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Abstract

In this paper, we tried to find answers to safetgbfems due to use of transition metal oxide astipes
electrodes in the lithium ion batteries. The exaothie reaction at high temperature induced by thetaxt
between positive electrode in the charged statdy as LiNp Cay .0, and the liquid electrolyte solution based of
LiPF6 (EC, DMC) is reduced by formation of cerarmiide. AbO; — and ZnO-coated are synthesized on the
surface of LiNgCay O, particles by chemical vapor deposition. The infices of deposit on the properties of
starting material, in particular the thermal stdfilare characterized by using, X-ray diffractiefectrochemical
measurements and differential scanning calorim@&C). ALOs-coated sample show fading specific capacity
during the first cycle. However, after several egch retention capacity is observed. ZnO-coated, k@, ,0»

is inactive electrochemically as shown by X-rayifra@ction pattern by the existence of two phasegh\Wegard

to DSC analysis in ADs-coated, one observe about 35% of reduction of Reat during the exothermic
reaction. The CVD method must be improved to obiafaresting results with regard to the electrocisam
performances of treated material.

Keywords: lithium-ion batteries, CVD coating; alumina, lagd cathode; electrochemistry, X-ray diffraction
Thermal stability

1. Introduction

The increasing energy requirements for the portagjaipment and transport involved a keen interast i
electrochemical storage systems. Among the varimesumulators types, lithium ion batteries are good
candidates to become the battery of future.

The transition metals oxides to lamellate[1] andnhaip?] structure are the spearhead of lithium dyédts
technology. Lithium battery is composed of lithiunetal as negative electrode, liquid electrolyte htfdum

intercalation compounds as positive electrode. &highium batteries deliver very high energy dessit
compared with the traditional storage systemslli&ad, cadmium-nickel and nickel-hydride accumuka{@i.

However owing to safety problems, the lithium bad¢te development as high power sources has beamedlo
down. Indeed, thermal studies showed the lithiuteba components react thermically with heat redep.
Using of nonaqueous liquid electrolyte induces tyaferoblems which involves heat releases exothermic
reactions in the negative[5] and positive electsodeterials[6].The transition metal oxides at tharged state
undergo structure transformations with releaseeat.h

Particular attention was focused on search of neaterials having low costs, a high electrochemical
performances and a good thermal stability. LiNgdd LiMn,O, compounds were proposed to replace LigoO
used as cathode electrode material in commer¢ialih battery devices. LiMi®, is most stable thermically,
less expensive and no toxic. Nevertheless, it ptssEn important loss capacity in cycling [7]. feosts reasons
and electrochemical performances, LiNi€eems to be the material which offers more patbiyticompared
with LiCoO,. However, it is difficult to synthesize in goodishiometry, the presence of ions nickel in thessit
of driving lithium to the formulation LiNi;.xO, and also has an important thermal instability he t
desintercaled phases [8]. Many efforts were madle thie aim of reducing the metal-oxygen bond disgmmn.

In the LiNiO, cathode material, a partial substitution of nick®ims by elements such as Co, Ga, Mg, Ti, Al
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allows to improve thermal stability while preseryigood electrochemical performances[9-10]. In spitex
better thermal stability than LiNiQthe substitued compounds cannot be used in coomhsystems because of
safety recommendations.

Several studies were carried out with the aim opriowing the physicochemical properties of materialls
positive electrodes. They consist to coat the glagisurface of positive electrode by some metmlesk11-15].
These works showed an improvement of electrochdnpeaformances and thermal stability of positive
electrode materials such as LICQQINIO,, LiMn,O, and LiNpgCoy50, [11-17]. The formation of oxide
coating around particles has as a role to reduegaiction between positive electrode and elecimbalution.
This layer must not to deteriorate the electrocleaiproperties of the initial compound.

The electrode/electrolyte interface being the sédithium ions transfer, the presence of layertioa electrode
particles can slow down the diffusion of the ioffws, the structure and the thickness of the layest be
optimized not to deteriorate the transfer of thesiorhe coated materials and the techniques usebdaleposit
must allow the formation of a sufficiently thinrfil

Many methods of syntheses were used to coat thiéiveoslectrode particles. Among dry methods, Atomi
Layer Deposition (ALD) showed good [17]. The simitasults have been observed using the wet methodeatt
particles LiNpgCoy 0, as reported by Jiangfeng Xiang and al.[14]. In@ase, we used the chemical technique
of plating in vapor phase traditional which we fzitady used to coat LipiCoy 0, by SiQ, [11].

The aim this work is to reduce exothermic reactiaaurs in the lithium ion battery when cathode etme
material is in the charged state. We have usedgllty 0, materials as starting cathode material (obtained
commercially from Merck company).il has good electremical performances and a energy density higher
(180mAnh/g) than LiCo®(140mAh/g). In spite of a better thermal stabilityan LiNiO,, LiNiggCaoy O, cannot

be used in commercial systems because of safatynreendations.

An attempt to synthesize thin layers of Zinc andrAinum oxide layers were carried out on the surfzfctne
LiNi ¢ gC0y O, particles using the traditional Chemical Vapor Bgifion method in which a rotary system was
adapted[11].

The precursors are organometallic ones which caat neith the water or oxygen molecules containeth&
CVD air flow to form required oxides. For A, we used aluminum trimethyl [(GHAI, TEA] as precursors
whereas ZnO precursor was the zinc diethyl [{CH,),Zn, DEZ]. The CVD process deposition is the same on
as that which we presented during our Si@ated LiNjsCoy O, work [B]. Due to liquid state of precursors, we
have carried out some adaptations in CVD systemrays diffraction structural characterization, \galostatic
cycling electrochemical measurements and DSC tHeamalysis of uncoated and coated samples are
compared and discussed. We emphasize on the studhanges and the influence of the treatmenhen t
electrochemical and thermal properties of the cadysamples.

2. Experimental
2.1. Material preparation

LiNi ¢ gC0y 0, was a commercially available powder obtained fiderck Company and was used as-received.
The characteristics of this powder are primarilg high temperature of synthesis (> 800°C) and its
electrochemical specific capacity of approximate@mAh/g.

2.2. Chemical Vapor Deposition (CVD) process

A tentative synthesis of AD; and ZnO coating on the LipdCo, 0, powder as protective layer was performed
by Chemical Vapor Deposition (CVD) process. Coaimvgere obtained from trimethylaluminum ((QAI,
TMA) and Diethylzinc ((GHs)>Zn, DEA) as precursors.[18] Table 1 presents thesighl parameters of these
compounds.

The process used is the same one as that whichses for the coating of LiNgCoy-0, by SiQ [11].
Deposition parameters have been optimized in daddeposit a thin layer through which lithium icancdiffuse
to reach the active material. Additionally, the temtive film must not decrease too much the eleatro
conductivity of the starting powder. To achievesthie aim at the thickness below 10nm.

The deposition was performed in a stainless sessltor heated at 300°C under vacuum. The remapregsure
before the coating treatment was between 30 anuté0.
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In addition, the organometallic bottles and thetslwaf connection were heated at 100°c using a tbstated
bath and heating ribbons, respectively. The temperaof the ribbon was controlled using a controld
temperatureRibbon temperature was fixed by using a contralletemperature. The goal of this operation has
been to increase vapor pressure of liquid precsraod to make easy the gas flow in ducts (table 1).

Approximately 4g of LiNjgCoy50, powder were located in the middle of the heatiogezin a rotating sample
holder which allows a homogeneous deposition of ftme all around the particles. Tests performedain
conventional sample holder have shown that therauy®ef the particles surface was only partiallyhiaved.

Precursor was introduced in the reactor at a flate of 150 SCCM during 5 minutes. During the detpmsi the
pumping was reduced and the pressure was maintaingdorr. Then, the reactor was kept under vacanth
oxygen was supplied for 5 minutes at a rate of @CCM. The process was repeated 10 times and thletitoe
is about 2 hours.

2.3. Structural investigations

X-ray diffraction analysis was performed on a RIsIXRD 3100 using Cu &radiation in &/26 geometry. The
X-rays parameters refinements were carried out thighJ-FIT software.

2.4. Electrochemical Measurements

The positive electrodes were fabricated by mixiogether active material (coated and uncoated gDty ;0.
powder), carbon black and polyvinylidene fluorid®/@F) dissolved in n-methyl pyrolidinone as bindeith a
weight ratio of 0.80:0.13:0.07. The mixture was a&fed on aluminum substrates using a barcoatedead
for 12 hours at 100°C. 12mm diameter pieces oftiraposite electrode were cut and used as samplé&ntio
electrochemical tests.

Electrochemical tests were performed in a simple-&ectrode cell using metallic lithium as the naga
electrode. The electrolyte was a 1M solution of H¢iRlissolved in ethylene carbonate/ diethyl carbonate
(EC:DEC) 2:1 (Merck). A glass fiber paper was uasdhe separator and wetted with the electrolytatiso.
The cells were assembled in a glove box filled wéthon and cycled using a MacPile system (BioLog@ic)
potentiostatic mode. The voltage limits and ratk lvé indicated when required.

2.5. Thermal measurements

Cathode samples, for differential scanning calotiyn€DSC) analysis, were charged to 4.3V vs Li unde
constant current at C/16 rate. A DSC 4 Perkin-Elmas used. The cells were then dissembled in thedbox

to remove the charged cathode. Approximately 6mthefcathode material were sealed in a sealed alumi
sample pan. Only the cathode material was usedltolation of specific heat flow, the weight of tekectrolyte
contained was not considered. The heating rateeoDSC experiment was 10°C/min.

3. Results and discussion

3.1. X-ray powder diffraction

Fig.1a shows X-rays Diffraction patterns of LiNCo, 50, uncoated which can be indexed according td=8m
space group, in the hexagonal cell [9,11,12]. Téleparameters are found &= 2.866(1)Aandc = 14.159(6)A
However, this X-ray diffraction pattern refinemesfitows the presence of small additional peaks dué,@0;
impurities layer on the surface of LNCaoy .0, particles[11,19]

As shown on the figlb, X-Ray Diffraction of LipCaoy -0, Al,Os-coated by CVD do not present significant
modification of the starting structure. We notehtigchanges as announced in our study on the coafing
LiNi ¢ gC0y 0, by SiQ.[11]. The structure obtained remains indexed mesgroup of space as LifNC0y 0,
untreated.

In figlc, X-Rays Diffraction patterns of LibliCoy 0, coated with ZnO shows a change of the structudetias
presence of a new phase. This result can be erpldiy a reaction of the precursor with starting eriat.
Impurity peaks in X-ray diagram confirms this asgtion. Impurity phase does not identify. The madénse
peak of this phase, located48° into 26 can be assigned, according to tables JCPDS, kelrzinc compound.
We can say that in the pattern, there are two phaae material and parasitic phase due to zintadang.
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3.2. Electrochemical measurements

The figure 2 presents the first cycles of uncoated ALOs-coated material. The cathode electrodes are otharge
until 4.3V vs Li. In the case of bare LifNCoy,0,, fig.2.a, around 0.7 of lithium were removed dgrthe first
charge and the specific capacity is 195 mAh/g @/¥6 rate. One can say with these values that €0,
impurity layer do not affect the electrochemicalrfpemance. In the fig.2b, about 0.6 of lithium were
desintercaled from ADs-coated LiNj ¢Coy,0, The first charge curves show the presence of apiwase region
during beginning of charge process.

The comparative of specific capacity between uremband AJOz-coated samples are present in the figure 3. We
observe a very regular loss capacity in cycling. e bare sample, the efficiency capacity is 88htlerthe
Al,Oz-coated sample exhibits 82% efficiency capacitye @an see that in the following cycles, the coating
improve the retention capacity. After 20 cycleg é&fficiency capacity of uncoated and coated cagleddctrode

is about 93%.

This result can be interpreted like due to the gmes of A}O; coating. During first charge-discharge cycle, the
oxide coating performs the role of an obstacle Whecdifficult to climb by lithium ions, from whicloss of
capacity was observed. In the next cycles, th©Atoating is more easy passes through by lithiumaias the
capacity retention is better as reported by J. &fwal.[9,12].

This improvement of the retention of the capacép be explained by the fact that oxide coatingngfiteen the
LiNi ¢ gC0y 2O, structure by preventing the dissolution of thealblnd nickel atoms as indicated in the literature
[11,13,14].

Since, neither X-rays diffraction nor the charazegion by scanning electronic microscopy deteciégDs
coating; one can conclude that the layer is seffitty thin to not deteriorate starting material andallow the
lithium ions to cross it during the electrochemipadcess. However, the cyclic aspect of the evaiutif the loss

of capacity induces the problem of an interactietween layer deposited and ions lithium during the
intercalation.

The most important point remainder the fact thad fhenomenon occurs in a reversible way, which loan
interpreted as a homogeneous constraint on the @amap

Consequently, we could not explain in a clear way variation of capacity if not that the mateiialparticular
deposited oxide AD; aluminum interacts with the reversible lithiumvedy.

The electrochemical test of ZnO-coated LijGo, 0, is in accord with the X-rays diffraction resulfg(lc). As
shown in the figure 4, ZnO-coated sample is nottedehemically active in the range of potential dis€his
result was observed on several samples in the samdition. As shown in fig.1c, there is reactiortvireen
Zn(CH;CH,), and LiNi gCay O, particles which results in the impossibility tosdeercale the lithium ions. It
seems that ZnO-coated was very thick and prohittitedliffusion of lithium ions out of LiNigCay 2O,.

3.3. Thermal measurement

X-rays diffraction and electrochemical measurenafnZnO-coated LiNjgCay O, were given poor results; so,
differential scanning calorimeter (DSC) measuremavere carried out only on the8s-coated LiNj gCay 0,
electrode.

Figure 5 presents DSC curves of uncoated an@®yAdoated LiN}gC0y50,. Galvanostatic cycling conditions
assume that the electrodes are charged to 4.3Létr&fe. One notices a significant reduction ingRethermic
reaction for AJOs-coated (fig.5b). These tests were carried outexeral samples of this type and the results
always showed a reduction of exothermic peaks.

One can also highlight that the exothermic reactioil,Os-coated sample occur at 203+8°C (fig.5b) while
uncoated sample exhibit exothermic peak at 222+8f§5a). This result is in agreement with the \esu
reported in literature [11, 20, 21]. The heat fltow bare LiNp ¢Coy 0, display 490 + 60J/g value while As-
coated LiNjgCay .0, exhibit 320 + 60J/g. The heat value of uncoatetiardd electrode is lower that literature
values.[22,23].The presence of,B} coating on the surface induces a reduction oktmhermic reaction from
approximately 35% compared to the heat loss byp#ne compound.
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4. Conclusion

ZnO-coated powder process shows a reaction wiltigkCoy-0, which results to the presence of
impurities peaks in X-rays diffraction pattern aheé absence of an electrochemical activity. It aasume that
ZnO layer prevented diffusion of lithium ions outloNi o ¢C0y 50,. In the case of ADs-coated LiNjgC0oy 50,
we have better results, comparable with those obdafor silane. When AD; coating is performed, structural
analysis show that the properties of coated matara not modified. On the other hand, electrocleaini
measurements show similar behavior with ,Si@ated LiNygCay O, namely the presence of a plate at the
beginning charge cycle[11]. The biphasic regiomseto come from the interaction between initial enal and
coating thin film which would generate Li(]NiCoy 2)1.,MyO, solid solution type where M represents Al and Zn.
This assumption was already underlined by J. Chal.etnd seems most plausible to explain the poeseha
biphasic region.

The regular loss of the specific capacity in cyglpredict a phenomenon which proceeds in a reverpiith,
but the actual position of our work does not altovwidentify it clearly. There can be due to phenonanaduced

by the LiNp ¢Coy :0,/Al, Oz interface. And yet, the coating material procdksva a reduction of the exothermic
reaction from approximately 35%. Nevertheless, dmieks that a refinement of CVD deposit parameters
remains necessary to understand what happens.
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Table 1. The physical parameters of precursor camg®

Precursors compound

FW (g/mol)

Boiling point
)

Melting point
G

Density at 25°C
(g/ml)

Trimethylaluminum
(CH3)3Al (TMA)
a 97% (Aldrich)

72,09

125-126

15

0.752

Diethylzinc (GHs),Zn
(DEZ) (Aldrich)

123,49

117°C

-28°

1.205
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Figure 1. X-ray diffraction pattern of LibliCoy 0, powder: (a) Bare, (b) ZnO-coated (c)®4-coated
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