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IR Study of Ozone Modified Graphite Matrix

NADEJDA A. ASRIAN?, GALINA N. BONDARENKOP, GALINA
I. YEMELIANOVA®, LIUBOV* YE GORLENKO®, OLEG 1. ADROV®,
ROBERTO MARASSI®, VERA A. NALIMOVA? and
DMITRY E. SKLOVSKY*?

ADepartment of Chemistry and Physics of High Pressures, Moscow State Univer-
sity, Moscow, 119899, Russia, bTopchiev Institute of Petrochemical Synthesis,
Russian Academy of Sciences, Leninsky pr., 29, Moscow, Russia, “Department of

Chemistry, Laboratory of Catalysis and Gas Electrochemistry, Moscow State
University, Moscow, 119899, Russia and dDepartment of Chemistry, University
of Camerino, via S.Agostino 2, 62032 Camerino, Italy

The oxidation of graphite powder was reported to enhance the capacity of graphite anodes in
Li-ion batteries. Here we present [R-spectroscopic study of the graphite powder modified via
oxidation by ozone with the subsequent LiOH or butyl-Li treatment compared to the results
obtained by “wet” acid oxidation. Ozone treatment lcads to the formation of ozonides,
C-0-0-C, carboxylic and epoxy groups on graphite surface. Subsequent treatment of ozone
modified graphite with LiOH eliminates the majority of C-O containing groups and yields
only a few COOLIi surface groups. Treatment of ozonated graphite with butyllithium appears
to be more efficient.

Keywords: orone; oxidation; graphite; surface; IR-spectroscopy; solid electrolyte interface;
lithium 1on batterics

INTRODUCTION

Secondary lithium batterics or their derivatives (lithium-ion batteries) are being
intensively studicd owing to the considerable challenge they present for
applications - high electromotive force, high cnergy density (two-three times
greater than that of any conventional secondary batterics like Ni-metalhydride,

Ni-Cd), long cycle life, excelient high-temperature performance and safety,
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since no metallic Li is used. In the search for clectrode matcerials for usc in
rechargeable lithium batteries, the well known ability of different forms of
carbon to intercalate lithium metal is very uscful. Improving of eclectrode
characteristics requires maximizing reversible capacity (Qx) at minimum
irreversible capacity (Qw) loss duc to the formation of Solid Electrolyte
Interface (SEI). Mild burn-off was reported to improve performance in Li/Li,C
cells!: Qr was incrcased by 10-30%, Qr was generally decreased and Li Gy
degradation was much lower. Chemical oxidation of graphitc powder by the
strong oxidizing agents ammonium peroxysulfate and hot concentrated nitric
acid increases the reversible capacity during cycling from 370 to 430 mAh/g,
whereas Qw is reduced®. The oxidation of the graphite results in the formation
of a wide variety of surface functional groups. These groups contain carbon-
oxygen bonds which arc covalently attached to the graphite surface. These
groups can be used to form the so-called CB SEI (chemically bonded SEI).
During the first intercalation process, these acid groups arc converted into
surface Li-carboxylic salt and surface O-Li groups. These groups in presence of
EC-, DEC-, DMC-, or PC-bascd clcctrolytes arc converted into Li;COs-based
SEL It is belicved that this SEI is chemically bonded to the surface with -
COOLi and -OLi groups'.

The cnhanced capacity obscrved may be attributed not only to the
formation of CB SEI, but also to the accommodation of cxtra tithium in cavitics

@ To avoid the

or nanovoids produced during “wet” chemical oxidation
formation of these we proposcd to use ozone as an oxidizer since it was shown
to be a mild oxidizing agent {2-6% of ozone in 0;/0, mixture, room
temperaturc) when uscd for the modification of activated carbons .

Here we report a comparative spectroscopic study of oxidized graphite
powder by ozone and “wet” chemical oxidation. The modifications in graphite

matrix during the oxidation and subsequent treatment with LiOH or butyl-Li arc

cxamincd by IR spectroscopy.
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EXPERIMENTAL

The oxidation of graphite powder (Alfa, 325 mesh) was carried out by four

different methods according to the following proccdures:

e HNO; treatment - 200 mg of graphitc was treated with 2.6 ml of 16N nitric
acid at 120°C for 3 h followed by washing with distilled water to pH 7 of
the filtered solution and dricd in 107 Torr vacuum for 40 min at 50-60°C;

¢ H;S0./HNO; method - a charge of 200 mg of graphite was oxidized in the
mixture of | ml of 96% H,SO, and 0.13 ml of 16N HNO; at room
temperature. After 40 min the mixture was diluted by distilled water;

e H;SO0/KMnQ, method - 200 mg of graphite powder was added to 1 ml of
96% H,S0,; 30 mg of powdered KMnO, was then added to the mixture in
small portions while the mixture was continuously stirred. The reaction was
quenched after 30 min by pouring the mixturc into distillcd water. The
suspension was then treated with 3% H,0, solution to reduce the residual
permanganate and manganese dioxide to colorless soluble mangancsc
sulfatc, washed and dried.

¢ Ozone oxidation was carricd out in gas-flow rcactor with Q3/O, gas mixturc
(2 - 6% of ozonc) passing through the fluidized bed of graphite powder at

room temperature. The details of this technique can be found elsewhere!™,

Oxidized samples were treated with 100°C Li hydroxide (3M LiOH ag.
solution, 2 hours?!y or with butyl-Li solution in cyclohexane (room temperature,
20 hours).

IR spectra of pristine, oxidized and oxidized/lithiated samples were
mcasured using a Spccord-M-82 spectrophotometer (Karl Zeiss) in 400-4000
cm™' region. All samples were weighted, milled in nujol to make a suspension
and placed into the hermetic transparent ccll. The concentration of oxygen
containing groups was calculated from Lambert’s and Beer’s laws from
cxperimentally observed extinction. For the cxtinction cocfficient the value of

specific extinction of di-n-oxy-phenolic cther of terephthalic acid was uscd.
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RESULTS AND DISCUSSION

Figurc 1 presents IR spectra obtaincd from graphite powder treated by
H,SO./KMnO, (Fig. 1" and powder which was subscquently trcated with a
LiOH solution (Fig. 1°). An IR spectrum obtained from untreated graphite
powder is presented for comparison (Fig. 1%). Spectrum 1° shows mainly two
bands that may be attributed to carbonyl bonds vibrations. The most intensive
band at 1650 cm’ may be attributed to C=0 groups conjugated with the
electronic system of graphitc; the sccond one - at 1715 cm™” denotes C=0 bonds
not conjugated with any n-electron system. Subsequent LiOH treatment (Fig 1°)
climinates these COOH groups (1650 cm™ and 1715 cm” bands disappear) and
new bands at 1515 cm” and 1540 cm’ may be attributed to COO  ions. The
results obtained for hot nitric acid and H,SOs/HNO; treatment showed
qualitatively similar results.

IR spectra of the graphite powder treated with ozonc (4.7% in Os/O;
mixture) are presented in Figure 2°. Wide bands observed in the region 1250-
1100 cm’’, are commonly attributed to vibrational modes of single C-O bonds in
ozonides, ethers, esters and other compounds containing single C-O bonds and
the bands in 17207-1620 cm™ region are due to C=0 bonds vibrations. The
variation of ozonc concentration in 03/0; flow does not change the shape of IR
spectra and affects only the overall intensity of the bands. For all samples
treated with ozone, the relative intensity of the bands in 1250-1100 cm™ region
is substantially higher than the intensity of the bands in a longer wave region.
Accordingly, the calculated concentration of the groups containing single C-O
bonds is nearly twice as large as that of groups with double C=0 bonds. This
suggests that along with COO  groups (which have cqual amount of single and
doublc C-O bonds), ozone modified sample contains somc other oxygen
containing groups with single C-O bonds. These may be ozonides, C-0-0-C or
epoxy groups'”. The wide multi-component band in 1250-1040 cm” region

represents these kind of functional groups.
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LiOH treatment (Fig. 2°)
almost completely eliminates
the bands in 1250-1100 cm’
region, whereas the band at
1720 cm® (C=0) becomes
even more intensive. At the
same time we do not observe
any bands in 1500-1600 cm’
region, typical for C=0 bonds
in carboxylic ions. This
suggests that LiOH treatment
of ozonated graphite is rather
inefficient for the formation of
chemically bonded COOLi or
-OLi surface groups and leads
to the destruction of C-O
groups yielding no (or a few)
COO™ ions.

Butyl-lithium, being a
stronger nucleophilic agent
than LiOH should more
efficiently convert various
single C-O bonds into -OLi
groups. The ozonated graphite
powder treated with n-butyl-

lithium preserved in IR

Absorbance
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- graphite ‘n\u/j(ol c-0
T v T . -
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Figure 1. IR spectra for H,SO,/KMnO,
modification. (a) untreated graphite; (b)
oxidized; (c) oxidized and LiOH
treated; (d) oxidized and treated with
butyl-lithium
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Figure 2. IR spectra for ozone (4.7% 0+0;)
modification. (a) untreated graphite; (b)
oxidized; (c) oxidized and LiOH
treated; (d) oxidized and treated with
butyl-lithium

spectrum wide and intensive bands in 1100-1250 cm™ region (C-O), but having

a substantially different character compared to untreated ozonated graphite.

Since C=0 bonds in COOLi groups readily react with butyl-lithium excess

yielding -COLi groups, almost no bands are observed in 1500-1600 cm™ region.
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Several well defined peaks, observed in the spectra of butyl-Li modified
graphite in 580-670 cm’ region (not shown in figurc) may be attributed to
covalent O-Li (or/and C-Li) bonding.

There is another advantage of butyl-Li treatment worth to be mentioned -
the reaction is carried out in non-aqueous media, thus enabling to avoid any

hydrolysis and watcr adsorption by carbonaccous anode material.

CONCLUSION

The mild oxidation of graphite powder for lithium-ion batteries anodes
application was carried out with ozonc in 03/0, flow at room temperature. The
oxidation leads to the formation of the variety of oxygen-containing groups on
graphite surface. These are ozonides, C-0-O-C, carboxylic and cpoxy groups.
Subsequent treatment of thus modified graphite with LiOH (in order to form
CB SEI) climinates the majority of C-O containing groups and yields only a few
COOLi surface groups. Treatment of ozonated graphite with butyl-lithium leads
to the formation of mainly -COLI groups, whercas a “wet” chemical oxidation
with subscquent trcatment with LIOH produces mainly -COOLi groups on
graphitc surface. Electrochemical investigations of ozone/butyl-lithium modified

clectrodes in Li/Li,C, cells are underway.
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