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Introduction

Graphite has been used as an anode material in state-of-the art Li-ion batteries due to high
capacity (337 mAh/g) and low potential (0.1 — 0.3 V vs. Li*/LI) of its lithium intercalation
compound (Li,Cs, X=1) (Kurzweil and Brandt, et al., 2009). Reversible intercalation and
deintercalation of Li" ions with graphite are attributed to successful formation of a stable
and protecting solid electrolyte interface (SEI) on the graphite surface, which is known to
complete in initially few cycles. Previous studies have shown that formation of the SEI is
greatly affected by electrolyte composition, morphology and surface chemistry of graphite
(Fu et al., 2006). For this reason, only a limited number of graphite has been found to be
suitable for the anode of Li-ion batteries. To use natural graphite that is inexpensive and
abundant, many researchers have currently focused on the surface modification of natural
graphite (Fu et al., 2006). The graphite surface can be modified by mild oxidation in air and
using solution of strong oxidant (Balasooriya, et al., 2006,2007). Mild oxidation induce
acidic group on the graphite surface, which act as surface film to produce SEI resulting
high reversible capacity. However, in gas-solid inter-phase oxidation reaction, control of
the homogeneity of the product is difficult to maintain. Consequently, a liquid-solid
interface oxidation reaction has been introduced as the use of chemical oxidant. Nitric acid
is well known as a strong oxidant and its standard potential is > 1.5V (Wu et al., 2003).

Sri Lanka is well known for high quality vein graphite, containing 95-99% of pure carbon
(Herath, 1995). They were categorized into four structural types, namely, coarse flakes of
radial (CFR) graphite, coarse striated-flaky (CSF) graphite, needle-platy (NPG) graphite
and shiny-slippery-fibrous (SSF) graphite, based on the structural and physical
characteristics (Touzain, et al., 2010). Recent investigation pointed out that vein graphite
from Bogala mine have sufficient electrical conductivity to be used as potential candidate
for Lithium ion rechargeable batteries (Geethika, et al., 2010) and chemical oxidation in
(NH4): S$,0g increase the reversible capacity (Balasooriya, et al., 2006,2007). The present
study aims to chemical oxidation of natural vein graphite in nitric acid in order to upgrade
the quality of vein graphite as anode material for lithium ion rechargeable batteries.

Materials and Methodology

Natural Sri Lankan vein graphite from Bogala mine was obtained for this study.
Identification of different structural varieties was done by visual inspections. Samples were
categorized into the four structurally distinct graphite varieties (Touzain, et al., 2010),
namely, shiny-slippery-fibrous graphite (BSSF), coarse striated-flaky graphite (BCSF),
coarse flakes of radial graphite (BCFR) and needle-platy graphite (BNPG) (Figure 1).

Different structural varieties of vein graphite powder < 63 pm were dipped in concentrated
nitric acid solutions (40-70 %) and kept under stirring at 60°C, separately, for 15 minutes.
Then samples were subsequently washed with water until neutral and dried. The
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modification of graphite matrix during oxidation was characterized by Nicolet 6700 FTIR
spectrophotometer in 500- 4000 cm' region. Dense graphite pellets of 12 mm diameter and
thickness of 8.5 mm were prepared using cold uniaxial pressing at 100 MPa. Electrical
characterization was performed on the pellets by four-probe d.c. conductivity method at

room temperature.

Figure 1. Structural types of vein (a) Bogala Coarse Striated Flaky (BCSF), (b) Bogala
Shiny-Slippery Fibrous (BSSF), (c) Bogala Coarse Flakes of Radial (BCFR) graphite and

(d) Bogala Needle-Platy (BNPG) graphite

(a)

(c)

Results and Discussion

(b)

Table 1: Electrical conductivity of different structural verities of Bogala graphite

Structural Type Electrical HNO, Electrical
Conductivity () concentration Conductivity of
of Raw Sample Chemically
at25°C (SCm’™) Oxidized

Graphite at 25°C
. (SCm™)

BSSF( Bogala Shiny- Slippery- 1.7 40% 1.8
Fibrous graphite ) 50% 2:2
60% 6.6

70% 4.7

BNPG( Bogala Needle-Platy 3.9 40% 1.8
graphite ) 50% 34
' 60% 4.0

70% 1.0

BCFR( Bogala Coarse 24 40% 1.1
fakes of Radial Graphite ) 50% 4.5
60% 5.2

70% 3.5

BCSF( Bogala Coarse Striated 3.2 40% 1.6
Flaky graphite ) 50% 2.5
60% 2.8

70% 1.7

-
7

The d.c. electrical conductivity details of these structural varieties are given in Table 1. As
seen in the table all these structural varieties of Bogala graphite possess the electrical
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conductivity around 1.7 to 3.9 Scm™' at room temperature. The d.c electrical conductivity of
graphite after oxidation with 60% and 70% HNO; has increased slightly. This suggests of
having sufficient electrical conductivity in, vein graphite from Bogala and they are potemlal
candidate for active anode materials in rechargeable lithium-ion batteries.

The Fourier Transform Infrared (FTIR) spectra of ground, untreated graphite and
chemically oxuilzed BSSF graphlte are shown in Figure 2. Weak absorptlon bands around
628-669 cm’', 1384.661 cm’', 1654.651 cm™ and 2298-2360 cm’ ! appeared at untreated
graphite powder The FTIR spectroscopic pattern of the chemically oxidized samples
belonging to BSSF, BCSF and BCFR types showed absorption peaks corresponding to
stretching vibration of aryl carbonyl groups around 1700-1680 cm’ reglon (Aurbachet al.,
1999, Kumar et al., 2001). The absence of such absorption peaks in untreated graphlte
reveals the formation of carbonyl group on periphery of hexagonal carbon basal plane.
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Figure 2: FTIR spectrum of Bogala shiny-slippery-fibrous (BSSF) before and after
oxidation with 70% HNOsat 60°C for 15 minutes

Conclusions

Bogala graphite shows of having sufficient electrical conductivity. Chemical oxidation with
HNO; slightly modify the graphite surface by forming acidic group which act as surface
film to produce SEI resulting high reversible capacity of lithium ion rechargeable batteries.
However, chemical oxidation with HNO; has not significantly change the d,c electrical
conductivity
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