —
1412 (in Chinese with English abstract).

Liu.D.H.,Xiao,X.M., Tian., H.,et al.,2013.Sample Matura-
tion Calculated Using Raman Spectroscopic Parameters
for Solid Organics: Methodology and Geological Appli-
cations.Chinese Science Bulletin,58(13):1228 — 1241
(in Chinese).

Qin, Y., 1994. Micropetrology and Structural Evolution of
High-Rank Coals in P. R. China. China University of
Mining &. Technology Press, Xuzhou (in Chinese).

Qin, Y., 1999. The Study of Furthermore Discussion on the
Making-up of Macro-Molecular Basic Structural Units
in Coals.Earth Science Frontiers,6 (Suppl.1):29 — 34
(in Chinese with English abstract).

Qin, Y., Jiang, B., Song, D. Y., et al,. 1998, Characteristics and
Mechanism on the "C NMR Evolution of the Carbon
Structure in the High-Rank Coals. Jowrnal of China Coal
Society ,23(6) :76—80 (in Chinese with English abstract).

Ross, J. V., Bustin, R. M., 1990. The Role of Strain Energy in
Creep Graphitization of Anthracite. Nature ,» 343 (6253):
58—60.https://doi.org/10.1016/0166-5162(93)90029-A

Ross,J. V., Bustin.R.M.,1995.Natural Graphitization of Anthra-
cite: Experimental Considerations. Carbon , 5 (33): 679 —
691.https://doi.org/10.1016/0008-6223(94)00155-S

Sun,S. L., Wu, G. Q., Cao, D. Y., et al., 2014. Mineral Re-
sources in Coal Measures and Development Trend.Coal
Geology of China ,26(11):1—11(in Chinese with Eng-
lish abstract).

Wang. L., Zhang, P. Z.1997. XRD Study of Coal Structure.
Coal Conversion,20(1) ;50— 53 (in Chinese with Eng-
lish abstract).

Wu,J. X., Xu, H., Zhang, J., 2014. Raman Spectroscopy of
Graphene.Acta Chimica Sinica,72(3):301 — 318 (in



XUBRCHT A < AN [ A2 o 8 R A R 5 A R E 1669

Chinese with English abstract).

Zheng,Z.,1991.HRTEM Studies of Microstructures of Coal-

Based Graphite. Acta Mineralogica Sinica, 11 (3):
214—218 (in Chinese with English abstract).

Bt FR 325 % Sk

05, AL KL 5L 201 2806 B S OG5 5 A AL WA
S5 B N A SR g b 5T, 34 (1) 104 —108.

WAL B, 2N, B ST (7, 2006, K 3 B 7 6 AR R T B S
M N 3 T A AL 5 R T 4 SR b R A . b sk
Bl2#,36(1): 59—68.

AT IR TSR, L 2017 R AT SR H B BE S PR
5 5 5 )L MRS, 24(5) ¢ 317—327.

WA T L ST AT A L 2002 04 i AR T X 4 Ak 18 E R Y
S Bl X AR THAEREN
{51 8 3, 48(3) . 313—317.

PREF SR, 1983. X T A B EHHE AL R EZH A, (6):
28—31, 25.

BRE AR R, 1993 36 A B W SRS 2. 0 W4 .
(4): 313—318.

A ] HS L 55 4E 2 L 2003, Bk A AR A 1) 8 45 4 R AE BT 5. b
BUR AR CHRBL D ,39(5) : 727—731.

HESCZL, T W0, 2, 20175 3 B 6k A8 K 4B Y
LA DA S BT R P— T 52k B3I okl Jk 2 8 .
Bk Bl£,42(2): 161—172.

22U R M, AR, 2017 ORI E TR AL B R ) xS B
AR A R AL e BR B 2% ,42(8) ¢ 1403 — 1412,

XUAEDL, 1 BT I, 25, 2013, [ KA LR i 8 %% 2 50t
SRR R A R B Y T vk 5 M S N AL B 2% i, 58
(13): 1228—1241.

ZEH, 1994, v [ 2 I G 1 B A0 2 R A L 2 R T Ak AR
P e T A R 2 R A

ZR . 1999 RIS HE b K3 - B A S5 4 B T b 1 DF B 4R .

Hi2FERI 2,6 B8] 1) . 29—34.

TR LW RWEF S 1998 m SRR 4544 1 C NMR i 1k
R AR e 24, 23(6) : 76— 80.

INTEAR, RERLVER T S04 ERT R EA LB
B E AR R L2611 1—11.

T RN 1997 M0 XRD 454 40 B JE #5554k .20 (1) .

50—53.
SR R IRER 2014, 40 SO 7E A B IR SEH FRAE P Y
N AL FR L, 72(3) : 301 —318.

KA 199 1 JREHE 47 38 25 FY 1) 5 23 B L B AE 9. 07 ) 2 41 11
(3): 214—218.



