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Abstract- Natural graphite is characterized with higher capacity. However, its specific surface area (SSA) and poor rate cycle 
performance force it to be proceeded surface modification in order to be used as anode material of lithium-ion battery. This 
research is about the application of the first and second coating with natural graphite surface modification. By crushing, 
grinding and sieving, natural graphite became D50 about 17 µm in particle size, which is mixed with phenol resin in different 
ratio into graphite slurry. Then, it became powder for the first coating by the way of spray-drying. Moreover, the SSA of 
natural graphite increased after carbonization in high temperature. Finally, the second coating was performed with pitch. The 
results show that the SSA problem of natural graphite with double coated surface modification was greatly improved. It also 
lowered the irreversible capacity and enhanced the rate cycle performance of the battery. The better electrochemical 
performance was exhibited when one coating with 10 wt.% pitch and the double coating via the first coating with 8 wt.% 
phenol resin without carbonization treatment and the second coating with 10 wt.% pitch. 
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I. INTRODUCTION 
 
Lithium ion batteries are an irreplaceable form of 
power for consumer electronics due to their high 
energy density characteristic. The demand for batteries 
is unabated, particularly batteries with high 
electromotive force and energy density for use in 
products [1]. Thus, many scholars have researched 
methods to enhance the stable cycle life and capacity 
of lithium ion batteries [2-8]. Wu et al. [9] used carbon 
coating by heat-treatment at 1100°C with phenol resin 
(PR) to improve the coulombic efficiency of spherical 
natural graphite. This film inhibits the insertion of the 
lithium complex into the graphite interlayer, 
increasing charge/discharge efficiency. In addition, 
coating the surface of graphite with carbon reduces the 
formation of solid electrolyte interface (SEI) film, 
which effectively enhances battery capacity and cycle 
life. The first charge capacity approached 376 mAh/g 
when the amount of added PR was 45 wt.%, and the 
capacity and cycle performance were effectively 
maintained after the fifth charge/discharge test. 
However, the first irreversibility was 26.4%. 
Zhao et al. [10] coated graphite powder with 
resorcinol-formaldehyde (RF) resin treated in nitrogen 
at 800°C for 3 h. The resin was thermally decomposed 
into amorphous carbon to coat the natural graphite. 
Results showed that a stable state was maintained after 
70 charge/discharge cycle tests. Lee et al. [11] 
researched hard carbon as an anode material. In the 
carbon coating process, a planetary ball mill was used 
to mix hard carbon with 30 wt.% of coal tar pitch (soft 
carbon). The mixture was poured into an oxidized 
aluminum dish and heat-treated at 1000°C for 1 h. 
Argon was administered during heat-treatment to 
thermally decompose the soft carbon and achieve the 
carbon coating sample. Results showed that the 

modified carbon coating prepared by combining hard 
carbon and soft carbon significantly suppressed the 
first irreversible capacity and improved the coulombic 
efficiency, charge/discharge efficiency, and cycle 
performance. Although the first irreversible capacity 
was reduced, the percentage value was 16.21%. 
The present study used a spray-drying method to coat 
the surface of natural graphite with PR. Once coated, 
the graphite was divided into two sample groups. The 
first group underwent carbonization, and the other 
group remained uncarbonized. Different amounts of 
pitch were applied to the two groups as a secondary 
coating. The graphite was coated with PR to improve 
the larger specific surface area (SSA), enhancing 
adhesion and structural firmness. A secondary pitch 
coating was applied to improve the electrochemical 
performance of the lithium batteries. The method 
proposed in the present study produced graphite anode 
material with a relatively smaller SSA while reducing 
irreversible capacity and improving cycle life. 
 
II. EXPERIMENTAL 
 
A. Sample Preparation 
(1) Single coating: D50 natural graphite powder (17 

µm) was mixed with 8 wt.% PR to form a paste. A 
spray-drying method was employed to uniformly 
process the paste into powder (A-1). The powder 
was carbonized in a carbonizer (A-2). Nitrogen 
(N2) was introduced during the carbonization 
process as a protective atmosphere. The powder 
was heated to 1200°C at a rate of 2˚C/min. The 
holding time for tempering was 5 h. In addition, the 
natural graphite powder was divided into two 
groups and separately coated with 10 wt.% (A-3) 
and 15 wt.% (A-4) pitch. The groups were then 
re-carbonized (Table 1). 
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(2) Double coating: A spray-drying method was used 
to coat natural graphite powder with 8wt.% PR. 
The powder was then divided into two groups. One 
group underwent carbonization, whereas the other 
group remained uncarbonized. Then, each group 
was subdivided into two groups. One group was 
treated with a secondary coating of 10 wt.% pitch, 
whereas the other group was treated with a 
secondary coating of 15 wt.% pitch. All groups 
were re-carbonized (Table 2).  

 
B. Material Properties Analysis 
An X-ray diffractometer (XRD; PHILIPS PW1830) 
was used to measure the graphitization and layer 
spacing (d(002)) of the modified single- and 
double-coated natural graphite. A Cu Kα radiation 
source was used to scan the samples at a rate of 
10°/min, recording the values every 0.01°. A scanning 
electron microscope (SEM; JEOL JSM-6500F) was 
used to observe the surface appearance and particle 
size of the graphite. A Brunauer-Emmett-Teller (BET) 
SSA analyzer (GAPP F-Sorb X2400) was employed to 
measure the SSA of the graphite. A laser particle size 
analyzer (Bettersize BT-9300S) was employed to 
measure the particle size and distribution of the 
graphite. A battery tester (Arbin BT2000) was used to 
test the electrochemical performance of the graphite. 
 
C. Battery Assembly 
Coin-type half cells were employed to test the 
electrochemical properties of the anode materials. The 
coated natural graphite used in the present study was 
activated graphite (92 wt.%). Super-P and 
polyvinylidene difluoride (PVDF) were adopted as the 
conductive agent (3 wt.%) and adhesive (5 wt.%), 
respectively. The graphite was dissolved in n-methyl 
pyrrolidinone (NMP), mixed uniformly with a 
magnetic stirrer for 3 h to form a paste. The paste was 
then vacuumed, defoamed, then packed into a tape 
coater. The paste was coated with copper foil and 
vacuum-dried. The battery consisted of cathodes 
(lithium metal) and anodes separated using porous 
polypropylene thin film (insulating film). The 
electrolytes comprised 1M LiPF6/EC:EMC:DMC 
(1:1:1). The battery was assembled in a nitrogen-filled 
glove box. Charge/discharge tests were conducted in a 
25°C environment with a cut-off voltage of 1-3 V. 

 
Table 1  SSA of samples with a single coating of PR or pitch. 

 

Table 2  SSA of samples with a double coating of PR and pitch. 

 
 
III. RESULTS AND DISCUSSION 
 
D. Double Coated Natural Graphite 
Fig. 1 is a schematic diagram of the double-coated 
graphite. Natural graphite was first mixed with PR to 
form a paste. A spray-drying method was adopted to 
synthesize the resin-coated natural graphite into an 
anode material. The present study found that once the 
coated graphite was heated, the SSA of the carbonized 
natural graphite expanded. Therefore, another batch of 
PR-coated graphite was left uncarbonized. 
 
A secondary coat of pitch was applied to the graphite 
samples. Coating the surface of amorphous carbon 
with a polymer material can fill and level the 
micropores on the surface of the carbon, enabling the 
amorphous carbon and resin to completely cover the 
graphite material and producing composite graphite 
material with a relatively smoother surface. In addition, 
this process significantly reduced SSA. The present 
study found that the proposed graphite material 
achieved relatively more stable electrolyte responses 
and the battery demonstrated increased rate/cycle 
performance. Therefore, the proposed graphite 
material is a suitable anode material for lithium 
batteries. 
 
E. Scanning Electron Microscopy (SEM) 
Fig. 2 is an SEM diagram of the carbonized natural 
graphite powder coated with 8 wt.% of PR (A-2). The 
BET SSA analyzer results show that the SSA of the 
graphite was 9.88 m2/g. Many micropores and gaps 
were observed on the surface of the graphite powder. 
Fig. 3 is an SEM diagram of the natural graphite 
powder coated with 10 wt.% of pitch (A-3). The SSA 
of this graphite sample was 1.44 m2/g. Fig. 4 is an 
SEM diagram of the natural graphite powder coated 
with 8 wt.% of PR and then 10 wt.% of pitch (B-1). ).  
 
The BET SSA analyzer results show that the SSA of 
this graphite sample was 1.67 m2/g . Their results 
imply that the pitch coating effectively filled the 
micropores on the surface of the powder, creating a 
smooth powder surface. 
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Fig. 1   A schematic diagram of double coated graphite. 

 

 
Fig. 2   SEM diagram of natural graphite with an 8 wt.% 

coating of carbonized PR (A-2). 

 
Fig. 3  An SEM diagram of natural graphite with a 10 wt.% 

coating of carbonized pitch (A-3). 
 

 
Fig. 4   SEM diagram of natural graphite with an 8 wt.% 
coating of PR and a 10 wt.% coating of pitch (B-1; double 

coating). 
 
F. Sample Preparation X-Ray Diffraction 
Analysis (XRD) 
XRD results indicated an evident characteristic peak 
between 26.3° and 26.4°. This was the H(002) 
characteristic peak of the graphite. Table 3 shows that 
the diffraction angles (2θ) for the Original, A1, A-2, 
A-3, A-4, B-1, B-2, B-3, and B-4 samples were 26.41°, 
26.35°, 26.33°, 26.39°, 26.37°, 26.31°, 26.29°, 26.28°, 
and 26.26°, respectively. The present study found that 
the maximum peak intensity of H(002) gradually 
decreased as resin or pitch content increased. This is 

because of a change in the crystal structures of the 
graphite following carbon coating, consequently 
decreasing the intensity of the graphite peak value. 
The present study also observed a gradual leftward 
displacement of the diffraction angle 2θ (Fig. 5). This 
implies that the layer spacing d(002)) of the graphite 
gradually increased and the graphitization gradually 
decreased as the resin or pitch content increased, 
indicating that the layer of carbon on the surface of 
uncoated natural graphite is converted to amorphous 
carbon once the graphite was coated with resin and 
pitch. This amorphous carbon completely covered the 
surface of the pitch, increasing the H(002) layer 
spacing and decreasing graphitization. 
 
G. Charge/Discharge Testing 
Table 4 shows that the first charge capacities for 
Original, A-1, A-2, A-3, and A-4 were 419, 373, 386, 
389, and 386 mAh/g. The first discharge capacity for 
Original, A-1, A-2, A-3, and A-4 were 370, 348, 346, 
362, and 357 mAh/g. During charge/discharge, the 
lithium ions react with the electrolytes in the 
lithium-ion batteries, forming an SEI film on the 
surface of the graphite material. This film increases 
the irreversible  capacity  of  the lithium  ion  batteries.  
Although  
 

Table 3   Relationship between diffraction angles (2θ), layer 
spacing (d(002)), and graphitization (g). 

 
 

 
Fig. 5   XRD diagram of natural graphite following surface 

modification. 
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A-1 an A-2 comprised a PR structure on the surface of 
the graphite to reduce the formation of SEI, A-2 
exhibited micropores and gaps on the surface of the 
graphite after carbonization. The excessive amount of 
micropores and gaps caused the surface of the graphite 
to crumble and shed as the number of charge/discharge 
cycles increased, degrading cycle performance. The 
excessive amount of micropores and gaps of A-2 
coupled with its relatively larger SSA caused a greater 
first irreversibility effect. A-3 and A-4 were sampled 
with a single coat of pitch. Pitch is slightly conductive 
and creates a smaller SSA than resin (A-2) after 
carbonization. Therefore, A-3 and A-4 outperformed 
the samples with a single coat of resin (A-1 and A-2) 
in terms of charge/discharge, first irreversible 
capacity, first irreversibility effect, and coulombic 
efficiency. However, an excessive coating of pitch 
(A-4) significantly reduced charge/discharge 
performance. This is because increased thickness of 
pitch coating reduced the mobility of the lithium ions, 
thereby limiting charge/discharge capacity. B-1, B-2, 
B-3, B-4 were double-coated samples with 8 wt.% of 
PR and 10 or 15 wt.% of pitch. B-1 and B-2 were 
carbonized once, whereas B-3 and B-4 were 
carbonized twice. The first charge capacity of B-1, 
B-2, B-3, and B-4 were 380, 371, 378, and 372 mAh/g, 
respectively. The first discharge capacity of B-1, B-2, 
B-3, and B-4 were 355, 348, 347, and 343 mAh/g, 
respectively. Although the charge capacities of B-1 
and B-2 (single carbonization) were lower than B-3 
and B-4 (double carbonization), B-3 and B-4 
outperformed B-1 and B-2 in terms of first irreversible 
capacity, first irreversibility effect, and coulombic 
efficiency. All the samples exhibited a coat of pitch 
after the second carbonization process. However, B-3 
and B-4 produced micropores when they were coated 
with PR during the first carbonization process, 
increasing their SSA. B-1 and B-2 were left 
uncarbonized after coating the graphite with PR, and 
were only carbonized after being coated with pitch. 
This significantly improved the problem of overly 
large SSA. 

Fig. 6 shows comparison of the charge/discharge 
cycle performances of the modified single- and 
double-coated graphite at different rates. The 
discharge capacity of the uncoated natural graphite 
was substantially lower than the coated samples at 
different rates. The first charge/discharge capacities of 
the double-coated samples were lower than those of 
the single-coated samples. However, they 
demonstrated more stable charge/discharge cycle 
performance and maintained a coulombic efficiency of 
90% or higher. Among the double-coated samples, 
B-1 (uncarbonized coating of 8 wt.% PR and 
carbonized coating of 10 wt.% pitch) produced the 
best results. The coatings filled the micro-gaps on the 
surface of the graphite to reduce SSA, thereby 
facilitating the mobility of lithium ions and improving 
rate/cycle stability and capacity retention of lithium 
batteries. 

Table 4  Comparison of electrochemical performance. 

 
a: First irreversible capacity (mAh/g)＝First charge 

capacity－First discharge capacity. 
b: First irreversibility＝(First irreversible capacity / 

First charge capacity) x 100 % 
c: First columbic efficiency (%)＝ 100%－ ((First 

irreversible capacity / First charge capacity) x 100 
%). 
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Fig. 6   Comparison diagram of the charge/discharge cycle 

performances of modified natural graphite at different rates. 
 
CONCLUSION 
 
(1) Samples that were coated with PR and then 
carbonized exhibited larger SSA. Increased SSA 
consequently elevated the first irreversibility effect, 
which negatively influenced battery performance. 
Therefore, leaving graphite uncarbonized after 
applying the first coating of PR and only carbonizing 
the graphite after applying the second coating of pitch 
can effectively improve the rate/cycle performance of 
lithium batteries. 
(2) The samples with a single coating of pitch (A-3 
and A-4) exhibited smaller SSA than the 
double-coated samples (B-1 and B-2). Therefore, the 
coulombic efficiencies and first discharge capacities 
of the single-coated samples were higher than the 
double-coated samples. However, the double-coated 
samples exhibited better rate/cycle performances that 
the single-coated samples because they formed more 
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stable SEI films, preventing the fluctuation and 
shedding of the graphite during charge/discharge. 
Therefore, the single-coating approach can be used 
when higher capacities are required, whereas the 
double-coating approach can be used for higher 
rate/cycle performance. 
(3) Samples that were carbonized after the first 
coating of PR formed an excessive amount of 
micropores of the surface of the graphite. These 
micropores caused the surface of the graphite to peel 
off during charge/discharge. These samples failed to 
demonstrate significant improvement in first discharge 
capacity. Thus, a second coating of pitch was applied 
to increase rate/cycle performance. 
(4) A more favorable battery performance was 
achieved with a 10 wt.% coating of pitch for the 
single-coated samples. For the double-coated samples, 
an 8 wt.% coating of uncarbonized PR followed by a 
10 wt.% coating of carbonized pitch produced superior 
results. 
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