AD-A110 331 HONEYWELL POWER SOURCES CENTER HORSHAM PA F/76 1073
HIGH EFFICIENCY LITHIUM=THIONYL CHLORIDE CELL.(U)
JAN 82 N DODDAPANENI DAAK20=-81-C=0381
UNCLASSIFIED DELET=-TR=81-0381-2 NL




‘__-r ‘ —

fllo 4
= i

TR
= n

22 flis ne




ADA110331

DELET-TR-82-0381-2 : '!
HIGH EFFICIENCY LITHIUM~THIONYL CHLORIDE CELL

Dr. N. Doddapaneni

Honeywell Power Sources Center
104 Rock Road

Horsham, PA 19044

January 1982

SECOND QUARTERLY for PERIOD 9 JULY 1981 - 8 OCTOBER 1981

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

Prepared for:
ELECTRONICS TECHNOLOGY AND DEVICES LABORATORY

DCASMA, PHILADELPHIA
P.0. BOX 7699
PHILADELPHIA, PA 19101

it

|
ERADCOM

US ARMY ELECTRONICS RESEARCH AND DEVELOPMENT COMMAND

FORT MONMOUTH, NEW JERSEY 07703

HISA-FM 195.7¢

NI W
LY o e Lo

e e L TY1




NOTICES

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or services
referenced herein.

Disposition

Destroy this report when it is no longer needed. Do not
return it to the originator.

HISA-FM-633-T3




Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)
TIONS
REPORT DOCUMENTATION PAGE BEF o CONPLETING FORM
[T, REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
DELET-TR-81-0381-2 42ﬁ '524/17 ﬁiéil
4. TITLE cand Subtitle) 5. _TYPE OF REPORT a’pzmoo COVERED

P T N

7-9-81 to 10-8-81

) High Efffciency Lithium-Thionyl Chloride Cell S FERFORMING ORG. REFORT NUMBER
#2

7. AUTHOR(S) 8. CONTRACT OR GRANT NUMBER(a)
N. Doddapaneni ' [ DAAK20-81-C~0381

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10, ::g2R’Ag°Eﬂl.kins:lff.Nﬂui:‘OdlEERCsT. TASK
Honeywell Power Sources Center
104 Rock Road .. 1L162705AH94-11-211

Horsham, Pa. 19044
11, CONTROLLING OFFICE NAME AND ADDRESS 2. REPORT DATE
U.S. Army Elct Tech & Dves Laboratory January 1982
ATTN: DELET-PR 3. NUMBER OF PAGES
Fort Monmouth, NJ 07703 29

| L) MONI TORING AGENCY NAME & ADORESS(i! different from Controlling Office) 1S. SECURITY CLASS. (of thia report)
DCASMA, Philadelphia Unclassified

P.0. Box 7699
Philadelphia, Pa. 19101 [ %a. ?g&gﬁguﬂowoowncnomc

[76. OI§TRIBUTION STATEMENT (of this Report) - t
Approved for Public Release;

Distribution Unlimited 1

17. DISTRIBUTION STATEMENT (of the sbatract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS {Continue on reverse side if necessary and identily by block number)

. . "-\JI\-A~ A eie e

Thionyl chloride, lithium, high discharge rates, low temperatures,
catalysis, cyclic voltammetry )

., AGSTRACT (Continue on reverse side I{ necessary and identify by bdlack number)

1 Cathode polarization and discharge performance studies at -20 .and -40°F

o showed that the limiting currents of Li/SOCl:' cells decreased linearly with
i reciprocal temperature and an Arrhenius temperature dependeng’e of limiting
; current was not observed between the temperatures -40 and 75 F. ‘

Systematic evaluation of cathode varifables such as carbon substrate,
thickness and density on the cathode performance was carried out at 0°F

DD /5%y 1473  ecimion oF 1 nov ¢5 18 ossOLETE Lf1ed

. SECURITY CLASSIFICATION OF THIS PAGE (When Date Enterer

e — - e e e e o e e -{/0,?-4. LT

e s - . e

3 "w R




[ S

Uncl
/ SECURITY CLASSIFICATION OF THIS PAGE(When Date Batered)

— _ and 75°F. Significant improvements in both cathode polarization and
performance were achieved with catalyzed cathodes containing 5% Teflon
) binder.

e O bt s e

13

Unclassified

SECURITY CLASSIFICATION OF TMIS PAGR(When Date Entered) o
e ._.,....... ‘ S — pupeanne s B




TABLE OF CONTENTS

INTRODUCTION

EVALUATION OF CATHODE OVERPOTENTIAL

A. Laboratory Cell Measurements

1. Experimental

2. Half-Cell Measurements

3. Discharge Characteristics
B. Kinetic and Mechanistic Studies

CATHODE PERFORMANCE IMPROVEMENTS

A. Introduction
1.
2.
3.

Carbon Substrates
Cathode Thickness
Cathode Density

Evaluation of Cathode Performance

1.
2.

Introduction
Discharge Performance

Page

CHLNE Fr 4 0L AN M AT ) e R

SUMMARY AND FUTURE WORK

REFERENCES N
DTIC 7T4iB
UnanHGHHCﬂﬁ
Justific -+,
:

— .

By .
Dif.;ztl‘i‘j ot '
Avail -
=

[

Digt

’i"f?s“m For
NTIS Gnagr




'J-.-.-..-'.....l'l...-.-.-....llllllllIl'l..--................-.....r,1.‘

LIST OF FIGURES
Page
1. Polarization Characteristics of Li/SOCl, Cells at -20°F. 4 ‘
E 2. Polarization Characteristics of Li/SOCl, Cells at -40°F. 5 }
3. Effect of Operating Temperature on Laboratory Li/SOCl
Cell Limiting Current 6
4. Effect of Operating Temperature on Ln of Cell Limiting
Currect Density ' 7
Discharge Characteristics of Li/SOCl, Cells at 5 mA/cm?
and -40°F. 8
Discharge Performgnce of Laboratory Li/S0Cly Cells at
15 mA/cm® and -40°F. 10
Discharge Characteristics of Li/S0Clz Cells at 20 mA/ cm?
and -20°F. 11
Flow Diagram of Cathode Fabrication Process 14
Effect of Teflon Content on the Cathode Density 15 '
Effect of Cathode Variables (Teflon Content) on the
Discharge Performance of Li/SOCl; Cells with 1.5M LiAlCl./
SOC1. Electrolyte (50% Compressed Grade Shawinigan
Acetylene Black Substrate) 17
Effect of Cathode Variable (Teflon Binder Content) on the
Discharge Performance of Li/SOCl; Cells with 1.5M LiAlCl./
SOCl; Electrolyte (100Z Compressed Grade Shawinigan
Acetylene Black Substrate) 18
Effect of Cathode Variables on the Discharge Performance
of L1/S0Clz Cells with 1.5M LiAlCl,/SOCl, Electrolyte .
|52 (CoPe) | Doped 100% SAB Substrate] 19

Effect of Cathode Variables on the Discharge Performance
of L1/S0Cl; with 1.5M LiA1C1./SOCl; Electrolyte (A Comparison

of Cathodes Fabricated with Different Substrates) 21

Effect of Cathode Variables on Voltage of Li/SOCl: Cells ﬂ
wigh 1.5M LfA1C1./SOCl; Electrolyte at 10 mA/cm® and

75°F. 22

Effect of CAthode Variables on the Discharge Performance of
Li/S0Cl. Cells gith 1.5M LiAlC1./SOCl, Electrolyte at
10 mA/cm?® and O°F. 23

Effect of Cathode Variables on Voltage of L1/SOCl; Cells
with 1.5M L1A1Cl./SOCl; Electrolyte at 10 mA/cm® and O F. 2




ABSTRACT

Cathode polarization and discharge performance studies at -20 and ~40°F
showed that the limiting currents of L1/SOCl; cells decreased linearly
with reciprocal temperature and an Arrhenius temperature dependence

of limiting current was not observed between the temperatures ~40 and

75°F.

Systematic evaluation of cathode variablea such as carbon substrate,
thickness and density on the cathode performance was carried out at
0°F and 75°F. Significant improvements in both cathode polarization
and performance were achieved with catalyzed cathodes containing 5%

Teflon binder.
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I. INTRODUCTION

The Li/SOCl. system (l~4) has the potential to be one of the best primary
batteries having combined characteristics of high rate and high energy density

capability, long shelf-life and wide operating temperature range. However, many
of these advantages have not been fully derived. The operating capabilities of ;
Li/S0Cl, batteries are limited, to a large extent, by the Teflon bonded porous 5
carbon electrode commonly used as a cathode. Cell failure at high discharge i
rates and/or low operating temperatures has, as one of its main causes, the high ]
cathodic overpotential resulting from non-uniform current distribution over the

porous electrode.

The porous carbon cathode, where the reduction of SOCl: occurs, has a limited

capacity for retaining solid lithium chloride as it precipitates in the pore
structure. As the lithium chloride accumulates, the porosity of the electrode
is reduced to where mass transport, particularly of the cathode depolarizer, can
no longer be maintained at a rate sufficient to support the required current
density. When this happens, polarization becomes excessive and denotes the end
of useful battery life.

At high rate discharges and low operating temperatures, the cathode polarization
problem becomes very severe. Analysis of the porous electrode shows that, at
high rate discharges, only a small part of the available surface participates in
the electrochemical process.

Cathode polarization and the reaction zone thickness strongly depend on electrode
reactions, cathode thickness and composition. Minim{zation of the effects of these
variables on overpotential is essential in order for Li/SOCl. batteries to be viable
electrochemical devices for many of the high rate/low temperature applicationms.

The objectives of this program, therefore, are to:

a) Evaluate the polarization characteristics of Teflon-bonded porous

carbon cathodes.

b) Improve cathode performance at high discharge rates and low operating
temperatures.
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Polarization characteristics will be determined as a function of cathode
thickness, composition and density, applied current density and temperature
(-40°F to 75°F). Several experimental techniques such as half-cell measurements,
discharge performance characteristics, impedance measurements, and crclic
voltammetry studies will be emploved to evaluate the extent of each variatle's

contribution to the cathode polarization.

Improvement in cathode performance will be made by the use of electrocatalysis.

Three catalysts to be employed in this program (5) have shown marked improvements
*

in both cell voltage and cathode capacity. They are ,

Catalyst A = Cobalt Phthalocyanine monomer, CoPc
Catalyst B = Iron Phthalocyanine monomer, FePc
Catalyst C = Polymeric Cobalt Phthalocyanine, (CoPc)n

During the first quarter of this program, we examined:

a) The overpotential of cathodes with and without Catalyst B and Catalyst C, K
over a temperature range of -40 to 75°F,

b) The effects of catalysts and temperatures on cyclic voltammograms in LiAlCl./
SOCl: electrolyte solutions.

¢) The effects of operating temperatures (=40 to 75°F) on the conductivity and
viscosity of the electrolyte solutions (LiA1C1,/SOClj;).

During this reporting period, we have completed the overpotential measurements
at -20 and -40°F on our present baseline cathodes with and without catalysts.
These cathodes contained 5% Teflon binder and had a thickness of 0.020 inch.
Furthermore, we have systematically evaluated the effect of cathode thickness,
amount of Teflon binder and cathode substrates, on the cathode performance. The
two types of carbon substrates examined were:

a) 50% compressed grade Shawinigan Acetylene Black (507% SAB), and
b) 100% Compressed grade Shawinigan Acetyleme Black (100X SAB).

In addition, the effect of catalyst doping in 100Z SAB was evaluated.

*# Patents pending




II. EVALUATION OF CATHODE OVERPOTENTIAL
A LABORATORY CELL MEASUREMENTS
i. Experimentai
The laboratory cell design and the description of cell components used in the
evaluation of cathode overpotential presented here are described in the first

quarterly report (6).

2. Half-Cell Measurements

The effect of operating the Li/SOCl; cells at -20 and -40°F on the cathode
overpotential was examined. In addition, the effect of catalyst doping f%e?c
and (CoPc)nJ on the cathode polarization was evaluated. The potential éé-
pendence of the current was determined by measuring the steady-state potential

versus the lithium reference electrode at various controlled currents.

The polarization characteristics of three electrodes (one baseline and two

catalyst doped) were examined at operating temperatures of -20 and -40°F and

the results were plotted in Figures 1 and 2, respectively. Electrolyte insoluble
(CoPc)n catalyst doping was achieved by impregnating the catalyst onto 1007 SAE

from a concentrated H,SO4 solution whereas FePc doping was carried out by dissolving
it in the electrolyte before Li/SOCl. cells with baseline cathodes were activated.
The cathode density and surface area for baseline cathodes and FePc doped cathodes
in 11/SOCl; were, therefore, equal. However, only a slight difference in cathode
density and surface were observed with (Co?c)n doped cathodes when compared to the
baseline cathode.

Catalyzed cathodes reduced the cathode polarization significantly. This effect

was anticipated and the activation polarization associated with SOCl, adsorption and
electron transfer processes was minimized by electrocatalytic reduction of SOCl,.
However, the electrode polarization increases as the operating temperature
decreases. And also, Li/SOCl, cell limiting current decreases with decreasing
temperatures. The relationships between the limiting current, limiting current

density and operating temperatures were plotted in Figures 3 and 4, respectively.
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A linear relationship between limiting current and reciprocal temperature

(Figure 3) exists for all three types of cathodes. It is interesting to note

that a similar relationship between electrolyte conductivity and reciprocal
temperature exists as reported in the first quarterly report. An Arrhenius-type
tamperature dependency of limiting current was not observed as snown in Fizure 4.
As the temperature decreases, the slope of the curve increases indicative of
changes in the mass transport rates. Beside mass transport problems of cathode
depolarizer, electrochemical product adsorption on the carbon surface and glass mat
separator porosity coantribute to the lowering of Li/SOCl; limiting current at low
operating temperatures.

3. Discharge Characteristics

Discharge performance of Li/SOCl. cells at -20 and -40°F were studied. Cells
were activated at room temperature and then cooled to appropriate temperatures.
During cooling period, the cells were kept under a constant current load of

0.2 mA/cm?® in order to avoid passivation problems.

In Figure 5, the discharge characteristics corresponding to current density of

20 mA/cm? in Li/SOCl; cells using three different cathodes were compared. Cathode
performance at 5 and 10 mA/cm? at ~20°F was reported in (6). A significant cathode
polarization is observed without catalyst at 20 mA/cm® rate.

At operating temperature of -40°F, the Li/S0Cl: cells with baseline cathodes cannot
support a discharge current density of 20 mA/cm® for more than a few minutes. For
this reason, the cells were discharged at 5 and 15 mA/cm®. Dramatic improvements
in cathode performance and cell voltage were obtained with catalyzed cathodes as

shown in Figures 6 and 7.
B. KINETIC AND MECHANISTIC STUDIES

Cyclic voltammetric and rotating disc electrode studies in 1.0M LiAlCl./SOCl.
solution at various cathode surfaces were continued. Initial results obtained

with rotating disc electrode (glassy carbon) showed problems with reproducibility.
Therefore, it is planned to employ pressure annealed pyrolytic graphite and platinum
as rotating disc electrodes. Presently these electrodes are being fabricated and

further studies will be made in the next quarter.

TR
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III. CATHODE PERFORMANCE IMPROVEMENTS

A. INTRODUCTION

The electrochemical reduction of thionyl chloride takes place at the cathode
surface and the reduction rate {s known to depend strongly onr the cathode
material. The widely accepted cathode reaction

SOCl, + 2¢ —~~ 2 Cl™ + SO

proceeds smoothly at low rates upon various metals and non-metals, but it has
been found that high rates can be achieved only by using carbon black substrates
doped with or without electrocatalysts (5). Properties such as surface area,
particle size, density, conductivity, etc., of the carbon influence, to a varying
degree, its ability to enhance the rate of SOCl. reduction.

Cathode polarization and the electrochemical reaction zone thickness strongly
depend on electrode reactions, cathode thickness and composition. Minimization of
the effects of these variables on cathode polarization and performance are
essential in order for Li/SOCl, batteries to be viable electrochemical devices

for many of the high rate/low temperature applications. Therefore, during this
reporting period, three cathode variables were studied to optimize the cathode
performance. They are:

1) Carbon substrates
2) Cathode thickness

3) Cathode density

1. Carbon Substrates

Since it is known that acetylene black carbons catalyze the SOCl, reduction
better than any other carbon reported in the literature, we examined both 507
and 1002 compressed grade Shawinigan acetylene blacks (SAB) for their effect
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on cathode performance. In addition, the catalytic effect of (CoPc)n and FePc

ey

catalysts were examined. These catalysts were doped only on 100% SAB because

of its superior performance observed over 307% SAB. The catalvst doring method

was described elsewhere(6).

2. Cathode Thickness

.+ G

At high discharge rates, only a small part of the available cathode surface
participates in the electrochemical SOCl; reduction process at porous teflonated
carbon cathodes. This part of the electrode structure is often referred to as
the reaction zone. The reaction zone thickness is influenced by both kinetics
and mechanism of electrochemical reduction. In addition, cathode thickness
effects the reaction zone (depth of penetration). Therefore, the effect of
cathode thickness on both voltage and performance of cathode were studied.
Cathodes of thickness, 0.010, 0.015, 0.020, 0.030 and 0.040 inches

were fabricated for each substrate described above. The standard cathode

fabrication process was summarized in Figure 8.

3. Cathode Density

The cathode in the Li/SOCl. system uses porous teflonated carbon electrodes.

The amount of Teflon binder influences the cathode density, conductivity,
surface area, etc. Therefore, in order to optimize the Teflon amount on

these physical properties which influence the cathode performance, cathodes were
fabricated containing 5, 10 and 15% by weight Teflon binder. In Figure 9,
cathode density dependence on the Teflon content was plotted for three different
carbon substrates. Approximately 202 increase in cathode density is observed
with 1002 SAB compared to that of cathode with 502 SAB substrate. The drop in
density with 5% (CoPc)n doped 100 SAB might be due to porosity created during
heat treatment at 550 - 600°C.

13
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B. EVALUATION OF CATHODE PERFORMANCE

I. Introduction

Cathode performance was evaluated by discharging laboratory Li/SOCl. cells }
at a fixed 10 mA/cm® current rate. The effect of cathode substrate, thickness :
and density, and the temperature on the discharge performance were examined.
Performance evaluation of two operating temperatures (0°F and 75°C) was ;
carried out during the reporting period. All cells were activated at ambient
temperature and cooled to appropriate temperature with a constant current

load equivalent to 0.2 mA/cm?® to avoid passivation problems associated with Li/SOCl:
system. All experiments were duplicated and if a variation was found, it was
repeated until reproduciable results were obtained. A total of 40 cathodes

were fabricated and evaluated.

2. Discharge Performance

Discharge characteristics were studied in our standard laboratory cell fixture.
Cells were discharged with a constant current load equivalent to 10 mA/cm? using

a Hewlett-Packard DC current source (#6181B). In order to maintain identical
experimental conditions, cells containing cathodes of constant density were built
and discharged together for every operating temperature. For example, cathodes
having thicknesses of 0.010, 0.015, 0.020, 0.030 and 0.040 inches, fabricated from
a carbon mix containing 5% Teflon binder and 50X SAB, were evaluated in duplicate
together at 0°F. This procedure maintained a constant cooling time and exposed

the cells to the same fluctuations in temperature and discharge rate.

In Figures 10 - 12, the effect of cathode density on the discharge performance of
cathodes fabricated from 50% SAB, 100X SAB and 5% (CoPc)n doped 1002 SAB were given,
respectively. No significant change in performance was observed (Figure 10) with
50% compressed grade Shawinigan acetylene black cathode substrate containing

5 = 15% Teflon binder. However, cathodes fabricated with 100% SAB with and without
(CoPc)n catalyst showed best performance with 5% Teflon binder (Figures !l and 12).

Similar behavior was observed for FePc catalyzed cathodes.

16
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The discharge performance of cathodes fabricated from various substrates was
compared in Figure 13. All the cathodes contained 5% Teflon binder and the
cells were discharged at ambient temperature with a constant current load
equivalent to 10 madiem™. Signirficant performance improvements were achicwved
witn catalyzed cathodes. as the cathode thickness increases, the improvement
in cathode performance increases with catalyzed cathodes. However, the slope

decreases with cathode thickness regardless of cathode substrate.

In Figure 14, the cell voltage at 507 depth-of-discharge with respect to cathode cell
thickness was compared for the cells described in Figure 13. The cell voltage
remained coustant for cathodes containing 50% SAB whereas all other increased with
cathode thickness. Dramatic voltage improvements were achieved with FePc

catalyzed cathodes.

Low temperature (OOF) performance of cells described in Figure 13 was given in
Figures 15 and 16. In general, lowering the temperature resulted in a decrease
in electrochemical cell performance irrespective of cathode thickness and cathode
substrate (Figure 15). However, with the uncatalyzed cathodes, the cell voltage
improved significantly (Figure 16) with cathode thickness. Furthermore, the

cell voltage of (CoPc)n catalyzed cathodes exhibited a lesser decrease. This can
be seen when both Figures 14 and 16 are compared. The significance of this ob-
servation will be better understood when the performance is evaluated at -20 and
~40°F,
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IV. SUMMARY AND FUTURE WORK

Polarization and discharge performance characteristic of our best baseline

cathodes with and without catalvsts such as (CoPc)n and Fe?c were studied at
N cperating temperatures of -20 and -40°F. Both cathode overpotential and per-

formance were affected by the operating temperature and a linear relatiomship

< between cell limiting currents and reciprocal temperature was observed.

The effect of cathode substrate material, thickness and density on discharge
performance were evaluated at 0°F and 75°F. It was found that 100% compressed
grade Shawinigan acetylene black (SAB) is superior to 50% SAB. Furthermore,

catalyzed cathodes improved both cell voltage and cathode performance.
Irrespective of cathode substrate material, the cathodes containing 5% Teflon
binder performed better.

During the next quarter, effect of cathode variables on discharge performance
will be evaluated at -20 and -40°F. Kinetic and mechanistic studies of SOCla
reduction will be continued. Impedance measurements will be made on best

cathodes selected after our cathode variable study.
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