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[. Introduction

The Li/SCClJ inorganic electrolyte system (1~4] is the highest
energy density system known to date. It consists of a Li anode, a carbon
cathode and S(;Cl§_ which acts both as a solvent and as a cathode active
material. The electrolyte salt that has been used most extensively is
LIAICI{, but salts such as Li3B/3,Cly (6) and LifC(AIC1S); (6) have also
been used successfully in this system for improving the shelf life character-

istics.

The main objective of this program is to develop high rate Li/SCClé
cells and batteries for portable applications of the U. S. Army. The cells
and batteries must deliver high energy densities than are presently available

and must be safe to handle under U. S. Army field conditions. i

We carried out a detailed development (7) on the sptrall’,l/—wound\htg\h
rate D cells in order to establish their performance capabilities as well as to
identify and correct the limitations in their performance and safety under
various use and abuse conditions. Substantial progress was made to correct
the cell limitations. We found that the state-of-the-art spirally-wound D
cells approach the high rate requirements of the various U. S. Army applica-
tions more closely than do any other cell designs at the present time. Accordingly
we have used this spirally-wound D cell as a starting point and have improved
its rate capability to meet the requirements of two specific applications, viz.
the BAS5590 Battery for Man Pack Radio and the Battery for the GLLD Laser

Designator.

We concentrated our effort on the development of the spirally-wound
ultra-high rate D cell during the first two quarters, in order to determine whether
it will be possible to meet the performance requirements of the GLLD laser
designators. The results obtained during the second quarter indicate that the
high rate D cells are capable of delivering as high as eighteen (18) bursts
compared to the three (3) bursts realized from the presently used Ni/Cd batteries.
The advantage of using the D cells, as opposed to a flat cell, is that the D cells




can be readily manufactured at our lithium battery manufacturing plant with
very slight modification of the existing manufacturing process used for manu-
facturing the spirally wound LI/SO2 D cells. The results obtained to date are
highly encouraging and we are continuing to improve the LL/SCCIZ D cells so
that it can meet a variety of high rate requirements including the GLLD laser

designator application.

During the third gquarter we primarily concentrated our effort on the de-
velopment of the three inch diameter flat cell for the GLLD Laser Designator
Battery. We initiated the procurement of parts during the first quarter. The detail
designing of the flat cell and the parts and the design and fabrication of tooling
needed to make the parts and the cell have been mostly completed during the
third quarter. We have developed two types of flat cell structures; one is
0.45 inch thick and the other one is 0.90 inch thick. The packaging efficiency
of the battery with 0.9 inch thick cell is significantly higher than that with the
0.45 inch thick cell since it requires 8 cells/battery instead of 16 cells/battery.
The construction and the performance characteristics of both types of flat cells

are described in this report.

During the first two quarters we examined the cell reaction mechanisms
using cyclic voltammetry. The information obtained from this study indicated
several approaches for improving the performance and the safety of the Li/SCCl,
cells. We evaluated the efficacy of these approaches in spirally wound I cells.

These will be discussed in this report.




II. The Development of Flat Cylindrical Cell

The high surface area to volume ratio of the flat cylindrical cell en-
hances the heat dissipation of the cell from its surface to the environment and
as such is a better configuration from the safety standpoint. However, this is
true in the case of single cells only. In the case of multicell battery, the
individual cells may be potted in such a manner that they may be thermally
insulated from the environment and the heat dissipation may be rather in-
significant., Therefore, reliance on heat dissipation of cells for safety is un-
sound. For this reason, we have attempted to achieve,

(@) low heat generation

(b) high internal thermal equilibration
in the design of our flat cells. In this manner, the cells will be safe when
used either as single cells or as multicell batteries. The design objective is to
balance the total heat generation during the high current pulses with the total
thermal mass of the battery such that the internal temperature of the cells does
not exceed the upper limit ot the safe temperature. We determined this
temperature (7) by doing DTA of the cell constituents and found that the lowest
temperature of initiation of an exothermic reaction is 150°C for the Li + 5
combination. S is a reaction product of the cell. This exothermic reaction may
initiate a thermal runaway. Therefore, the internal temperature of the cell should
be kept below that. Arbitrarily, we chose an upper limit ¢ *he safe temperature
of 130°C. In addition, we developed a safety vent for thes. >t cells so that
on accidental short circuiting or force-discharge, the cells will vent prior to

reaching the above temperatures.

We have developed two types of flat cells, both are 3 inch in diameter.
One is 0.45 inch thick. Sixteen of these cells, connected two in paralle!l and
8 in series, are required for one GLLD laser designator battery. A sketch of the
battery pack with sixteen 0.45 inch flat cells is shown in Fig. 1. The other flat
cell is approximately 0.90 inch thick and it requires eight cells per battery as

shown in Fig. 2.




The specifications for the above battery are as follows:

Dimension: 2.82" x 3.758" x 9,30"

Voltage: Nominal 24V
Maximum (GCV) 32V
Average 24V
End Voltage 20V

Duty: 17.5A for 35.5 m.sec. followed by 1.8A for 14.5 m.
sec. and the cycle continues for 3 minutes. This
constitutes one burst. This 3 minute cycle occurs

every 30 minutes.
The presently used Ni/Cd batteries provide 3 bursts per charge.

The details of the design, construction and the performance of
the two types of flat cells that we have developed for the above battery are

described here.

A. Thin Flat Cell (0.45 inch)

We initiated the design and the procurement of parts for this
cell during the first gquarter and completed a substantial portion of these
activities. All the tooling, jigs and fixtures required to fabricate the various
cell parts and to assemble the electrode stack has been completed during the
third quarter. In view of the encouraging results obtained from the spirally
wound D cells, we temporarily discontinued the development of this cell during
the second quarter in favor of the continuing improvement of the D cell. We
refocussed our attention on the development of the flat cell during the third

quarter.

1. Experimental

Cell Can: The specifications of the stainless steel can
which is 3 inch in diameter and 0.45 inch high are shown in Fig. 3. The procure-
ment of this can has been completed during the first quarter. The cans received

from the vendor were found to be within the specification.




Cell Top: The design of the cover of the cell is shown
schematically in Fig., 4. The stainless steel cover which has an interference
fit with the cell can shown in Fig. 3, was also procured from an outside vendor

and the parts were found to be acceptable based on the tolerances specified.

The glass-to-metal seal loacted on the cell top consists
of an outer metallic rang and a central post both of which were custom made by
outside vendors. The glass pretorms were also orocured from outside vendor. A
graphite boat with multiple cavity was designed and fabricated to make the glass-
to-metal seals. A multi-zoned guartz tube furnace was used for the firing and
annealing of the glass-to-metal seals. The optimization of the seal making

process has been completed during the third juarter.

A punching tool has been designed and fabricated to

punch out holes on the cover for the seal and the electrolyte fill port.

The electrolyte fill port tube, as shown in Fig. 4, was

also procured from an outside vendor.

The glass-to-metal seal was resistance welded to the
cover. The welding step was found to be juite critical in obtaining hermetic
welds. The design of the metal seal body, the location and the contour of
the projection on the seal body, all played an important role in accomplishing

rugged hermetic welds. The process has been developed during the third quarter.

The resistance welding of the electiolyte fill tube to the
cell top was found to be fairly straight forward.

Welding of Cell Top to Can: We designed and fabricated

elaborate heat sinking fixtures for TIG welding the top to the can. The elaborate
heat-sinking was needed to prevent excessive internal heating of the cell

which may have undesirable effects on the electrode materials. The welding
process was developed during the first quarter but it was perfected during the

third quarter.




k| The Cell: Circular donut shaped anodes and cathodes
and glass filter paper separators were used to make this cell. The cross-
sectional view of the cell and the electrode stack is schematically represented

in Fig. S.

q "
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The current collector design chosen for the cathode was
#6 shown in Fig. 6. This had the highest short circuit current density of all the
designs (as shown in Table 3) based on the results from the demountable cell s

discussed in the first quarterly report (8).

ha The electrical conductivity of the lithium anode was suf-
3
ficiently high so that no current collector was needed. Disc shaped Li anodes

! were welded directly to the feed through.

The glass filter paper separators used to make the cell
was found to be rather fragile. The successful assembly of the electrode stack
required extensive fixturing and special handling procedures to prevent internal
: shorting, The cell contained eight cathodes and nine anodes. The diameter of
the cathode was approximately 2.8 inch. Therefore, the total effective cathode
area, using both sides, was approximately 70 cmz/per cathode with a total of
560 cmz. This corresponds to a current density of 31 mA/cm2 on 17.5 A load.
The carbon cathode was approximately 0.015 inch thick and the Li anode was
1 0.010 inch thick. The glass filter paper separator was nominally 0.005 inch

thick. Two layers of the separators were used to prevent shorting.
The photograph of a cell is shown in Fig. 7.

The cell was evacuated through the fill port and then
filled with 1.8M LLAlCl4-SOCIZ electrolyte and the fill port was closed by
welding. The electrolyte weight was approximately 44 gms.




2. Results and Discussion

i? The cell was tested at 25°C under the GLLD laser designator
duty cycle involving 17, 5A pulse as described earlier. Although, two cells

will be used in parallel in the actual battery and as such the single cell will
experience only half the load, we tested the single cell on the full load of 17.5A
because of the inflexibility of the test equipment. The cell voltage on the two
loads, viz 17.5A for 35.5 m.sec and 1. 8A for 14.5 m. sec were monitored during
the three minute duty cycle. The results are shown in Fig. 8. The voltage
profiles are shown for each three minute bursts and the results are plotted as

a function of the number of bursts instead of as a function of time. Each burst

occurs every 27 minutes.

The cell showed some voltage-delay on the first cycle., The
cell polarization on 17, 5A load was found to be rather severe, although the
operating voltage at 17, 5A remained above 2.5 volt most of the time. In order
to meet the end voltage of 20 volt for the whole battery, the single cell voltage
must be 2.5 volt. Considering the fact that the cell was subjected to twice
the required load, the operating cell voltage was considered to be guite
satisfactory. The cell delivered 8 bursts above 2.0 volt. With two cells in
parallel, one may expect at least 16 bursts or possibly more. With two D Cells
in parallel, we realized about 17 bursts above 2.5 volt. Therefore, this flat

cell did not provide any significant improvement over the D cells.

B. Thick Flat Cell (0.90 inch)

In this design, the flat cell is not only twice as thick as the
previous one, but the welding lip is located halfway between the two faces of
the cell., Essentially, the cell can comes in two halves of equal thickness.
The volume not utilized by the active ingredients because of the welding projection
is significantly less than that in the previous design. Also, the space wasted

due to intercell connections is minimized by reducing the number of cells, although !

the thickness of the stainless steel wall of the can was increased from 0,019

inch to 0.032 inch in this design in order to make the cell more rugged




r—-—-——-—'"'—"——'—""—“"""

and capable of withstanding high pressures without bulging or rupturing.
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i 1. Experimental

A substantial fraction of our effort during the third quarter
has been directed to developing methods for fabrication and assembly of this
flat cell. In contrast to our relatively well developed spirally wound cell

[. technology, there were many problem areas in which difficulties have had to

be overcome.

Cell Can: The flat cell can is of two piece construction,

consisting of a cell top and bottom., Both parts are constructed of 0,032"
stainless steel., The details of the cell top is shown in Fig. 9. It incorporates
a fill tube which is internally welded and a G/M seal which is joined to the top
by resistance welding. The cell can bottom details are shown in Fig. 10, It

incorporates the low pressure vent which is TIG welded to the can.

Cathode: The tlat cell cathode is made up of a carbon-
PTFE blend (90-10%) which is pasted on an expanded metal grid, rolled to the
desired thickness and cured. The cathodes are then cut to shape as shown in

Fig. 11 with a die.

Anode: The flat cell anode is a circular disc of 0.005"

Li foil, cut to size with a die.

The Cell: The electrode stack is assembled in a five pronged
fixture shown in Fig. 12 which indexes the anode, cathode and separator with
proper offset for the cathode current collector. The assembly order incorporates

an expanded metal washer above and below each anode disc, as shown in Fig.

13. The electrode stack is terminated by a double anode and separator at each

end to give better heat transmission. The assembled electrode stack is tested ’

1 for short circuits to the can. A hollow threaded bolt is inserted on the center




of the stack and a nut is screwed down of the exmet washers to assure good
anode contact, The finished cell stack has an appearance similar to that

shown in Fig. 14,

The hollow bolt is then topped with a plug of Li and
pressed onto the anode center post, extruding tne Li plug to give a positive
anode contact (Fig. 15), The cell top and bottom are now fitted together with
the ends of the cathode current collector tabs protruding. The tabs are trimmed

with scissors and the cell is closed by TIG welding the rim.

The cell is tested for internal short circuits using an
ohmmeter and evacuated to 0.2 mm Lg. The cell is then filled with 1.8M
L'LAlCl4/SCC12 electrolyte using vacuum in the cell to provide suction. The
I cell resistance is monitorea auring evacuation and voltage is monitored during

filling as a precautionary measure.

The cells were tested on GLLD laser designator duty

cycle at 25°C,

A photograph of the finished cell is shown in Fig, 16,

2. Results and Discussion

Cne cell contained 40 cathodes and 41 anodes. The electrode
stack was subjected to extensive compressive force and mechanical shock after

the assembly in order to check the integrity of the separator. Improperly

assembled electrode stack will show internal shorting under such tests. The
electrode stacks which survive such high compressive and mechanical shocks
were selected for the final welaing and filling with electrolyte. This cell con-

tained 75 gm of 1.8M LiAICl4-SCCl;, electrolyte.

The voltage of the cell on both the 17, 5A load and on the
1.8A load (as per the duty cycle) are shown in Fig. 17. Note that on increasing
the load from 1.8A to 17, 5A, the cell voltagd drops from 3,4V to 3.35 volt, a
polarization of only 50 mV. This is a major accomplishment in the design of

the high rate cell. This demonstrates the efficacy of the electrode designs in
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terms Ot the current collector design and the electrode separation on the rate
capability of the cells. Cclls delivered 18 bursts, at which point the cell
voltage on 17.5A was still above 3.0 volt, The cell was shut off at this stage
because of the malfunctioning of our test equipment. Later on, the vend lid of
the cell fell off because of the mishandling resulting from an unrelated experiment
that was going on nearby. In spite of this, the result was very impressive.

The maximum temperature of the cell was found to be less than 29°C. This low
temperature rise is expected in view of the low cell polarization. The low heat
generation du ing the high current pulse is one of our major design objectives

that we have accomplished by this flat cell.

Another flat cell had 35 cathodes and 36 anodes. This cell
was also tested under the GLLD laser designator duty cycle. The voltage
profiles on the three minute bursts are shown in Fig. 18. Exceedingly low
cell polarization on high current pulse is again noted. The maximum cell
temperature was again less than 29°C. The cell delivered 26 bursts at which
point, the cell voltage on 17, 5A pulse was still 3.0 volt. The cell was auto-
matically shut off at this stage. This represents a 44% improvement in terms
of the number of bursts obtained over that obtained from two D cells in parallel.

The capacity corresponding to the 26 bursts is 16.9 A. Hr.

The cell was abused after the above test by force-discharging
at 2A. The cell delivered another 2.2 A.Hr to 2.0 volt. On cell reversal, the

cell temperature rose to 49°C at which point the cell vented.
C. Conclusions

The performance of the thick flat cell met most of our design
objectives. We plan to continue optimizing the cell further for increased

abuse resistance.
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III. The Cell Reaction Mechanism and Its Implication

On Cell Performance and Safety

We carried out cyclic voltammetric, coulometric and spectroscopic
studies during the first and the second quarters (9) in an effort to gain increased
understanding of the cell reaction mechanisms with the hope that this will be
useful in finding ways to improve both the performance and the abuse resistance

of the cell. We discovered that

(a) there was an apparent depletion and subsequent regeneration
of 80012 during the potentiostatic electrochemical reduction of
SOCl,,
and (b) the absence of both S and SC, immediately after the reduction
of SOCIZ; and these are generated gradually after the reduction.

We proposed the following cell reaction mechanism in order to explain
the above.

The reduction of SOCI; involves two successive one electron steps to

generate SO,

SOCl; + ¢ —> SOCl + CI” (1)
SOCl + e —3p SO + CI" L2]

At the early stages of discharge, in presence of excess SOCIZ, SO combines with
SCCl; to form an intermediate

SO + 8OCl; —3  S0+sCCl, (3]

The intermediate species SO-SOCI2 slowly decomposes to form S(‘-Clz. As the
electrolysis progresses the concentration of SO increases and the dimerization

and polymerization of SO is favored.
280 —_— (0), [4)

nSO — (SO, 51




We had some spectroscopic and cyclic voltammetric evidence (9) in favor

of the formation of the dimer or polymer. These dimers and polymers are

e T G T T A=

kinetically stable and decompose to S and S0, The decomposition process

P—————

may be accelerated by heat or by other catalysts. Under suitable conditions

formation of solid stable sulfur-oxygen polymers may also be possible.

Based on the above reaction mechanism it occurred to us that a lot of

S R OTRAGRE TR T,

z the instability and sudden pressure build-up and explosions associated with

the discharged and force-discharge I..t/SOCl2 batteries may be due to the forma-
tion of the kinetically stable but thermodynamically unstable intermediates such
as (SO)n. The decomposition of (SO)n to form SC, may be triggered by various
means such as shock, or local heating during a force-discharge, etc. and this
could lead to a rapid pressure build-up. This decomposition process may also
produce sufficient heat to trigger the explosive Li + S reaction. Therefore, one
approach towards improved safety involves the use of a catalytic material in

the carbon cathode which will catalyze the decomposition of the unstable species
such as (SO)n so that during cell discharge, the cell reaction will result in the

formation of stable reaction products S and SC) according to
411 + 250Cl; —> 4 LCl + § + SC, Lo ]

In this manner the pressure build-up and the heat evolution (if any) during the

cell discharge will be gradual and predictable instead of being sudden and un-

predictable. Also, the addition of catalyst may prevent the formation of species

such as SG'SCC]Z, and thus increase the efficiency of S(‘Clz reduction at high

rates. The formation of SO+ 8CCl, does not affect the efficiency at low rates f
as demonstrated earlier (10) where we discharged SCCI, with 98% efficiency

based on 2 electrons per mole of SU(‘.IZ.

J We evaluated the efficacy of the above approach by incorporating
various catalytic additives in the carbon cathode of the high rate spirally wound
D cells and testing their performance on the GLLD laser designator duty cycle
and their abuse resistance on force-discharge. This is described in the next

section of this report.
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IV. Bvaluation of Catalytic Cathode Additives
In Spirally Wound High Rate D Cells

We found that the current distribution in high rate spirally wound D
cells was controlled by the electrical conductivity of the cathode grid in cells
with one current collector tab located at an end of the cathode. To control
current distribution, we examined the effect of a variety of cathode current
collector configurations on the short circuit current density at the cathode.
These results from the first quarter are summarized in Table 1. The most
promising cathode configurations were evaluated using the GLLD and modified
GLLD duty cycles. Cur results with the high rate electrode configurations are
summarized in Table 2. In these tests a great improvement was demonstrated
by the change from the conventional cell configuration C to the end and central

tab configuration F.

Since we have now an optimized cathode configuration (F) for use in
the GLLD battery, we used these types of cathodes for evaluating the efficacy
of catalytic cathode additives on the performance and abuse resistance of
cells. These additives were selected from materials which are known to be
catalysts for various chemical reactions and are compatible with the Li/SOClZ
system. We selected six catalytic additives after a preliminary screening for
compatibility with electrolyte and availability. Additive 1 was evaluated at two
composition levels while additives 2, 3, 4, 5 have only been evaluated at

one level using cathode configuration F in all cases.

A, Testing of D Cells on GLLD Duty Cycle
Additive 1

Two pairs of spirally wound D cells with additive 1 at level A
were tested on the GLLD duty cycle. In the first pair of cells (Fig. 19) the
load voltage for the first 17.5A pulse was 2.6V, with an increase to 2.9V
through the 3 minute pulse regime. The 1. 8A pulse voltage began at 3.1V and

increased to 3.3V. For the remainder of the test the voltage at 17, 5A was quite
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steady in the range 2.70-2.90V. This cell polarized during the 20th burst,

with voltage on both pulse loads dropping, precipitously . The second pair of
cells wsing additive 1 at level B behaved similarly, but polarized during the 22nd
duty cycle as shown in Fig. 20. Cne of these pairs of D cells was then driven
into reversal at 1A for 19 hours. During this reversal some cell heating was
observed as the cells entered reversal, but no venting or other misbehavior

occurred as the cells cooled to room temperature during the reversal.

Two further pairs of D cells with additive 1 level B were also
examined on the GLLD duty cycle. The first pair had o very low 17. 5A pulse
voltage of 0.25 which rose to 2.5 during the three minute burst as shown in
Fig. 21. The cell gave a pulse voltage above 2,5V for 17 cycles and polarized
badly during the 19th cycle. This pair of cells was then driven into reversal at 1A .
for 21 hours. The temperature of the cell rose to 54°C as the cell entered voltage
reversal, then declined to near room temperature at the end of the discharge.

The second pair of cells polarized during the 15th burst as shown in Fig. 22.

Additive 2

Two pairs of cells with additive 2 were tested on the GLLD test
cycle. Cne pair delivered 7 bursts above 2.5V and 16 bursts above 2.0V and
did not polarize until the 21st burst as shown in Fig. 23. The pair of cells then

ran smoothly in reversal for 19.5 hours. The second pair of cells had load

voltage rise from 1.1V to 2.45 in the first burst as shown in Fig. 24. This pair
of cells never had a voltage above 2.5V at 17.5A but delivered 19 bursts above
2.0V and polarized during the 24th pulse. This pair of cells was driven 8 hours
into reversal at 1A without ingident. Maxim:m measured cell wall temperature

was 43°C.

Additive 3

k.

Two pairs of cells fabricated with cathode additive 3 were tested
on the GLLD duty cycle. In one case the initial load voltage was 2.5V, rising
to 2.85V during the burst. The cell pair delivered 17 bursts over 2.5V and |
polarized below 2V during the 19th burst as shown in Fig. 25. This cell pair

was then driven into reversal for 21 hours at 2A, The cell wall temperature '

tH 14
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rose as the cells entered reversal as shown schematically in Fig. 26, but
later cooled during the reversal with no venting or other misbehavior. The
second pair of cells with additive 3 gave an initial load voltage of 1.20v,
rising to 2.75V during the burst. These cells polarized during burst no. 20
as shown in Fig. 27. These cells were also driven into reversal at 2A for

21 hr. with no misbehavior,
Additive 4

Cne pair of D cells using cathode additive 4 was tested on the
GLLD test. The voltage on the initial 17, 5A pulse was 0.6, rising to 2.1V in
the first burst, The cell polarized during the 21st burst, but load voltage

never reached 2.5V and was below 2V after the 12th pulse, as shown in Fig. 28.
Additive S5

Cne pair of cells using cathode additive 5 has been discharged.
The initial pulse voltage of 2.60V rose to 2. 85V through the first burst. This
cell delivered 16 bursts with a load voltage above 2.5V as shown in Fig. 29
before polarizing very quickly in the 17th pulse.

B. Conclusions

The catalytic additive 1 and 2, both improved the performance of the
cells, for example, these cells delivered 20-22 bursts compared to 17-18
brusts realized from cells (9) without any catalytic additive. In view of the
fact that the cathodes were unoptimized both with respect to the amount of
additive and the manner of impregnation, the 22% increase in performance was
rather significant. The abuse resistance of the cells on force-discharge was
also significantly improved. Although we did not measure the internal pressure
of the cells during the test and the abuse, the fact that the low pressure (130 PSI)
vents of these cells remained unopened during both the test and the abuse of the
cells, indicate that there was no pressure build-up problem. Therefore, we
believe that the approach involving use of catalytic materials in the cathode

to improve performance and safety is efficacious.

15
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V. Conclusions and Future Work

The performance of the flat cells, that we developed for the GLLD
laser designator application met and exceeded almost all our design goals.
The cells had exceedingly low internal impedance and delivered 24-26 bursts
above 2.0 volt, with insignificant temperature rise. Although, the assembly
of the cells was found to be exceedingly labor intensive at this stage, we
plan to continue to optimize the design and assembly procedures of this cell

so that in the future these may be made as economically as the spirally wound
D cells.

The effort to gain increased understanding of the cell reaction mechanism
by cyclic voltammetry, coulometry and spectroscopy , carried out during the
first two quarters, paid off handsomely in providing effective approach to

improve performance and safety of LJ./SOCI2 D cells. Two promising catalytic

cathode additives were developed so far. We plan to continue to explore and

optimize this approach and incorporate this in flat cells as well in the future.
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TABLE 1

Short-Circuit Currents of the Experimental Flat Cylindrical Cells
with Various Cathode Designs

Cathode Short Circuit Short Circuit
Current Collector Current Current Densities
Design (A) (mA/cm?)

j @ 7.0 176
: 2 ‘ (10 mil) 8.0 201

3. ‘ (5 mil) 7.4 186
d

4, 8.6 216
| ( S %Fﬂ
I
:

¥, 6.2 156
i
[ 6. < ;‘—:b 9.2 231
-
: BN

8. e 7 . 2 181

ld
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TABLE 2

Performance of High Rate I..l/SOCl2 D Cells on GLLD
And Modified GLLD Tests at Room Temperature

LOAD VOLTAGE ON 17.5A
Cathode Configuration

Bursts Above 2.5V Bursts Above 2.0V
A
N
9 11
16* 1%
20" 11% % 11**
B
! E g% 10*
20
l C

T
3
J

1** 4% %
25"
D
8* 10+*
7** 7*
25" 12% 12%
E 7
El 16* 16*
250 11%* 11%*
F § §
17 17
16* 16%
o 11% % 11% %

* Modified GLLD Test at 6.5A
* * Modified GLLD Test at 8A
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Laser designator battery with thin flat cells
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Laser designator battery with thick flat cells
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10 MIL TAB

3. . Jf 5 MIL TAB

Fig. 6 Current collector designs for the 2.8 inch diameter disc cathodes
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PROJECTION 0.125" POST IN

WELD G/M SEAL
116" FILL TUBE

/

s

~05"0+]

- 2.73 1D 7, 0 327"ss

e

- 3.0 OD FLANGE : ”

Fig. 9 Top of hermetically sealed flat cell with G/M seal and fill tube
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Fig. 10 Bottom of hermetically sealed flat cell showing low pressure G/M seal vent
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Li ANODE
0.005" THICK
4-ea 1/2"sq
TABS , CLEANED
pes OF CARBON
3/4" HOLE
+
0.012" CATHODE
CARBON Ni GRID
H
i

T

2.70 OD

The anode and cathodes for a flat cell
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Fig. 12 The flat cell assembly fixture
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A = EXPANDED
METAL
WASHER
B = Li ANODE
C = CATHODE
3
: Fig. 13 Assembly stacking sequence for the flat cell
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EXPANDED Ni
WASHERS

Li ANODE

Fig. 14

Top view of an assembled flat cell
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FORMED TEFLON LINER

SEPARATOR
k PAPER

/7?/ CATHODE

EXPANDED Ni WASHERS

ANODE SCREWS
AND NUTS

-

Fig. 15 Lithium anode contact detail
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Flg. 16  Photograph of tinished flat cell
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