AD-A105 968

UNCLASSIFIED

BRIGHAM YOUNG UNIV PROVO UTAH DEPT OF CHEMICAL ENGI-=ETC F/6 7/4
THE ELECTROCHEMISTRY OF MOLTEN LITHIUM CHLORATE AND ITS POSSIBL=~ETC(U)

DEC 80 S S WANG,
BYU=TR=-1

D N BENNION

NOQO14=80=C=-0345

NL




ee—

B ﬁ

OFFICE OF NAVAL RESEARCH
Concract NO9%4-80-C-Q345
Task No. NR 359-552

ADA105968

/7 JECHNICAL REPORT NO. 1, /.7 « =
/ L

L o - o ;

' The Electrocnemistiry of Molten Litnium Chiorate and

its Possioie Use with Litnium in a Battery,

by
- iy . X , o
| Su-Cnee 51mon}&ang a2nd Dougias N. 3ennion!

Prepared Tor Publication

in the

oournai of The Elecirochemica: Sociely

Brigham Young University
Department of Chemical Engineering

Provo, Utah 84602

SN
, - s . ; / "‘ ‘/,' Q ‘
117 Deconmewnmesd .

& .
4 Reproduction in whoie or in part is permitted for
. any purpose of the United States Governmant
Q-.
S4 - R . .
) fj this document 1as been approved for pubiic release and salz
| its distripution is unlimited

£ 81 10 21

Yoo -

g o> accdt e




The Eiectrochemisiry of Moltan _ithium

Chiorate and Its Possibie Uss Wiin
Litnium i1 a 3atcery
oy
Su-Chee Simon wanglj and Douglas N. Benniond)

Chemical Engineering Department,

University of Caiifornia, Los Angeies 50023

\:él ABSTRACT

Lithium chlorate, L1C103, has a reported :eiting point of

5.

127.8%C or 129éC. Tne specific conductance of mcitan lithium chioratz
is relatively nhigh comparad to most electroiytic sciutions used at
rcom temperature. Therefore, lithium chloractz offers the chance to
Operate a new ithium batiery system at a tzm22rature belwaen 130¢C
and 1506C. It is found from experiments tnat iithium chicrate is

-

stadle in tne potential range between 3.2 V and 4.5 ¥V reiative Lo

S

a Li reference electroda., A Li-CTZ secondary batiery systen has an
gpen circuit potenciail of 2.97 v, maxking a Li-C';2 secondary battery
in molten litnium chiorate, in principle, possible. A lithium-lithium
chloratz primary battary systam is aiso possiole. Lithium negative
glecirode performance is nindered by corrosion and pcessiole runawdy

reactions with LiCi03 and dendrite formation on charging. The solubilily
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¢f Lid and LiCi in LiC105 at 1458C is rsut0€3 '“o/Lc,’a/\w 28
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x 16t mo]/cmg respectively. Tne diffusion ccefficients are 1.
7 Sy oL - }2’ -8q. ¢~

10~ (ﬁ)/s for Lizo andg 3.4 x 10°# éjz/s for LiCl. Pi3tinum appeéres

($2]

RS

to be an inert positive electrcde for chlorate, chlorine, or Oxygen
reactions for short term runs, orager of several hours. Nicke: shows
active-passive behavior «hich is complex. Nickel apsears susitabiz
for primary ce.i, cathodic discharge of LiC]C3, DutT il SOeS noL apsear

syitable for a C]Z or 02 electrcda,
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[ntroduction

Lithium, with low 2quivalant weight and large negative electro-
chemical potential, is an attractive choice as a n2gative electrode
for batteries of high specific energy and powar density. Twd iypes
of nonagueocus lithium battery systems have been dsveloped, ambient
temperature and high temperature sysiems.

Compared to the ambient temperature systems, the nigh tamperaturs
systems have the advantage of higher power output cagacity because
of the higner conductivity and the faster electrcde kinetics associated
with molten salt elactrolytas used in high temperatur2 systems. rowever,
disadvantages for high temperature systems ar2 heated up in the siarting
up stage and tne matarial problems of sealing and separation, Looking
for a molten salt electrolyte which works at a iower temparature,
e.qg., below ZOOOC, might be one of the alternatives to solve ine material
propiems.

Lithium chlorate, LiC]03, has reported melting point about
128°%C (1, 2). Therefore, lithium chlorate offers the chance to operate
a new battery system at a temprature between 1302 and 150°C. The
specific conductance of molten lithium chlorate varies from 0.1150
(ohm cm)~! at 131.89C to 0.1420 (ohm cm)~! at 143.01% (3).

It is reported by Markowitz =2t al. (&) that after two da
of neating a. a temperature of 135°C under flowing argon, oniy 0.46%
litnium chiorate was decomposed to either lithium cihloride 710.06%)
or lithium perchlorate (0.40%;. 1t was also reportec that tne fast

exothermic decomposition takes place at about 376°C. Litniim cnlorate

at adout 1409C is beliaved to have good thermal stability.
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In preliminary experiments, lithium could be successfuily
deposited and discharged reversibly on different inert negative electirode
substrates including lithium, nicxel, stainless steel, and platinum.
All of these substrates are believed to be stablae in molten ‘ithium
chlorate. Howaver, the formation of a lithium-piatinum ailoy erorittied
the platinum substrate.

The cathodic reaction occurring on the surface of an iner:
positive electrode during discharging is believed to be the raducticn
of Tithium chlorate to 1ithium oxide and Tithium chioride.

0 (1)
(relative to Li ref. electrcie)

LiC10, + 6 Lif +6e - LiCl + 3 Li

-~ 2
g0 = 3041 y (226)

The various anodic eiectirochemical reactions which ar2 expectizd on
the surface of a positive electrode during charging are
Lig0 ~ 2 Li" 4350, +2¢ (2)
E° = 2.903 V (6) (relative to Li ref. electrode)
LiCl - LiT +35¢C1, + 2 ¢ (2)
e = 3.976 v (&) (relative to Li ref. elecirode)
. .+ , 3 - )
L1C103 > Li + 3 C12 +t 5 02 + e (1)

£° = 4,6 ! om experimental data, relative to Li ref.
electrode) 4.6 Y (from experimental data, ive to Li

In the prasent study, inert materials which can be used as
positive or negative electrodes in molten lithium chlorate were studied.

At differant discharging states, the polarization experizients were

w

canducted at various rotating disks, Ni and Pt, o study the afrszt
of discharging products, presumably LiZO and Lict, oan zoiarization
curves, The electrolyt2 was also analyzed a: different Charging and
discharging states to investigate the possinle imoivenant of reaciiong
(1), (2), (3), and (4) on inert positive eiectrsdes. Gas, 2v01/ing
from the pecsitive elactrode during charging, was coilectad anz ana yr:d

as a compliment to the intormation obtained from iiguid pnase chemica’
3
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anaiysis. The potential range, at which molten lithium chiorate s
electrocnemically stable, is discussed. Tne possipiiity of using

lithium chlorate as the electrolyte in a primary and a secondary lithium

battery is considered.
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Experimental
_ithium chlorate usecd in all experiments was prepared as descrited
by Campbell and Griffiths (7). A 1.0 M solution of barium chlorate
was heated to 85°C. Tnen a 1.0 ¥ solution of lithium sulfate was
acded slowly until equivalence was reached., Tne precipitated parijum
sulfate was removed by filtration., The lithium chiorate solution

was evaporated siowiy under 1 cm Hg pressure, tne temparatur

(18]

peing
kept below 85°C, up to an approximate conceatration of 90% 1ithiun
chlorate. The concentrated lithium chlorate soiution was then transtferred
into an argon atmosphere glove Dox and heated to 1309 uncer 50 um
Hg pressure for Tour wee«s. Using this proccess, the "driec" iinium
)

cnlorate melted between 1269C and 1289C. According to ths chlorate-

(9]

water phase diagram proposed by Krauss et al. (8), tne meiting point
of lithium chlorate between 126°C and 128°C corresponds to a water
content of less than 0.5%. Lithium chlorata is known to be exirzmely
hygroscopic (8). Although the water content in litnium chiorata was
0.5% or less, no gross effects associated with water were obdbserved.
The 50 um of Hg pressure in the drying chamber was mostly argon i23king
into the flask. Thus, the partial pressure of water was some small
fraction of 50 um of Hg at 130°C.

The polarization experiments were conductec in rotating Jisk
cells. The rotating disk cell was composed of a giass cylinder 3/4
incn in diameter and ' and 1/2 inch high, to accommodata ©oth tn2
rotating disk ang moiten litnium chlorate. Two glass tubes, 0.6 cm
in diameter, were connacted to the cylinder at the bottom accomnodating
a lithium counter electrode in one tube and a iithium reference electircde
in the otner. Small sintered giass blacks 1/Z inch tnick were empesced

0
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inside the 0.6 cm tubes {0 separate the main cylinder from tne iitni.m

counter electrode and the reference electrode. hickel and olatinum
rotating disks were employad. The nickel rotating aisk w~as made ¢of
3 nicke! rod, i/8 inch in diametar and 1 and 7/8" long, helc inside
a teflon sleeve 0.3 inch in diamater. The platinum rotating ¢isx
was mace o7 a platinum wire, 0.051 inch in diameter, surrounded py
a 0.3 inch diameter taflon sleeve and supporzed Oy an ajuminum rod,
1/8 incn in diameter.

The rotating disk ceil was placed on & nhot piate surrdunged
by 3 heavy aiuminum tube, 1/4 inch wall tnickness, forming a cavity
wnicn 13 at 2 reasonably constant temperature, =+ 1%¢.
was measured using an iron-constantan thermoccuple, Tha temperatura
was kept at 1459 during experimental runs. About 6.5 grams of pure
vithium chlorate was added into the main cylindar. The two side arms
were half fiiled. Two lithium ribbons, one inserted into the counter
electrode compartment and the other inserted into the reference elzacircda
compartment, werg neid in position by two teflon stoppars. Then the
rotating disk eiectrode was dipped into tne moiten lithium cniorate
contained in the main cylinder. Tne rotating speed, contrclled by
an adjustable motor, was generally kept at 1000 rpm, but scmatimes
varied between 1000 and 1300 rpm.

A1l experiments were performed in an argon 7Tiiled glove Hox,
Model HE-243-2 R (A3, which was supplied by Vacuum atmosphere Corporazion,
The impurity levels cof oxygen anc water can be estimated by measuring
the 1ife of a 25 watt light bu'b tungsten fiiament in the glove box.
The light burned for a month, indicating, according to the cperating

manual of the dri-lab, that the oxyjen plus water content was betwsen




1 and 5 ppm. The temperature ~iinin the glove box a3 <2t at 2¢
- 19%.

The circuit is composed cf a potentiostat and an ammeiar for
measuring the current, connected in series with the experimental cell.
A digital voltmelter was connected between the rotating disk elzcircis
and tne lithium reference electrode for measuring tnhe potential, ~ud
of the polarizaticn curves were obtained potentiostaticaliy.

The chemical analysis for chloride ions and oxide ions suggestea
by Markowitz (5) was employed to investigate the involvement of lithi.m
chloride and iithium oxide in the elacirochemica’l rsaction, occurring
on the positive electrode of a iitnium ¢hlorate cell., ATisr cnarging
and discnarging at varicus potential plateaus obsarved in the polirization
experiments, lithium chlorate electrolyte was sampled and dissoived
in distilled water. The oxide content was determined by titraticn

[P
|

to tne phenophthaiein end point with hydrocchioric acic; ¢n

-

r

-
cdneent

[4¥]

[
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was determined gravimetrically as AgC1. Tne Ni content in the elecirciyte
was measured using a Perkin-Elmer Atomic Absorption Spectrometar.

Gas, often observed evoiving frcm the positive electrcde during
charging, was collected and analyzed as a complement to the information

obtained from liquid phase chemical analysis.




Resuyits
In the first polarization experiments, 6.3035 grans of Tresh
lithium chlorate were added into the main cylinder cf a rctating dis<
cell, A Ni rotating disk, polisned before using, was then dippes
into moiten Sithium chloratz electrolyte and left standing no: untll
the cpen circuit potential reached a steady state. in Figure I, the
anaodic polarization curve n fresh iithium cnicrate is shown.,  Jiscnarg’ng
or cathodic reaction of the litnium chlorate was conductad afterwards
amploying a Ni piata 1 cm x 1 cm area in the main cylinder ang running
current batwsen the Ni pilate and the Li counter 2lectrode. At differeant
discharging stages of the eieciroliyte, after 203, 630, 1000 micro
equivalants discharged, anodic potarizaticn curves were dbtained ¢n
a fresnly polished Ni rotating disk. These curves are shown in Figure
2. After 1500 micro equivalents discharged from tne litnium chlorate,
aisK, tne

tin

tnree anodic poiarization curvas were run 0n 2 Wi rot

{ot]
U

first one right arter discharging, the second two hours after discharging,
and the third twenty hours after discharging. The aisk was polished
before the first run and left standing in moltan lithium chiorate
afterwards. These three curves are shown in Figure 3.

Comparing Figure 1, 2, and 3 shows that the first plateau,
3.0 V, appeared in Figure 2 after 1000 micro eguiva.2nts Jischargad.
However, this piataau was pertialiy or compliately eiiminated in Figure

P v m A s S mA T - RIE TR NP,
eft standing NoL In moiian iintunm

-
]

3 after tne Ni rotating disk wes

-

chlorate for two or twenty hours, respectiveiy. 1L was 3,50 obser,ed

IJ
1

that the second plateau, 3.5 V in Figure 1 or 3.3 V in Figure

3, extends further after discharging. Tne 4.7 V plataau ar in2 thirg

p.ateau aprearad at a lower piilantial aned Tresn aiaiutoonicrate

9
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was usad as the eleciroiyte.

{n the second set of 2xperiments, 6.348 grans of fresh litnium
cnloratce was added into tha @main cylinder of a rotating disk ce
After 400 micro equivaients was discharged from the 2lecirdl st using
a Ni plate 1l ¢cm x 1 ¢m area, anodic poiarizaticn 2xXparimenis were
run On d soiished Ni rotating disk at difrerent ~3tating speels. -

4, ancdic polarization data, with -~ = 10830 rpm, 1200 rpm, 1300

(17

Figur
rpm, and 1300 rpm, are shown. t was found tnat the limiting current

obser./ad batw2en the second and tne third pratzaus odbayed tne sguare

r—nn

rdoT 2w, i.e., .6 O, of Lavich's Eguation 3,

2 )
':-.‘\b/'\-)\ —A//v-l,/~.‘
- “

T Ty ens ~an Y- -2 Caarena? o -nan 5 - ~de A A .
g ithtum Cnlicrale 2.elirg. st was tnegn Turiher 2isiaarzed

using the N1 plate. At varjous discnarging stagas of the elecirciyte,

530, 620, and 704 migro eguivalents discnaerged, anciic polarizaticn

sbservad on anodic polarization curves, shown in Figure 5, reachea

2 conszant vatue aF 290 A after 630 micro equivalants discnarge
Catnocdic polarization curves were aisg taxsa in the e.eCiroiyie

aTtter 704 micrao eguivalants discnarged., Tne curves, shown in Figure

hodic currant couid be ennancad at a higner

cr

5, indicated tnat the ca
rotating speed oyt tne studre rcot law did not hioi g here.

In the following asscribed experiments, & p0:1ished PL rotating
disk was dipped into 6.912 grams of frash Tithiam cnicrate., Tne anddic

polarization curve was tiken in the fresh eiectirciyie as sacwn in

-n

igurz2 7. Artter 250 and 450 micro egquivaients discharged from th2
elacirciyte using a di plate, anodic polarization exparimen

run on a pclished P: rotating disk at two cirfferent roiating speacs,

10
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1000 rpm and 1800 rpm. The limiting current between 3.2 V ang 4.2
Vv plateaus for the anodic polarization curves followed tne squars
root law.

Cathodic polarization curves on Pt in either fresh iitnisum
chlorate or after 450 micro egquivalents discharged are sicen “n Figure

8 and 9 for 1000 rpm and 1300 rpm. Tne cithodic current increasad

£

at nigher rotating speed but less tnan/ ./ .., similar ¢ catncsic

current on a Ni rotating disk. The catnodi¢c iimiting current ZJecres:

vy

with an increase in the extent af discharging.

Tne plateau, appearing petween 4.0 ind 4.5 V of tne ancdiz
polarization curvas on PY rotating 415kS, a33 $t.idi=g Yurinss in Taz
following experiments. Vacuum Iried oi0. was added into 2.32 grivs
of molien jitnium cniorate step Dy Siep; tnerefare, anadic po
curves at diffarent 101 concentration <2413 be odtainad on 3 palished
Pt rotating d@is<. AL an ana.ysz=d Lic. concentration of 1.542 «1
mole/ :m3, potarization experimants were conducted at two Ciffcrert
rotating speads, iGC00 274 1330 rpm. 7Two limizing currents, 83 -
and 120 uA respectively, were cbserved as $hown 17 Figure 17, at
higher concentration, 1.574 x 1079 mota/cm
increased to 820 LA at a rotating soeed of 100C rpm.  ahen s Cirum
chlorate was saturated with 130, tne 1imising Carrant Trlrellalot.
1000 ;A az 1000 rpm. A news piateau above
cases.

Trne invoivenant of Li-0 anz _°0°

~
“

on the positive elsctrode in a iithium cniora

by chemical analysis for LiCl an1 Ui
Y J 2

elactrolyts was sampied periodicaliy from the pusits
J >
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P

during discharging around 2.5 V using a Ni or a Pt positive electrcae.
Tne sampied electroiyte was tnen analyzed. The results are sumnar::zec
in Table 1. It was found that about 20% less L120 and 30% more LiCH
than expacted based on Equation (1) were created during discharging
Of the electrolyte.

Af ter discharging around 2.5 V, charging was conductad in
the electrolyte using a Ni or a Pt elecirode. <Charging current was
adjusted occasionally to kaep the potentiail between 3.0 and 3.8 V.
The electroiyte was sampled from the positive compartment after cnarging

and analyzed tor LiZO and LiCl. It was found that only Li,0 was consumed

during charging, s2e Tapie 2.

Gassing has been observed during charging bSetwszan 2.0 ¥V ang
3.8 ¥V on either Ni or Pt elactrodes. The gas, coiiected ircn the
positive compartment, was blown thrcugh oxygen absordent to anaiyze
the oxygaen content. The rasults are shown in Taple 3. Based on ine
results shown in Table 2 and 3, it is believed that the electrcchemical
reaction occurring on the positive electrode during charging between
3.0 V and 3.8 V is oxygen evolution from Lizo, Equation (2).

When charging was carried out between 4.4 V and 4.7 V on a
Ni positive electrode, the electroiytic solution became darx green
in color. The chemical analysis of the electiroiyte showed that ;120
and LiC] were neither created nor consumed. However, after dissoiving
the electirolyte and tne dark green precipitate in acid, nickel isns
were found quantitatively in the solution using an atomic absorpticn
spectrometer,

When charging was carried out between 4.0 V and 4.6 V on 2

JOR!

Pt positive electrode, 1t was fcund that both Lill and Li,0 were consumzs,

(S

12




Tabie 1
>
Surmarized Results of Chemical Analysis
After Discharging Using a !ii or a Pt Elactrcde
»

{ F i
. | Type of Electrode | N i Pt |
o - ~

' . | i
I Amount of LiC10 | , i
] in the positive ccrpartinent 5.0C081 ¢ d.€385 g 3.2035 *
; T :
* P Amount of discharge i 1220 micrs ! 2238 micre | £C3 micre

1 ‘ equivalent i ecuivaients ecuivalents

i t | '

| - f . | |

i Amourt of Li,0 created { 476.93 micro moles 921.55 micro meles 262.23 nicro mole

| during discharging | (953 36 micro)* (1843.10 microy* . 228,76 ﬂicro) *

L ecuivalents equivalent eaLive.ant
i ; ¢ T f

| : '
, v Amount of LiC1 created f 2¢4.45 micro moles £0C.25 micro moles o« 1ZZ.2 migro Tele ‘
: ‘during discharging . [i28¢.70 micro)* (3002.713 rr.icrc}* 77304 rtt*fcroj ol

L | ecuivalents equivalents ! sruivalentsd
: *
; converted based on Zgquation (1)

Table 2

Surmarized Results of Chemical Analysis
After Charging Using a Ni or a Pt Electrode belcw 3.8V

- . T i
Type of Electrode [ My : Pt I
, [ I
: l i !
; i .
: Amount of LiC10 | 4.6005 g | 519335 |
! in the positive compartment ! J
i :
; ‘ !
Amount of charge ; 5CC micro i 437.15 micro
, equivalent | equivalent
| I '
Amcunt of Li,0 consured 1 203.7 micro moles ; 173.81 micre motes
during charging ! 407 .4 microl’ 317.62 micre) *
i equivalents equivaient*s
Amount of LiCl consumed -
during charging A#J
*
calculated based on Equation (2)
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Table

The results of oxygen collection
durirg charaing between 3.0 and 3.8Y

* | Taces I B
! I Testinz | Arveunt of Fmount of T Javgen content ! ]
i lelectroce | charge cas collected | in the collecisd zas : !

: { (micro ecuivalents) (1) ; (m1) j

] ‘ '

f | | 1.2 |

N i 229 i 1.5 ! /195 micre \ <

| 1 | L equivclen:> ;

) - K A e { - ' + e —?

) P 208 | 1.¢ | RIS j

: | , 175 micre ) o

i J i (;quivaients i

)

* converted tased on Eauation (2

Table 4

Summarized Results of Chemical Results Aft
Charging above 4.0 V Using a Pt Pcsitive Electrode

—
; fLi in th 153 —1
Anount of LIC10, Tn the 4.921 g 5.453 g |
| nositive electrdde |
i - . . !
i amcunt of Charce 600 micro €00 micro ;
i equivalents ecuivalents
f : : PNV
iChar91ng potential 4.0 to 4.6 V ‘ above 4.6V ;
] 1 i ‘
 Amount of Li,0 consumed s 1 mi [ - .

o . . 96.1 m ol 164.9 micro moles
Cduring charging 196.1 micro roles i 1c icro mole |
F t -
i Amount of LiCl created 90.57 micro mole | EQ0.11 micro moies
[or consumed during charging consumed creatad

|
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A

see Tadle 4. Howaver, during cniacjing adovse §.9 Y, Lill 15 cregiaz
as Li,J 15 consumad on a Pt positive electrode,
During charging above 4.6 V on a P. positlive e2.ecirode, gas

was coliected and anaiyzed for both Cl, and 0,. From the resu’ts

(AN

r

[&]

1420 guantitatively

shown in Table 5, it wis cobserved tnat Tl, was &v
along witn a certain quantity of oSxygen during ancdic cnarging iabove

~ ¢
.

4.0

13




From Tadle 1, it s proved that tne catnodic reaction sccurring
on a positive electrode, Ni or Pt, during discharging is the radjuction

A

arim L¥,0 and LiCT, Equation (1.

-

of LiCi0, %o

2
~
TN .o~ .+ - - sy . b3 ’
LiCi0, + 6L +06e ~ LiCl + 3Li0 D)

) <
The reason that less ;i20 is shown creatzd in Tadle then tneoretically
nreaicted from Faraday's iaw applied to fquation (1) mignt ce 2ssociated

with tne migraticn ofF oxide ions tnrough the sintarec giass separator

[¢9)
-
=
(&)
Ty
wn
T
o
-
-
w

and inz0 the negative compariment. In the m2anlin

found tnan expectad 7rom Faracday's law appiied 10 tne singi2 reattion

of fguaticn (1), Tha deccmposition reaction of LiC 0, 1o Lilh anc
0~ besizes tne reaction of Eguaticn (1) taxes £lace o1 a positiva
glectrode accounting for the extra LiCi, since 2.5 cc of oxyg2en nas

peen collacted during 1125 micro eguivalents dischargad.
Juring charging between 3.0 and 3.3 V, 0Oxygen evo.ution fram
LiZO occurs on a Ni or Pt positive electrode, see Table 3.
+
Ly ~2Li +%0
120 L 5 0,

The transition between the second and the third placteau in anoa:c

+ 2 e (2

polarization curves is due to the mass transfer control of LiZO o)
the rotating disk, since the limiting current increases witn incraace
in concentration of LiZO. The diffusion coefficiant in molten liiniun
chlorate can be estimated using Levich's equation (9).
D2/3x'1/6:1/2C

—
(S2)

I, =0.62nFA
L
where IL, the limiting current; F, the Faraday constant; A, tne Jisk
area; J, the diffusion coefficient of Li20;~;, the kinematic viscosity
of the electrolyte; i, the angular veiocity of the disk; 2nd C, the

concantration of LiZO. The n is equal to 2 in this case since two

14
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glactrons are given up by each Li.0 molecyia during cnarging. The
. can be calculated using the equacicn suggssted by Campbeil et al.

(10) for pure lithium chlorata.

(em?/sec) = 979 X 107 . TEIS/RT (6)
" T setween 1287 and 173°C
R = 1.887 cal/g-mol+"K

Tne densities of litnium chiorate, ., at varicus tamperalure, are

also reported by Campbell et a'. (1l). Accorgingiy, tne diTfusion
coefficiant of Li,0 in lithium chlorate at 1459 is evaluated from

frusion coeflicient

-

. e - - 2 - ‘

Figura 7 witn ~ is equal to 0.l1lo cmé/sec. The 4

of Li,0 at various iimiting currant and measurad 1,0 concentration
2 2

ire shown baiow.

- ? ~
D= 1.40 x 10_; anlfsec @s 1= 20 i g0 k107 o
2= 1.49 x 10 ; cmz/sec as IL = 28 A CLiZO = 3.921 x 10°° role/
D =1.30x lO_7 cmz/sec as IL = <0 wA LLiZO = 6.135 x 13-? ~ole/
D=1.52 x 10 cm"/sec _as IL = B4 LA CLiZO = 6.135 x 1072 role/

The smail value of these diffusion coefficients is due to the hign
viscosity of molten salt compared to aqueous solution, since diffusion
coefficients times viscosity is a constant i.e. Walton's rule. Tnese
four diffusion coefficient deviate less than 8% fram each other implying
that the LiZO is indeed the diffusion limiting species.

In Figure 5, it is shown that the limiting current raaches
a constant value of 290 uA, after 630 micro equivalents were discnarged.
It is believed that this constant value is associated with the saturated

i

concentration of L1,0 in lithium chiorate. Therefore, the soludility
of Li,0 in lithium chlorate can be evaluated from Eguation {5) 0
be 7.5 x 1072 mole/cm3 using the average diffusion coefiicient of

Li,0, i.e., 1.43 x 1077 cm®/sec.

15
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Wb

=4

[

In Figure 19, 1C was observed tnat the i2ngih oF ne p)

2%

petween 3.0 and 4.5 V on Pt rotating disxs is proporticnzl 0 h

[19]

concentration of LiC) in electrolyte. Therefore, it is believed tnat
chlorine evolution fran LiCl takes place on Pt electrodes during charging
between 4.0 and 4.5 V.

+ . -

it] - it e +e ran
Licl 1 - 5 U iy (6) ( vV

relative to Li ref. electroze)

The limiting current, observed in Figur2 10, s apparently due 0
the mass transfer limitation of LiCl to Pt rotating disks. Accordingly,
the diffusion coefficient of LiCl in the electrolyte could be sstimated
qdation (5). At different LiCl concentration and limiting current,

0 mgle/en

~

—
(&1}
L
o
=

cm/sec  as IL = 80 A CLiC

- - 2

D= 355 x 107 cmé/sec as I = 110 WA Cypq = 1,542 x 127 mole/cn

-7 2 ~ n k] - -3 " 3

D= 3.04 x 10’ cn"/sec as IL = 520 A CLiC] 1.574 x 10 mole/cm®
The small vaiue of these diffusion coerfficients is again due o the

high viscosity of molten sait conpared to aqueous solution, The aggreement
between these results with a standard deviaticn of 0.255 supports
the conciusion that LiC! is the limiting diffusioun reactant for tne
third charging plateau.

The solubility of LiC1 in 1ithium chlorate can be estimated
using the limiting current shown in Figure 10. When the eleciroiyte
was saturated, a limiting current of 1000 A was observed. Using
the average diffusion coerficient of LiCl in lithium chiorate, the
solubility of LiCl in iithium chlorate is 1.78 x 1073 molescm® at
145°C. In Taole 4, it snows that Li,0 was also consumed during cnarging

between 4.0 and 4.6 V at the Pt electrode. This could be interpreted

as foliows. Since tne charging potential employed is hignar tinan

oxygen evolution potential, the oxygen evolution occurring at abdout
6




3.4 V must be running atl its Timiting current during trne 2niire Cnargin
In addition, the replacement reaction between LiZO ang Ci, consumes

LiZO to reform LiC1,
Li0+ Cl, - 2 LiCT + 50
2 6 = -49.52

Tnis also expiains wny in Table 4 less Lill was consumed than expacezd

2 Xcal/moie

based or raraagay's iaw.

14

in Table 5, the resuits show that oxygen along ~ith calcrine

is evolved from the Pt electrode during charging above 4.6 V. For
instance, 3.30 cc or 150 micro mo'e (600 micro eguivalents) of oxygen
was zcotliscted in run number 2 while 150 micro equivalents was cnarged
inoav &,72 V. I7 oxygen is evolved from LiZO, tnat mich J, s not
expected. inerefore, it is believed that both chlorine &nd cxygen
are evolved from lithium chlorate during charging above 4.6 V.
LiC10,— Li" + 3 €1y + 920, + & (@)

Part of tne chiorine gas evolved will react with Lizo to form LiCH
and 02. This replacament reaction, Equation (7), Towers the concentration
or L120 and creates LiCl. Since chlorine avolution from LiCl is also
occurring at its limiting current when charging above 4.5 V, LiCl
is created and consumed simultaneously by different reactions during
charging. This explains why only 80 micro moles of LiCl were created
while 165 micro meles of L1,0 were consumed (Tabie 4).

Chlorine evolution is not observed on Ni although a charging
plateau around 4.6 V for a Ni rotating disk appears. From chemical
analysis, it is found tnat Ni is oxidized to Ni0 during charging azove
4.6 V.

The first charging plateau, observed on a Ni rotating disk

Y
|

in Figure 3, appears at a potential close to the standard poiantiz

17
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passive

transpassive

(11)
(12;
(13

I-u.ClC>3 T €Ll T ce LiCr + ZLigT
- L+ . - -
.4;2‘ 2L T -302 +r 22
-
R NS 2 . 22"
Figure 11. The change of mixed potential of Ni in

Molten Lithium Chlorate.

Ao,




of the Ni slectrode.
L+ - s
N1 2, 2 &) (3
£° = 2.739V ! (relative to Li ref. electroce)
Therefore, it is believed tnat the first charging plateau is due to

Ni

144

Ni disscluticn and the third plat2au is probably in the transpassive
regicn. The mechanism of Ni passivation is described as foiiows.

As a poiished Ni electrcde is dipped into fresh moitzn Tithium
chiorata, a thin NiD fiim is believed to form on tne surtace of tnsz

Ni. This film couid reduce the active area for Ni aissoiution ano

shift Ni dissoiution curve 1 to i1 as shown in Figure 11. Then the

mixed potential would be switched from (a), in Figure 11, to [b) or

-

(c). The points (b) and (c) are the intarssactions of curve

dissoluzion and curve

Tithium chiorata reduction with curve i1 for Ni

A mixed potential at

vi for oxygen evolution, respectiveiy.

(b} or {c; implies that Ni is passivated and the first charge p)

atat

for nickel dissolution is no longer seen on the Ni rotating disk,

(see Figure 1).

in the molten

Lithium oxide and litnium chloride are formed

As discharge goes

titnium caiorate during aischarge using Ni plates.

on, Li,0 will start to grecipitate on the electrode after the electrolyte

is saturated with L120. This Li20 precipitate could raduce the active

area for litnlum ¢chigrate reduction and move curve i/ gradually towerd

curve v. Finally, the cathodic curve v for Jithium chlorate rediction

will intersect tne Ni dissclution curve i1 in its active region, namely,

point (d) in Figure 11, and reactivate nickel dissoluticn.

- Il
avedu

dhen the nickel is reactivated, the first chargiag p

As shown in Figure 2, after 1000 micro eguivalents

appears again.

dischargad from lithium cnlcrate, the first charging plateau was observed



for a rotating disk,
Tne reactivated Ni is then reacting with molten iithiun cnlorate

to form a more complete nicke: oxide protective film. Eventually,

-4

the N7 will be passivated again, and the Ni dissoiution curve s shified
o 111 in Figure 1i. Since more LiZO is present in the electirolyte
after discharging the lithium chlorate, the oxygen evolution curve
is aisdo shifted from vi to vii. Therefore, the mixed potantion saitches

to th

1]

intersection of curve ii and vii, i.e. point (e) in Figure
I1. Tnis could explain the disappearance of the first charging plateau

aftar not stand, see Figure 3.

Pure 1ithium works to scme 2xtent as a Li nsgativa electrcde.

-

fne denarite problem occurring on a pure Li negative eiecirode is

serious., [t might be solved using a lithium alloy such as Li-Al (12).
The corrosicn reaction between Li and moiten lithium chiorate is estimated
to b2 nigner than O.SmA/cm2 as Lio0 and LiCl are formed. No way 10
conirol this corrosion while the LiC103 is molten is now xnown. Tneraefore,
if lithium chlorate is to be used as electrolyte in a lithium battery
system, room lemperature storage as a solid will be necessary to limit
the corrosion reaction. The calorimetric data on lithium chloraze,
given by Campbell et al. (10), suggests that 5491 cai/mole is needed
for one mole of lithium chlorate to raise the temperature from 259
to 145°C, &

Conclusion

Based on the experimantal results, it is known tnat lithiun

]

chlorate is stabie in the potential range between 3.2 V and 4.6 V.
Above 4.6 V, lithium chlorate will degrade to O,, Cl,, and Li during

charging. Below 3.2 V, lithium chlorate will reduce to LiCl and LiZO.




Therefore, lithium chlorate can 52 used as the inert electrolyte of
a lithium secondary battery only if tne cperating potential is betwsen
3.2 V and 4.5 V. The Cl'/C]2 ha'¥ cell operates in this potantial
region on platinum.

A Li-LiCiO3 primary battery system is possibie. with an energy
density of 38398 wh/kg based on a discharge potential of 3.2 V, the

lithium chiorate primary battery is theoretically one of the nignest

specific energy primary batteries available.
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