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Preparation of coal-based graphite nanoplatelets based on mechanochemistry and
the characterization of their electrochemical energy storage performance
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Abstract : The clean and efficient conversion of coal is an important part of the national energy development strategy of
‘ carbon emission peak and carbon neutrality” ,and the materialization of coal is an effective way to realize its low car-
bon, high value and clean utilization. In this paper, the coal-based graphite nanoplatelets ( CGNs) were prepared
from the pre-synthesized coal-based graphite with the help of mechanochemistry generated by high-energy mechanical
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ball-milling. The effect of ball-milling time on the microstructure of CGNs was investigated , and the electrochemical en-
ergy storage properties of CGNs as anode in lithium-ion batteries ( LIBs) were studied to explore the feasibility of
using mechanochemical action to prepare CGNs anode materials. The results show that the CGNs with rich defective
structures such as nanopores and oxygen-containing functional groups can be exfoliated from coal-based graphite
by mechanochemical action,and the microstructure of graphite nanoplatelets can be effectively regulated by controlling
ball-milling time. When the ball-milling time is 50 h,the CGNs exhibits a three-dimensional network structure formed
by stacking and cross-linking of graphite microcrystal layers,and contains abundant nanopores with a pore size distri-
bution of 1.5-20.0 nm and a small amount of oxygen-containing functional groups,and its layer spacing and specific
surface area are 0.345 5 nm and 573 m’/g, respectively.The CGNs as anode in LIBs show some good electrochemical
energy storage properties.The CGNs electrode delivers a high reversible capacity of 726 mAh/g, good rate performance
and cycling stability ,in which the CGNs electrode exhibits a reversible capacity of 252 mAh/g at a high current densi-
ty of 2.0 A/g and a capacity retention rate of 88.1% after 200 cycles. The lithium ion storage of the CGNs anode
is controlled by both diffusive intercalation capacitance and surface adsorption capacitance ,and the introduction of de-
fective structures such as nanopores and oxygen-containing functional groups is beneficial to improve the contribution
of surface adsorption capacitance to the energy storage capacity of the CGNs anode.This study provides some new ideas
for the development of high-performance graphite nanoplatelets anode , the materialization and high value-added utiliza-
tion of coal.
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Fig.1 XRD patterns and Raman spectra of coal-based
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Table 1 Microcrystalline structural parameters of coal-based graphite nanoplatelets
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Fig.2 Morphological images of coal-based graphite and coal-based graphite nanoplatelets
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Fig.3 N, adsorption/desorption isotherms and pore size

distribution curves of coal-based graphite nanoplatelets
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Table 2 Specific surface area and pore structure parameters of coal-based graphite nanoplatelets

#Elﬁl] SBET/ SMi('/ SMec/ VT()Iul/ V,\Iic/ V,V[es/
(m*-g™") (m* - g™) (m*-g™") (em® - g7!) (em® = g7") (em® = g7h)

CGNs-10 210 123.8 0.224 0.053 0.171
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Fig.6  Electrochemical energy storage properties for coal-based graphite nanoplatelets

(d) CGNs—50# 38 it BT

TET 1% 1 e A 25 Bl 7 245 00 A R i v L 2 T VA v
ZEM TR, LA, B A R 2 T R B
Z8%t CGNs Tl b A} it 1 25 o 119 B ik R 18 K, R
XF B R R AT YT E B v BT L K R I
TP YR, DT — 2B R R T ) ) B AR R
CGNs—50 A% A4 RHELAT B8 0045 S M e MR S0 o
PERY A

HRAEE 6(d) T, (R, Ry , R AW 435
Shy R A Ak H e f VR 5 R R 2 D 0 4 ke el L R
T g SEL B (67 A b Ak 2 1T ] 4 P A 5T 5 1D A )
FL BEL | L 7 5% 3% B BT AT Warburg BHET 5 Qg A1 Q50 51
ARG T SEL R 75 R H A VA 5 PR A A TET 1
Z%) SR AR A BB h 28 (J 2 W th 48, B Ak b
7RI, YA bR 23 ) 32 2 ek v X
e [ R AT X Aok 2 2 B, 40 500 % R H A o B B
PU(R,) 1 Warburg FLHL ' . 4 CGNs-50 i ik
w45 2R B B (6 (d) i A KD, T
ZsimpWin Bk AT 7] 3R AT 60 MR R (E . 4
E4E R W, CONs — 50 7t B k) Y | o7 5% 7% FHL
Hi(R,)H 0 WIEFHRE 196.1 Q W/NE 3 WIRH G
(14 93.8 Q, BLHHZE 3 WRAEERJ5 AR b1t P 350 1 8
PELAE T W R, O IS S TR AR R T LT A R
A/ 28 T A

3 &

(1) DL A LA 55 0 Uk, 18 Bh = BEATL AR Bk s
77 BRI D Al 2 R Ty DA R Ay 3 v 8 1
O YAORAFLBRRT B U R A A5 SR 5 0 1 B A B N
K F(CGNs) |, 38 52 2 il 35K 25 fsf (] AT S0 CGNs fwOUR
SERAR RO . HEREERT ] Dl 50 h B, CGNs B A
U2 A B A2 A EHES SR NTE BUAY — 4k
droE) 2 BE AR 0.345 5 om, HE & 1.5~
20.0 nm [ 44 K FLBRA/D 1 0 5 SR BRI, b T AR
A3k 573 m*/g,

(2) CGNs FHAERR 251t S i R R Hh R
IR AL 2F i BE AR MR, LW R R R o b
726 mAh/g, H A B4 1945 3R 1 FUE SR A e
TE2.0 A/g KM U B R WY AT 0 48 AT AT Gk
252 mAh/g, &0t 200 G IR KPR AT IA 88.1%

(3)CGNs Tl ARG Lit 77 th ¥ Ui 2 L 2
I T B PR S SR R 5 I AR ALBR & B e
VAT A5 R 57 25 ) A R T 4t 1 % T VO O L 25 o 67 A 6 )
BBEZ I BTk

5 % 3Lk ( References) :

(1] ®18AK. T ESCE 2030 AFATRkA I H bR B 8545 (1], dbad



52 4]

www.chinacaj.net

TR EARAE B AU A2 VR IR AT SR 90K 7 B il 2 K

Hor fber etk 967

[5]

(6]

[10]

[11]

[12]

[13]

Tolk K2 M (FE2BE M) ,2021,21(3) 1 1-15.

HU Angang. China’ s coal of achieving carbon peak by 2030 and
(1]
Technology (Social Science Edition) ,2021,21(3) :1-15.
1675 = % IR OB AL BRI B IRESE [J]. HEmess
% ,2013,38(S1) ;187-193.

its main approaches Journal of Beijing University of

CHUAN Xiuyun,BAO Ying. Application of coal as raw materials in

preparing new advanced carbon materials [ J]. Journal of China

Coal Society,2013,38(S1) :187-193.

@’F?ﬂ,ﬁ“&i RN, AF . MRS HE 1) A R - 7k
FI LT, BERREHAR 2021,49(1) :100-127.

XIE Qiang, ZHANG Xianglan, LIANG Dingcheng, et al. Direction

preparation of coal-based activated carbon principles , approaches and

applications [ J]. Coal Science and Technology,2020,48(6) ;1-28.

JERRN, R3S, kgl , 5. 2 B /N A AR IS s A o 4 5

TEEERAE [J]. B, 2020,45(2) :740-748.

TANG Yuegang, XU Jingjie, HUAN Xuan, et al. Preparation and

spectroscopic characterization of coal-based graphene from anthracite

in Xiaofalu, Yunnan, China [ J].

2020,45(2) :740-748.

HOANG V C,HASSAN M, GOMES V G. Coal derived carbon nano-

Journal of China Coal Society,

materials-Recent advances in synthesis and applications [ J]. Ap-
plied Materials Today,2018,12.:342-358.

LI Keke,LIU Guoyang,ZHENG Lisi et al. Coal-derived carbon nanoma-
terials for sustainable energy storage applications [ J]. New Car-

bon Materials,2021,36( 1) :133-154.

Elm K, A I, S RS R R S0 Y T A
B 85 0 18 PSRN ST 0 e [T, MR 24 4, 2020,
45(1) .443-454.

YAN Yunfei, GAO Wei, YANG Zhongqing, et al. Preparation

of coal-based graphene and application research advances of
graphene in the field of thermal conduction [ J]. Journal of China
Coal Society,2020,45(1) :443-454.

ZUBI G,DUFO-LOPEZ R,CARVALHO M, et al. The lithium-ion
battery : State of the art and future perspectives [ J]. Renewable Sus-
tainable Energy Reviews,2018,89:292-308.

WANG Fei, WANG Bo, LI Jingxuan, et al. Prelithiation; A crucial
strategy for boosting the practical application of next-generation lithi-
um ion battery [J]. ACS Nano,2021,15(2) :2197-2218.

XU Jiang, WANG Xi, YUAN Ningyi, et al. Graphite-based lithiumion

battery with ultrafast charging and discharging and excellent

low temperature performance [ J]. Journal of Power Sources, 2019,

430.74-179.

YANG Chen,ZHANG Xiuying, LI Jingzhen, et al. Holey graphite:

A promising anode material with ultrahigh storage for lithium-ion

battery [ J]. Electrochimica Acta,2020,346.136244.

BP0, J S ARTOE, A%, RPN £7 sl et M A R 1

WHRPERE [J]. B4R ,2012,37(11) :1925-1929.

SHI Yingying, ZANG Wenping, NAN Ding, et al. Preparation
of graphitized Taixi coal and its electrochemical properties [ J].
Journal of China Coal Society,2012,37(11) :1925-1929.
KUHNE M,PAOLUCCI F,POPOVIC J, et al. Ultrafast lithium dif-

fusion in bilayer graphene [ J]. Nature Nanotechnology, 2017,

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[25]

12(9) :895-900.

SUN Yige, TANG Jie,ZHANG Kun,et al. Comparison of reduction
products from graphite oxide and graphene oxide for anode applica-
tions in lithium-ion batteries and sodium-ion batteries [ J ].
Nanoscale,2017,9(7) :2585-2595.

PAN Dengyu, WANG Song,ZHAO Bing, et al. Li storage properties
of disordered graphene nanosheets [ J].
2009,21(14) :3136-3142.

W ooy MK, TRok, 55 JREBERR K 72 WL AR 1) 225 1y 42 B
RAL2APERE (], BB 2021 ,46(4) :1182-1193.

ZENG Huihui, XING Baolin, XU Bing, et al. Microstructural regu-

Chemistry of Materials,

lation of coal-based carbon nanosheets and their electrochemical
performance [ J]. Journal of China Coal Society, 2021,46(4) .
1182-1193.

2R R, XURGN. [5 1% B A7 4 B IR ALK ) Al 2 3 18 42
WA BB E HEJ (1], PRBE TR 22 4R, 2021, 15 (4):
1131-1139.

LI Jinhui, LIU Kang, LIU Lili. Research advances in mechano-
chemistry on clean extraction of valuable resources from solid
wastes[ J ]. Chinese Journal of Environmental Engineering, 2021,
15(4) :1131-1139.

KUMAR M, XIONG Xinni, WAN Zhonghao, et al. Ball milling as
a mechanochemical technology for fabrication of mnovel bio-

char nanomaterials [ J ]. Bioresource 2020,

312.123613.
DONG Yue, LIN Xieji, WANG Dengke, et al. Modulating the def-

Technology,

ects of graphene blocks by ball-milling for ultrahigh gravimetric and
volumetric performance and fast sodium storage [ J]. Energy Stor-
age Materials,2020,30.287-295.

SRBE, SR ICE. WU Al i 1 4 85 85 52 5 R T IR EE B
[J]. 074 51 ,2021,41(1) :9-14.

GUO Lin, ZHANG Qiwu. Calcium-aluminum composite material
prepared by mechanochemical method for deep defluorination [ J].
Conservation and Utilization of Mineral Resources,2021,41(1):
9-14.

LIN Cheng, YANG Lingli, OUYANG Liuzhang,et al. A new method
for few-layer graphene preparation via plasma-assisted ball milling
[J]. Journal of Alloys Compounds,2017,728:578-584.
MAHMOUD A E,STOLLE A,STELTER M. Sustainable synthesis
of high-surface-area graphite oxide via dry ball milling [ J].
ACS Sustainable Chemistry Engineering,2018,6(5) :6358-6369.
CAICEDO F M C,LOPEZ E V, AGARWAL A, et al. Synthesis
of graphene oxide from graphite by ball milling [ J]. Diamond Re-
lated Materials, 2020, 109 :108064.

XING Baolin, ZENG Huihui, HUANG Guangxu, et al. Porous gra-
phene prepared from anthracite as high performance anode materials
for lithium-ion battery applications [ J].
pounds,2019,779.:202-211.

TSR, sfAl i B, 45, WPEREIR AT B SO b0 il 45
PHAERER T ST [J]. P E S R 2240, 2019,48(5)
1133-1142.

XING Baolin,ZHANG Chuantao, CHEN Lunjian, et al. Preparation

Journal of Alloys Com-

of high performance coal-based graphite anode materials and their



968

%X

www.chinacaj.net

1’ 2022 4EH5 47 4

[26]

[27]

(28]

[29]

[30]

[32]

lithium storage properties [ J ]. Journal of China University
of Mining & Technology,2019,48(5) :1133-1142.

FAN Qinghua, NOH H J, WEI Zengxi, et al. Edge-thionic acid-
functionalized graphene nanoplatelets as anode materials for high-
rate lithium ion batteries [ J]. Nano Energy,2019,62.:419-425.
DONG Yue,ZHANG Su,DU Xian,et al. Boosting the electrical double-
layer capacitance of graphene by self-doped defects through
ball-milling [ J ]. Advanced Functional Materials, 2019, 29
(24):1901127.

BOMMIER C,SURTA T W, DOLGOS M, et al. New mechanistic
insights on Na-ion storage in nongraphitizable carbon [ J].
Nano Letters,2015,15(9) :5888-5892.

ZHANG Shuai, LIU Qinfu, ZHANG Hao, et al. Structural order
evaluation and structural evolution of coal derived natural graph-
ite during graphitization [ J]. Carbon,2020,157;714-723.

XING Baolin, ZHANG Chuantao, CAO Yijun, et al. Preparation of
synthetic graphite from bituminous coal as anode materials for high
performance lithium-ion  batteries [ J ]. Fuel Processing
Technology,2018,172:162-171.

ABBAS Q,MIRZAEIAN M,0GWU A A, et al. Effect of physical
activation/surface functional groups on wettability and electrochem-
ical performance of carbon/activated carbon aerogels based elec-
trode materials for electrochemical capacitors [ J]. International
Journal of Hydrogen Energy,2020,45(25) :13586-13595.
ZENG Huihui, XING Baolin,ZHANG Chuantao, et al. In situ syn-
thesis of MnO,/porous graphitic carbon composites as high-capacity
anode materials for lithium—ion batteries [ J]. Energy Fuels,2020,
34(2) :2480-2491.

TSR, SO, 20T, 4. BRI SOORT
HiR Y SR PE R BT [T, b4, 2020,34(15) -
15063-15068.
XING Baolin,BAO Ti’ ao, LI Xusheng,et al. Research progress on
structure regulation and surface modification of graphite anode ma-

terials for lithium ion batteries [ J]. Materials Reports, 2020,
34(15) :15063-15068.

[34]

[35]

[37]

[38]

[39]

[40]

[42]

SUO Liyao,ZHU Jiahao,SHEN Xueyang,et al. Hard carbon spheres
interconnected by carbon nanotubes as high-performance anodes for
sodium-ion batteries [ J]. Carbon,2019,151;1-9.

MIAO Xuan, SUN Dongfei, ZHOU Xiaozhong, et al. Designed for-
mation of nitrogen and sulfur dual-doped hierarchically porous car-
bon for long-life lithium and sodium ion batteries [ J]. Chemical
Engineering Journal ,2019,364:208-216.

ZHENG Chunming, HU Xudong, SUN Xiaohong, et al. Large-scale
synthesis of nitrogen-rich hierarchically porous carbon as anode for
lithium-ion batteries with high capacity and rate capability [ J].
Electrochimica Acta,2019,306:339-349.

KIM J,NITHYA Jeghan S M N,LEE G. Superior fast-charging ca-
pability of graphite anode via facile surface treatment for lithium-ion
batteries [ J ].
305:110325.
ZHANG Dawei, WANG Guang, XU Li, et al. Defect-rich N-doped

Microporous and Mesoporous Materials, 2020,

porous carbon derived from soybean for high rate lithium-ion batter-
ies [J]. Applied Surface Science,2018,451,:298-305.

WANG Ke, XU Yaobin, WU Han, et al. A hybrid lithium stor-
age mechanism of hard carbon enhances its performance as anodes
for lithium-ion batteries [ J]. Carbon,2021,178:443-450.

GAO Sen, JIANG Qiuyi, SHI Yu, et al. High-performance lithium
battery driven by hybrid lithium storage mechanism in 3D architec-
tured carbonized eggshell membrane anode [ J]. Carbon, 2020,
166:26-35.

SR GG AR AT AR, AF. SR SR/ Fe, 05 H SZHEHLAITY
il f AR PERE [J]. BEPE,2021,46(4) - 1173-1181.
ZHANG Yating, LI Keke, REN Shaozhao, et al. Coal-based gra-
phene/Fe, 05 nanostructures grow on nickel foams as an enhanced
free-standing anode for lithium-ion batteries [ J]. Journal of China
Coal Society,2021,46(4) :1173-1181.

SHAN Hui, XIONG Dongbin, LI Xifei, et al. Tailored lithium storage
performance of graphene aerogel anodes with controlled surface de-
fects for lithium-ion batteries [ J]. Applied Surface Science,2016,
364.:651-659.





