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Preparation and Electrochemical Properties of Ordered Needle Coke with Gra-
phene as an Inoculating Seed
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Abstract: Anisotropic mesophase pitch of the highest content were produced by using graphene (GE) as structural di-
recting agent, and refined coal tar pitch as the raw material, and which was applied to prepare semi-coke and needle coke
thereafter with the utilization of temperature controlling program. The textures of mesophase pitch and semi-coke were
investigated by polarizing microscope, and the structure and morphology of needle coke were analyzed by X-ray diffrac-
tion analyzer and scanning electronic microscope, respectively. Its electrochemical properties were observed by electro-
chemical workstation and the microcrystallite structure was analyzed by cyclic voltammetry. The results showed that ad-
dition of graphene obviously accelerated the formation of meso-sphere and enhanced structural orientation of needle coke
and the electric transporting capability. Especially, nearly the same size and the largest number of meso-sphere in the pitch
were obtained when the mass percentage of graphene in feedstock reached 0.2wt%; and lots of fibrous texture in
semi-coke can be observed. At the same conditions, the existence of graphene made the degree of graphitization of needle
coke increase by 200% and the charge transfer resistance decrease by 65.3%, as comparing with that without graphene.
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Table 1 Elemental analyses of coal tar pitch (CTP) and
refined coal tar pitch (FCTP)

Elemental analyses/wt%

PRI T (CTP)E KA A 1. piffsmm  Samele H o N s Ao
R IR, MERKE R oAl A ARG B b CTP  93.00 453 073 094 083 0.58 5.12
S PRSI AT, K EES LR 2. FCTP 73.61 563 1983 0.80 0.13 1.12 0.0l

#*2 AERBEEMR
Table 2 Main characteristics of graphene
Thickness/nm Diameter/nm Layers Density/(g-m ) Specific area/ (m*g ") C/ wt% 0/ wt%
0.34-3.4 30-50 <10 0.07 178 97 3




%59 1

NS, A AT SR R IL A AT PRI S AL AR PRI ST 981

S00F

[ N v Y
(=N~ ]
(=R = =1

Temperature / °C.

=
=

0 50 100 150 200 250 300
Time / min

Bl 1l o TR A I s o e L B 2 1

Fig. 1 Parameters of controlling temperature used in the

mesophase preparation process
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Fig. 2 Polarized micrographs of the mesophase produced from FCTP-GE
(a) Without GE; (b) 0.1wt% GE; (c) 0.15wt% GE; (d) 0.2wt% GE; (e) 0.3wt% GE
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Fig. 3 Polarized micrographs of the semi—coke with different contents of graphene
(a) Without GE; (b) 0.1wt% GE; (c) 0.15wt%zw GE; (d) 0.2wt% GE; (¢) 0.3wt% GE
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Fig. 4 XRD patterns of the needle cokes with different con-
tents of graphene

(a) Without GE; (b) 0.1wt% GE; (¢) 0.15wt% GE; (d) 0.2wt% GE;
(e) 0.3wt% GE
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Table 3 Structural parameters of needle cokes

Graphene/wt%  260/(°) dyp/nm Bmnm L/nm G/ %
0 25.606 3.476 0.518 0.287 /

0.10 26.109 3.4102 0.513 0.319 34.65

0.15 26.195  3.399 0.487 0.345 47.67

0.20 27.269 3.2676 0.287 1.073 200.46

0.30 26.943 3.3065 0.477 0.491 155.23
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Fig. 5 SEM images of the needle coke obtained from FCTP with different contents of graphene
(a) Without GE; (b) 0.1wt% GE; (c) 0.15wt% GE; (d) 0.2wt% GE; (e) 0.3wt% GE
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Fig. 6 Cyclic voltammograms of the needle coke with differ-
ent contents of graphene

(a) Without GE; (b) 0.1wt% GE; (¢) 0.15wt% GE; (d) 0.2wt% GE;
(e) 0.3wt% GE
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Fig. 7 EIS of the needle coke with different contents of gra-
phene

(a) Without GE; (b) 0.1wt% GE; (c) 0.15wt% GE; (d) 0.2wt% GE;
(e) 0.3wt% GE
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