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M ' INTRODUCTION - @/ -
ALz

The rapid dissolution of Li in alkaline aqueous solutions can be utilized

electrochemically to produce very high rate batteries. In the Li-H:B system,

the rate-limiting.p}ocess is the oxidation of lithium rather than the reduc-

ADAO82638

tion of é;o at the cathode. A critical examination of the corrosion proces-
ses has revealed that the ﬁ;le.r. at the Li surface is rate determining, not
the Li dissolution reaction (1).' Thus, unlike conventional battery systems,

1] in Li-ézo cells the current efficiency is governed by fhe ratio of two com-

¥ peting reactions, namely, the anodic dissolution reaction and the parasitic

| " self-corrosion raction (2). The current efficiency increases as the electrode
is polarized from its OCV, and it decreases at elevated temperatures where the
corrosion reaction is stimulated. One of the most important features of the

system is the fact that the maximum current (or limiting current) obtained

during anodic polarization never exceeds the OCV corrosion rate. This unusual

-

behavior and the impact of elevated temperature on the faradaic efficiency

of the cell are examined in this paper.

‘
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[ .
‘ ) EXPERIMENTAL
] ‘ . Lo ' .
‘ Details of the electrochemical cell and support equipment have been given
previously (1'). In summary, the test cell housed a circular 11.4-¢-.-m2 dia.
. anode support to which was bonded the lithium test specimen. The cathode
comprised a wire screen spotwelded to a ribbed iron back plate. A needle

point penetrometer was mounted on the cathode compartment such that on

activation the p;atinum-plated steel needle could pass through the matrix
and penetrate the anode surface. The pgnetroﬁet_er was instrumented with
an impedance meter and linear motion transducer ‘3).' Accuracy of the probe

-3
position was within 10 om.

1 Electrolyte flow through the cathode matrix and across the anode face was

provid_ed by a micropump and was monitored with a rotameter?{ Electrolyte- -
temperature was controlled to *0.1°C by passing it from a reservoir to a

constant temperature heat exchanger, and into the cell.

Real time hydrogen rate measurements were obtained using a wet test meter
which was modified with an optical encoder connected to a digital/analog -

eemmma | w1 e e -

converter.

Lithium hydroxide solutions were prepared using reagent grade chemical and

deionized water. .

The experimental conditions for the seguence of tests reported here were: ;

|’ LiOH concentration 3 4.5 M
; Electrolyte flow rate : 30 om/s *
&
Anode-cathode contact 4 '
pressure : 6.2 x 10 Pa ;
Eiectrolyte temperxature: 18, 25, 35, 4S5, f
’ . . 55°C
* Polarizations were performed potentiostatically, using a custom designed
0 -10A, 0 - 10 V instrument. Response tims was 60 usec (from no load),
2
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input i.mpedance.yas 1.5 x 10]'2

2, axgd voltage stability was #2,.5%.

-t

Anode poteptials were monitored wiéh a cadmium (cadmium hydroxide)
reference electrode (E° = = 0.809 V vs NHE)..
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'RESULTS

k. MRS

" The influence of temperature on the anodic polarization of Li in 4.5 M LiOH

[ ot

at a constant anode_-cathode contact pressure, P = 6.2 x 10‘l Pa and electrolyte
flow velocity, v - 30 cm/s is shown in Fig. 1. - The polarization curves possess
two distinct regions, typified by the curve at 55°C. The initial portﬁ.on of
the curve depicted as a-c is linear. It represents IR drop across an essen-
tially invariant protective oxide film layer. The hiéhly polarized curved
portion'c-!. has a configuration which is often characteristic of a limiting
current. Over the entire span, a-c-L, it is assumed that tfie anodic film ,

" formation rate is balanced by the film dissolution rate because, as has pre-
viously been obsetved(” s the film thickness is independent of the extent of
polarization. Under the experimental conditions specified, it was noted

" that increasing temperature deci‘eased the film's resistance and the maximum

increased markedly with increasing temperature.

current depicted as 1 N

From the slopes of the resistive polarization sections of the curves of Fig. 1,
a plot of film resistance vs temperature may bé obtained as shown in Fig. 2. y
Tempefature d'epende_nce of the limiting current density, i‘. derived from
Fig. 1, and of the measured corrosion rate at OCV, 'icor' are displayed in
| Fig. 3. icor increases significantly at elevated temperatures (i.e., > 35°C) A
while i, maintains a linear relationship with temperature over the range of :

’ )
this study. . : g

Fig. 4 shows that the relationship between anode film thickness and tempera--
ture is nonlineay. The decrease of f£ilm thickness xo with increasing tempera-
ture may be associated with the fact that the solubility of LiOH, which com-
prises the major portion of the oxide film, increases with increasing tempera-

- ture (@) . Since the film thickness does not change with polatiutionu). it
seems reasonable to assume that the solubility of LiOH at various temperatures

4
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Plays the predominant role in determining the film thickness.,

Information on_the conductivity of the electrolyte as a function of tempera-
ture is required for analysis of the experimental data. This data is

presented in Fig. 5.

— . —-———

At okt ko ey,

LOCKHERD PALO ALTO RESEARCH LABORATORY

tocEnese messesss & seace tcomoane, mne.
APFOPRIID JIGPORIY PADEIADSIIAN




LMSC-D633746 el

. . - ,‘ o
& 5 e ;. : A ' IIT‘ ¢ '

| F / erpemazune De/osmwcc of .Co»wa::r\f 4 = f

L : . FeX L . E M LioH | .11‘]
o T A St T A O

! A

oo b e . L

L
: 1 i . §
) . : . .
" P _'
3 : - 1
. - ' T
017”— . . . : ) . A ;' ' . .g

).

-

(224

o, 500 —

-+ (-

O oo

2 200 L. L 1 1 ) !
/0 o E ¥ «<fo o éo !

. e v - ——————

.
PN




- a=f and the current efficiency of the anodic reaction is always soinewhat less

LMSC-D633746

DISCUSSION
In strongly alkaline solution, the dissolution of Li,. even when under
anodic polarization, consists of two competing processes — an electron-

producing electroéhemical .reaction as described by Eq. [1]
Li +OH T LiOH + e ~m
and a direct cor.ro.sion (parasi'tic) reaction as depicted by Eq. (2]
Li + H,0 ¥ LiOH + 1/2 né | (2]
Strictly speaking, the overall ‘corrosion reaction [2] is a couplinq of

1) with the cathodic reduction of H O at adJacent sites on the anode sur-
1
face. The nature of the local cell reactions has been reported previously. ( ).

Since the competing feactions ‘[1 & 2) ¢an occur at any polarization level
at anode sites, it is not reasonable tc; assume that temperature has iden-
tical impact on each. Indeed, Fig. 3 clearly illustrates the difference.
On one hand, at OCV where there is no external electron producing reaction,
the corrosion rate icor follows an Arrhenius exponential dependence. On
the other hand, when the qorrosion reaction is suppressed to a negligible
amount by pqlarizing the electrode, the rate of the electron-producing pro-
cess, iz. increases linearly with increasing temperature. Taking a typical
polarization curve, such as that at 55°C in Fig. 1, icor and iz repre’sent
the rates of Li dissolution at points a and £ respectively. During normal
operation of the Li-ﬂzo cell, the Li anode is p&lirized to a level between

than 100%. In an earlier paper, a rate equation for the general ‘case of
parasitic hydrogen evolution reaction at a polarized electrode was derived .
-naf (s-r-:c))

ill2 = 1¢:m: .xp( RT

(3]

wherxe 8 is the OCV of the Li at a given touperatms a, the tranlfot coef- i
ficient of H, e.r. on the Li surface = 0.14 (1), and the other terms bave
11
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their usual meaning. The current efficiency for the polarized Li anode is

-t

defined as

.t i R .
=T fe)
Hz »

where i represents the rate of anodic reaction. Using Eq.'[3] and the data

‘of Table I, and FiQ. 1, e(%) at different temperatures have been calculated

and are shown in Fig. 6 . Fig.6 also includes experimental results obtained

from the 52 rate measyrements. Although the two curves are not exactly
identical, the similarity in their shapes seems to support the validity

of the model which holds th?t the H2 e.r. is the rate-determining step in
the corrosion reactions of Li. It is also seen from this. figure that , with
sufficient polarization, near. to 100% current efficiency }s obtained. To
illustrate the temperature dependence of € (V) at various polarization levels,
Fig. 7 has been constructed. At elevated temperatures, i.e., T 255°C, € (%)
is generally degraded due to the very high parasitic reaction rate. Thus,
in order to operate the Li-H20 system efficiently at elevated temperatures,

a trade-off has to be taken in the form of additional polarization of the

anode to achieve acceptable faradaic efficiency. - -—- — — - - —_— -

Over the span of the active polarization region (curve a-c-% in Fig.l ),
steady-state conditions are observed. It is conceivable that in this region

a quasi-equilibrium state exists between active and inactive sites. A simpli-

- fied model of the system indicates that the fraction of active sites, 1 - eo'

may be related to the film thickness (80), the average conductivity (k),
film resistance (R), and the projected surface area (A) by the equation(3)
x .

-] .
1-e°-'nn (5]

where eo is the surface coverage by the oxide film. Coupling this equation
and data of Table I, enables calculation of (1 - Go) at various temperatures.
The results are listed in the last column of Table I. The decreasing trend
of (1 - qo)_with increasing temperature is an 1htriguing observation,

12

LOCKHEED PALO ALTO RESEARCH LABORATORY
LOCENMEND MissItES 4 SPACT COMPANTY, NC




.-

WC-L633749

LMS

z8o0°0 8100 - 09LE 16S £29°0

ss
8TT°0 Lz0°0 . oesT veEY 0vs°0 sv
oLT 0 Zv0°0 - . 2oL 9Lz . L9v°0 s€
€22°0 190°0 e 612 98€°0 sz
06z'0  o0seo 15z 8ET Z€€*0 8t
B ) R P 7 74 T B A N 9 ™
300, i X

S/WO Of = n pue eg pOT X 2°9 = & 3@ HOTT W S'b ur
we3shs OPH-TT oy3 Jo szejeweie Oyseg owos I OTARL

e e cmccia— . ce—mmt—— . . —ap e eema

SPACE cOmMPANY, INEC.
* PAIOADPEIING
RN PP IR g =N

LOCKMEED PALO ALTO RESEARCH LABORATORY




3C-D633°1C

Ln

Qe

QLo
TunIyivIdy —o- - -0—

ww,??nq?w&.\u..h. SrOINVA
Ly wausis Oy =77 M 77 Ao AoNIr2if19 Lntyens)




IMSC-DE€ 33736

e  Fa 7 Epreer of ANopic potamizaTiod oN  7THE
. carReNT  EFFrerenNey oF [ Li AT vARiecus TEMPERATURES

/o0




TR TN

L!iSC-D533746

because earlier investigation on the influence of LiOH concentration on the
fraction of the active sites re\geal.ed that (i - eo) decreases markedly with
increase in M LiOH, e.g., at 25°C,.(1 - Bo) ranged from 0.34 at 2.96 M to

0.05 at 4.84 M. Under steady-state conditiqns, the solubility of LiOH

governs the dynamic balance between oxide film formation and dissolution.

It seems reasonable to assume.that the rapid increase in the dissolution rate
of Li (see Pig;3) and its subsequent crystallization as LiOH on the electrode
surface at elevated temperatures far exceeds the rate of increase of golubility
of the salt as the temperaturé increases (4).' This then results in a higher
rate of film formation than dissolution. A puﬂlel effect of this imbalance
of rates is an increase in surface coverage at higher temperature, and this

is reflected in decrease in (1'- eo) . The implication of these observations

is the realization that the L;-uzo system is .inherently stable even at ele-
vated_ temperatures provided sufficient polarization is imposed on the anode.

S L W T R
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_ CONCLUSIONS
This study has shed further light on the observation éhat polarization of
the Hz evolution reaction at the Li surface 'is the rate-limiting process
rather. than the anodic dissolution reaction. The rate equation which has not
previously been tested for thé 82 e.r. at an anodically pol;rized
Li surface serves successfully to predict the current efficiency at various
temperatures. The investigation has also shown that, despite the fact

2
be sufficiently inhibited under anodic polarization to permit good current

that Li reacts rapidly with ﬁzo at elevated temperatures, the H_ e.r. can

efficiency to be obtained. The decreasing area of surface active sites
with increasing temperatures reaffirms the stability of the Li-ﬂzo system
in aqueous alkaline electrolytes. . .

17
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