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Investigations on Electrochem ical Character istics of L iV:0s Electrode
n L ithium Sulfate-water-ethanol Electrolytes
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Abstract The active material of L M, O, prepared using lov-tenperature pre-reaction in lution folloved by
intemediate-temperature calcination at 450 The product was characterized by X-ray diffraction analysis and
sanning electron microscope ob<ervation The perfomance of L M;0; electrode in neutral lithium sulfate-water-
ethanol electrolyteswas investigated using electrochamical methods Galvanostatic charge/discharge reaults indi-
cated that the gecific cgpacity of L M;O; electrode decreaseswith ethanol content increasing in electrolyte The
most gop ropriate water/ ethanol wolumetric ratio is4 1 in temsof conductivity of the electrolyte and stability of
the electode AC impedance measurements demonstrated that the ohmic resistance of the electrolyte aswell as

the charge trander resistance of the electrode/electolyte interface increaseswith ethanol content increasing
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1 Introduction

L ithium ion batteries have been applied to many
fields such as communication, portable computer and
 on, owving b the advantages of high gecific ener-
gy, long cycle life and enviormentally friendship.
However, there are sme disadvantageswith nonaque-
ous lithium ion batteries such as safety problem in uti-
lization, high manufacturing cost and low conductivity
of organic electrolyte These dravbacks limited its gp-
plication 1o sme areas, for example, in goplication ©
electric vehicles

From 1994, studies on lithium ion batteries or
Li" insertion/extraction electrode materials using a
queous electrolyte containing lithium ionswere repor-
ted . Lithium trivanadate, L VO; (L, VO;) have
been intensively investigated as positive electrode ma-

terials in nonagueous lithium batteries®*”. It iswell
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known that the Li" insertion/extraction potential of
LNVLO; is lower than that of LiCoO, and L NIO,.

Hence, d Kohler et al'® sudied the battery with
LVO, (Li.V0s) as negative electrode, LiNf g
Ca, 140, as positive electrode and 1 mol/L L, S0,
agueous lution as electrolyte W herein, the L VOg
crystal wasprepared by conventional high-tenperature
©lid method
material was prepared using low-temperature olution
reaction folloved by intemediate-tamperature calcina-
tion method (ascribed o lution method) and its
electrochemical perfomance as negative electrode in 1

In our previous work™® | the L VO,

mol/L Li, SO, agueous electolyte was exanined We
found that the charge/discharge cepacity of the lu-
tion-method L V0O, was higher than that of the lid-
method one Nevertheless the capacity degradation
of the LNV;0O; electrode upon cycling was still quick

* Corregoonding author, Tel: (86-21) 66134851, E-mail: abyuan@ staff shu edu cn
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due o the agueous electrolyte A ltematively, in the
present study, lithium sulfatewater-ethanol slution
electrolyteswere enployed and the influence of differ-
ent water/ethanol wolunetric ratios on the electro-
chamical perfomance of L V;O; electrode was investi-

gated
2 Exper mental
2 1 Preparation of L iV;04 M ater &l

The L V; Og material was prepared according
the method described in literaturd™. Li, 0O, and
NH,VO, (analytical grade) with amolar ratio of L i
V =1 3 were added o distilled water in a beaker,
then heated to boiling with magnetic stirring Boiling
for about 1 h, the lidswere thoroughly disolved
After boiling off thewater completely, a lid mixture
(precuror) wasproduced The precurorwas heated
0 450
electric furnace and cooled dovn to room tempera
ture, thus the L V30, material was obtained

and maintained for 10 h (calcination) in an

2 2 Thermal Analysis Structure
Character ization and M orphology
O bservation

Themogravimetric and differential themal analy-
sis (TGDTA) of the precuror (pre-reaction prod-
uct) was perfomed using a microcomputer controlled
WCT-1A differential themal analysis unit (Beijing,
China). The tanperature rise rate was contolled at
10 min " heating from 26 to 500
of the smplewas about 10 mg The crystal structure

, and themass

of L M;0g active material was characterized by powder
X-ray diffraction (XRD) analysis using a Rigaku D /
max-RB X-ray diffractometer with Cuk, radiation (40
kv /40 mA). Momphology observations of the L V3O,
product and the precuror were conducted on a Hita-
chi S350 scanning electron microscope (SEM).
2 3 Preparation of L iV;04 Electrodes

A given anount of L V30 and 10% (by mass)
acetylene black were mixed, then 5% poly ( tetraflu-
omethylene) emulsion was added to the mixture and
mixed thoroughly again The obtained paste was filled

inb foaned nickel with 2 an x 2 an dmensions
The pasted electodewas dried at 70 for 12 h and
then roll-presaured © a thicknessof O 6 mm.

2 4 Electrochan ical Testng

Charge/discharge perfomance of L V; Oy elec-
trodeswas perfomed using LAND auto-cycler (Chi-
na). The working electrode was L V; O, electrode,
the counter electrodewasL N O, electrodewith higher
cgpacity relatively, and the reference electrode was
saturated calomel electrode (SCE). 2mol/L Li, 2, -
water-ethanol lutionswere used as electrolytes The
charge and discharge cut off potentialswere - 1 5
and - Q 2V (vs SCE) regectively

Electrochemical impedance ectrosopy ( EIS)
of L V3O electrodeswere carried out using CH I660A
Electrochanical Work Station with the three-electrode
systan same as the above

3 Realtsand D iscussion

31 TGDTA Curvesof the Precur sor and
the Preparation Reaction

The pre-reaction in ®lution can be described by
the following equation'* :

6NH,VO; + L1, Q0O; NH,V;05 - xH,O +
Lp,OO; + 4NH; + 2(1- x) H,O (1)
In Eq (1), NH,VO; changed © NH,V;0; - xH,O
and in the mearwhile, NH; and H,O were given off

W hereas, L, CQO; undemwent no net change in the re-
action, but itspresence in thisprocess helped © fom
hamogeneous mixture (precursor) and would be con-
venient for the olid reaction in the subsequent calci-
nation process

2NH4V308. XHzo + me3 2Li\/3 Og :
yH,O + 2NH; + G0, + (1 + 2x - 2y) H,O (2)
LNgOg' szo_ L'\/gOg + szo (3)

The themograms of the precurr are shown in
Fig L Wherein the first mass loss before 150 is
due © the dehydration of free water in the mixture
The second weight loss in the range of 150 230
with the DTA peak at 190 should be ascribed
the excape of NH,, 0O, and H, O'**' which corre-
gonding o the reaction (2). The third weight loss
betveen 230 320 should be attributed © the re-
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Fig 2 XRD pattemn of theL V;0O4 ponders
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Fig 3 SEM imagesof the precursor (a) and theL V;04 (b)
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interlayer  This process correpponds o the equation
(3). The residual water in V5O, layer could be re-
moved canpletely after 320 . In this study, a team-
perature of 450  was slected as calcination temper-
ature for the L M;Oq preparation

3 2 XRD Analysisand SBM Observation

Fig 2 shows the powvder X-ray diffraction pattern
of the LVM;QOg. It can be sen fran Fig2 that the
characteristic peaks for L V;0; are presented in B =
13 92°, 23 28°, 28 36°, 30 86°, 41 04°, 42 30°
and 50 70° regectively This suggests that the pre-
pared L V3O isa pure single-phase compound

The SEM imagesof the precuror and thel V Oy
product are shown in Fig 3a and b repectively The
precurr exhibits polycrystalline aggregation of the
mixture While, the LM;0; crystal presents wide
particle size distribution

3 3 Charge/D ixcharge Character istics
and AC Im pedance Spectra Analysis
of thelL V;0; Electrode

Fig 4 shows the first charge/discharge curves of
theL V;0; electrode in 2 mol/L L i, O, water-ethanol
electrolyteswith differentwater/ethanol volumetric ra-
tios On charging process, the Li* ions in lution
are intercalated oL .,V3;Os and the electrode poten-
tial decreases W hile on discharging, theLi” ions in
Li..V;0, are deintercalated © ®lution and the elec-
th

trode potential increases W ith ethanol content in-

T
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Fig 4 First charge/discharge curvesof theL ;04 electrode in
2 mol/L Li, O,-water-ethanol electrolyteswith different

water/ ethanol wvolumetric ratios

creasing in electrolyte, the average charge potential
decreases and the average discharge potential increa
*s The maximal charge/discharge Pecific cgpacity
was obtained with a water/ethanol volumetric ratio of
4 1 Nevertheless we found from experiment that if
the ethanol content decreases further, the electrode
would became unstable in the electrolyte Hence, the
water/ethanol wolumetric ratio of 4 1 is considered ©
be the most gop ropriate for smultaneously considering
the conductivity of the electolyte ( see below) and
the stability of the electrode

To correlate the above charge/discharge rewlts with
AC impedance behavior, the AC mpedance gectra
for theL ;05 electrode in 2 mol/L L i, 0, water-eth-
anol electolyteswith different water/ethanol volumet-
ric ratioswere obtained and digplayed in Fig 5 Be
fore AC mpedance measuraments, the electrode had

u Vg iVa4il a o
a vy, :v=3i1
O VyivVa2:l ° .

L 0% SOC

-2"1Q
Owhmmanx

0 2 4 6 8 1012 14 16 18 20 22
zZ'Q

AR

gone through an initial charge/discharge cycle for ac-
tivation The AC impedance were meadured at dis
charged state (i e 0 % SOC, State Of Charge) with
the frequency range fran 10° © 10 ° Hz Fig 5b is
the close up view of Fig 5a at high frequency region
Seen from Fig 5a that the mpedance gectra are all
camposxd of a smicircle and a straight line The
smicircle at the higher frequency region should be at-
tributed o the charge trander resistance of the elec-
trode/electrolyte interface, and the straight line at the
lover frequency region corregponds o the Warburg
diffusion impedance of Li" in olid The charge trans-
fer resistance increaseswith ethanol content increas:
ing in electolyte On the other hand, sen from
Fig 5b that the ohmic resistance increaseswith etha-
nol content increasing in electrolyte This is because
that the conductivity of the ®lution decreases with
ethanol content increasing Therefore, it comes o the
conclusion that with ethanol content increasing in e
lectrolyte, not only ohmic resistance of the electro-
lyte, but al® the charge trander resistance of the e
lectrode/ electrolyte interface are increased

Fig 6 shows the charge/discharge curves of the
LV;O; electrode at different gecific currents in 2
mol/L L iSO, water-ethanol-electrolyte W ith charge/
diccharge gecific currents increasing, the average
charge potential and the average discharge potential
shift toward more negative and more positive regpec-
tively, and hence the charge/discharge cgpacity de-
creaees The cgpacity at pecific current of 20 mA -
g ' decreased not significantly compared with that at

10mA- g ', but the capacity at 30 or50 mA- g
3.0
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Fig 5 AC mpedance ectra for theL V304 electrode in 2 mol/L L i, 0, water-ethanol electrolyteswith different water/ ethanol

volumetric ratios
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Fig 6 Charge/discharge curvesof theL v ;05 electrode at
different gecific currents in 2 mol/L L, SO, -water-

ethanol electrolyte
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Fig 7 Variation of D ischarge capacity with cycle number for
the L V304 electrode cycled in 2 mol/L Li, O,war

ter-ethanol electrolytes with different water/ ethanol

volumetric ratios

The charge / discharge cyclic stability of the
L V;O; electrode at a gecific currentof 10mA - g '
in 2 mol/L Li SO, -water-ethanol electolyteswith dif-
ferent water/ethanol ratios are presented in Fig 7.
Seen from Fig 7, that the ecific discharge cgpacity
of the electrode in the electrolyte with water/ethanol
ratio of 4 1 isobvioudly higher than that in the elec-
trolyte with water/ethanol ratioof 3 1or2 1 More
over, in the initial 5 cycles, the cgpacity decline rate
of the electrode in the electrolyte with water/ethanol
ratio of 4 1 is dower than that in the other electro-
lytes Undergone 20 charge/discharge cycles, the

discharge cgpacity of the electrode in the electrolyte
with water/ethanol ratio of 4 1 decreased 0 61 % of
the initial value A Ithough the capacity degradation
with cycling is still quick, the cyclic stability is im-
proved in sme degree compared o the L V;0; elec-
trode cycled in lithium aulfatewater aqueous electro-
Iyt i

10
o st cyce
8l o 10thcycle 0% SCC .
L ]
6t .
c L
N 4} .
! .o.oo
® o
2t @%Wo
0’ L . R L A L L .

Fig 8 AC mpedance pectra of the L MV;0; electrode being cy-
cled 1 and 10 cycles in 2 mol/L L i, 0, -water-ethanol e-

lectolyte

Fig 8 shows the AC impedance gectra of the
L ;04 electrode being cycled 1 and 10 cycles at pe-
cific currentof 10mA - g Yin2mol/L Li, S, water-
ethanol electrolyte with water/ethanol ratio of 4 1
The AC impedance measuraments were perfomed at
discharged state (0% SOC) and with the frequency
range from 10° © 10 ° Hz Seen from Fig 8 that un-
dergone 10 charge/discharge cycles, the samicircle at
higher frequency region increased obviously This in-
dicates that upon cycling, the charge trander resist-
ance of the electrode/electolyte interface increased
and the electrochamical reactivity of the electrode de-
creasd

4 Conclusions

TheL VO, electrode can intercalate and deinter-
calate Li" ions in lithium sulfatewater-ethanol elec-
trolyte and may be used as negative electrode for lithi-
um ion battery with aqueous electrolyte The galvano-
static charge/discharge results damonstrated that the
charge/discharge ecific capacity of thelL V;0; elec-
trode decreased with ethanol content increasing in



3 'L V50, - -

- 255

electolyte A maximal Pecific discharge cagpacity of
110 mAh- g * was obtained in the electrolyte with
water/ethanol wolumetric ratio of 4 1, and this com-
position is considered o be the most gopropriate for
simultaneously considering the conductivity and sta-
bility AC impedance reqults revealed that with etha
nol content increasing in electrolyte, not only ohmic
resistance of the electrolyte, but al® the charge trans
fer resistance of the electrode/electolyte interface in-
creaed Cyclic stability investigation showed that un-
dergone 20 charge/discharge cycles the discharge
capacity of theL V;0Oq electrode in the electrolytewith
water/ethanol volumetric ratio of 4 1 decreased 61
% of the initial value The charge trander resistance
of the electrode/electrolyte interface was increased
upon cycling and this reflects the decreasing of elec-
trochamical reactivity of the electrode
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