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Figure Captions

Fig. 1. Schematic outline for the GLLD battery using 8 x 3" O.D.,

0.90" thick flat cells.

Fig. 2. Diagram for the new GLLD Laser Designator test cycle.

Fig. 3. Diagram of cathode configurations used for D cells;

(a) standard cells and cathode additives; (b) long electrode

cells.

Fig. 4. Performance of a pair of D cells with 1.4M LIAICl 4 on GLLD test.

Fig. 5. Performance of a pair of D cells with 1.4M LiAlCI 4 on GLLD test.

Fig. 6. Performance of a pair of D cells with cathode additive 2 at

level B on GLLD test.

Fig. 7. Performance of a pair of D cells with cathode additive 2 at

level C on the new GLLD test.

Fig. 8. Performance of a pair of D cells with cathode additive 2 at

level C on the new GLLD test.

Fig. 9. Performance of a pair of D cells with cathode pretreatment on

the GLLD test.

Fig. 10. Polarization curve for a D cell with 35" pretreated cathode.

Fig. 11. Performance of a pair of D cells with 35" pretreated cathodes

on the GLLD test.

Fig. 12. Behavior of a pair of D cells with pretreated 35" cathodes during

voltage reversal at 2A.

Fig. 13. Performance of a pair of D cells with 35" pretreated cathodes on

the GLLD test.

Fig. 14. Performance of a pair of resistively discharged D cells with 35"

pretreated cathodes in reversal at 2A.

Fig. 15. Performance of a pair of D cells with 40" pretreated cathodes on

the GLLD test.
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Fig. 16. Performance of a pair of cells with 40" pretreated cathodes on

the GLLD test.

Fig. 17. Schematic diagram of the stainless steel can for the 1.8 inch

diameter spirally wound cylindrical cell.

Fig. 18. Schematic drawing of the Kovar cell top for the 1. 8 inch diameter

cylindrical cell.

Fig. 19. Schematic drawing of the completer 1. 8 inch diameter cell top

with fill port, vent and G/M feedthrough.

Fig. 20. Photograph of the finished 1. 8 inch diameter cylindrical cell.

Fig. 21. Performance of a 1. 8 inch diameter cylindrical cell on the old

GLLD test cycle.

Fig. 22. Performance of a 1. 8 inch diameter cylindrical cell on the new

GLLD test cycle.

Fig. 23. Schematic drawing of the interior of a flat cylindrical cell.

Fig. 24. Performance of a flat cell with double anodes on the GLLD test.

Fig. 25. Performance of a flat cell with 32 cathodes on the old GLLD

test cycle.

Fig. 26. Performance of a flat cell with 32 cathodes on the new GLLD

test cycle.

Fig. 27. Performance of a flat cell with 40 cathodes on the old GLLD test.

Fig. 28. Performance of a flat cell with 36 cathodes on the new GLLD test.

Fig. 29. Performance of a flat cell with 36 cathodes on the new GLLD test.

Fig. 30. Current-voltage curve for a flat :ylindrical cell.

Fig. 31. Performance of the flat cell from Fig. 30 on the GLLD test.

Fig. 32. Performance of a flat cell with cathode additive 1 at level A

on the GLLD test.



I. Introduction

The Li/SOCI 2 Inorganic electrolyte system (1-4) is the highest energy

density system known to date. It consists of a Li anode, a carbon cathode and

SOC12 which acts both as a solvent and as a cathode active material. The

electrolyte salt that has been used most extensively is LiAICI 4 , but salts

such as L12 B1 0Cl 1 0 (5) and Li 2 0 (A1C1 3 )2 (6) have also been used successfully

in this system for improving the shelf life characteristics.

The main objective of this program is to develop high rate Li/SOCI 2

cells and batteries for portable applications of the U. S. Army. The cells and

batteries must deliver higher energy densities than are presently available and

must be safe to handle under field conditions.

We carried out a detailed development (7) on the spirally wound high

rate D cell in order to establish their performance capabilities and to identify

and correct limitations in their performance and safety under various use and

abuse conditions. Substantial progress was made in correcting cell limitations.

We found that spirally wound D cells approached the high rate requirements of

various U. S. Army applications more closely than do any other cell designs at

the present time. We used this spirally wound D cell as a starting point and

improved its rate capability to meet the requirements of two specific applications,

namely the BA5590 battery for man pack radio and the battery for the GLLD Iaser

Designator.

We concentrated our effort on the development of the high rate spirally

wound D cell during the first two quarters to determine whether it was possible

to meet the performance requirements of the GLLDLaser Designator. The results

we obtained in the second quarter showed that the high rate D cells could deliver

eighteen (18) bursts or 5. 9 A. hr/cell compared to the three (3) bursts realized

from the presently used Ni/Cd batteries. The advantage of using D cells, as

opposed to a flat cell, is that the D cells can be manufactured at our lithium

battery manufacturing plant with only slight modifications of the existing process

used for manufacturing spirally wound Li/SO2 D cells. The results obtained were



encouraging and we are continuirng to improve the Li/SOCI 2 D cell so that

it can meet a variety of high rate requirements, including the GLLD applica-

tion.

During the third quarter we concentrated our effort on the development

of the three inch diameter flat cell for the GLLD Laser Designator battery. We

had already initiated the procurement of parts during the first quarter. The

detailed design of the flat cell and its parts, and the design and fabrication

of tooling needed to make the parts and cell was mostly completed during the

third quarter. We have developed two types of flat cell, one is 0. 45 inch thick

while the other is 0.90 inch thick. The packaging efficiency of the battery with

0.9 inch cells is significantly higher than with 0.45 inch thick cells. The

construction and performance characteristics of both types of flat cells were

described in the third quarterly report.

During the first two quarters we also examined the cell reaction mechanisms

using cyclic voltammetry. The information gained from this study indicated several

approaches for improving the performance and safety of Li/SOCI 2 cells. We

evaluated the efficacy of these approaches in spirally wound D cells during the

third quarter and found that both performance and abuse resistance of the cells

was significantly improved by the use of additives. We evaluated some of the

promising additives in the three inch diameter flat cell during the fourth quarter

and the results are reported here,

During the fourth quarter we made additional engineering improvements

to the 0. 9 inch thick flat cell to further enhance its performance. We found that

the abuse resistance and the cell capacity of the D cell on the GLLD test were

increased by the use of cathode additives. We also investigated the use of very

long and thin electrodes to increase capacity on the GLLD test. Our results are

described in this report.

The GLLD test apparatus was modified to use the new GLLD test cycle

which consists of a 20A pulse for 0. 029 sec followed by a 3. 2A pulse for 0.021

sec which is continued for 20 seconds and repeated every 3 minutes. Cell

capacities on the new and old GLLD test regimes were very similar, while

the shorter duration of the bursts gave less cell heating than before.
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II. Laser Designator Battery

The specifications of the GLLD Laser Designator Battery are as

follows:

Dimensions: 2.82" x 3.75" x 9.30"

Voltage: 24V nominal

Maximum (OCV) 32V

Average 24V

End Voltage 20V

We considered the following types of individual cells for the above

battery:

A. 16 spirally wound D cells; 8 in series, with the two series stacks

in parallel.

B. 16 flat cells (3 inch O.D., 0.45 inch thick); 8 in series, with the I
two series stacks in parallel.

C. 8 flat cells (3 inch O.D.; 0.90 inch thick) in series as shown

schematically in Fig. 1.

D. 8 cylindrical 1.8" diameter spirally wound cells in series.

The development of the D cell and the two types of flat cell were

described in the three preceding reports (8-10). The development of the

1. 8 inch diameter cell is described in this report.

The duty cycle on which the cells were tested earlier is as follows:

17.5A for 0. 0355 sec followed by 1. 8A for . 0145 sec; this cycle

continues for 3 minutes. This constitutes one burst. This three minute cycle

occurs every thirty minutes.

The above duty cycle has been changed by the sponsor. The new duty

cycle is as follows:

I'
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20A for 0. 029 sec followed by 3. 2A for 0. 021 sec; this cycle continues

for 20 seconds every three minutes. The duty cycle is shown schematically in

Figure 2. We modified our test apparatvs to accommodate the above duty cycle.

During the fourth quarter we concentrated our efforts on the Laser

Designator Battery, specifically in the following three areas:

1. Improvement of the spirally wound D cell.

2. Development of the 1. 8 inch diameter spirally wound cell.

3. Improvement of the 0. 9 inch thick flat cell.

The details are discussed in the following sections of the report.

4
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III. Spirally Wound D Cell

Introduction

The use of spirally wound D cells is attractive for the GLLD Laser

Designator Battery because the technology is well developed, and the cell

incorporates proven packaging with a hermetic glass-to-metal seal and a low

pressure vent which is hermetic until opening on accidental short circuiting or

other abusive use. The spirally wound cell is easy to construct and as such

is a good vehicle for studying the effect of cell construction variables on the

performance. Finally the spirally wound Li/SOC12 D cell can be manufactured

at our lithium battery manufacturing facility with a minimum of alterations and

minimum new tooling.

We have developed the spirally wound 0 cell for the GLLD application

by examining a number of different techniques for cathode current collection

and adopting the most satisfactory ones. This gave a D cell which, when tested

in pairs, gave eighteen (18) bursts on the GLLD test cycle. We examined a

number of cathode additives in the spirally wound D cell with the optimum current

collection arrangement. These additives gave improved abuse resistance on

voltage reversal to the spirally wound D cell and also increased cell capacity

to 20-22 bursts or 7.3 A. hr vs. 6 A. hr for the cells without additive.

During the fourth quarter we further developed the D cell by examining

some further variables. These included:

1. Electrolyte concentration

2. Cathode additives

3. Cathode pretreatment

4. Cathode length

Fxperimental

The electrolyte and cathode additives were evaluated in D cells of the

now standard hermetic construction with the glass-to-metal seal hermetic vent

and 25" cathodes with current collection via one center and two end tabs. In
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these cells the electrode stack, consisting of cathode, separator, and anode

is wound about a mandrel and inserted into the can. The anode tab is welded

to the center post in the top and the cathode tabs are welded to the can during

the welding of the cell top onto the can.

The cathode pretreatment and electrode length experiments required

slight modifications of the above procedure. Both the 35" and 40" cathodes had

three tabs for current collection, one in the center of the electrode, while the

two others were placed 6" from the respective ends of the cathode. For the

cells with 40" electrodes, the lithium anode had a current collector tab at both

ends of the anode (Fig. 3). All of these experimental modifications were intended

to improve the high rate performance of the D cell and the effects of these changes

were evaluated using the GLLD test cycle on a pair of cells connected in parallel.

Results and Discussion

1. Electrolyte Concentration

We suspected that the 1. 8M LiAlCl 4 electrolyte used in the cell

might be too concentrated for best results. While 1. 8M is very near the con-

ductivity maximum for LIAICI 4 in SOC12 , partial discharge of the cell increases

the LiAlCl 4 concentration, leading to reduced conductivity and, perhaps, pre-

mature cathode passivation due to LiAlC 4 precipitation. Since conductivity

changes relatively slowly with concentration at high electrolyte concentrations

we selected k. 4M LiAICl 4 as an alternative electrolyte concentration and tested

two pairs of D cells having the cathode configuration shown in Fig. 3(a) on the

GLLD test cycle. The performance of these cells with 1. 4M LiAlCI 4 electro-

lyte on the GLLD test is shown in Figures 4 and 5. Both cell pairs delivered

only 12 bursts, or 4 A.hr/cell compared to 18 bursts or 6 A.hr/cell for an

identical cell filled with 1. 8M LiAIC14 electrolyte. The 1. 4M LiAlCl 4 cells

also had a voltage penalty, with a voltage of less than 2.5V at 17.5A compared

to 2.75-2.85V for cells with 1.8M LIAICI 4 . The voltage penalty of "1 10% coupled

with a 30% loss in capacity indicates there is little benefit to be gained from a

reduction in LiAIC 4 concentration for the GLLD Laser Designator Battery.

6
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2. Cathode Additives

In the third quarter we examined the effect of cathode additives on

D cell performance in the GLLD test and identified two additives with beneficial

effects on cell performance. Additive "1" was evaluated at two levels, while

additive "2" was tested at only one level. We have evaluated the effect of

cathode additive "2" at two further levels in the D cell with 25" cathode with a

center and two end tab s for current collection (Fig. 3 (a)). The performance of

a pair of D cells with cathode additive "2" at level B is shown in Fig. 6. The

cell capacity of 17 bursts or 5.6 A. hr/cell is very similar to that for a cell

without additive and the additive appears ineffective at this level.

We tested two further pairs of cells with cathode additive "2" at

level C. These cells were tested on the new GLLD test cycle. The results are

shown in Figures 7 and 8. The cell capacities of 7.4 and 7.55 A.hr/respectively

are approximately 25% better than the standard cell, or 22 bursts under the old

GLLD test cycle. The load voltages at high current were also near 2.5-2.6V,

which is higher than we observed earlier with additive "2" at level A. For

cathode additive "2", level C gives increased cell capacity without a penalty

in discharge voltage and thus seems most satisfactory.

3. Electrode Length

We suspected thaL cathode passivation was the limiting factor in

D cell performance on the GLLD test and examined the effect of greatly increasing

electrode area within the D cell. This increased the resistive loss in the cathode

because of the greater length but increases the amount of cathode material while

decreasing the current density at the electrodes.

We first made a pair of D cells with 25" electrodes which were made

slightly differently than the standard. These cells were filled with 1. 8M LiAICl 4 -

SOC12 electrolyte. This cell pair was tested on the old GLLD test cycle with

results shown in Fig. 9. The capacity of 19 bursts on 6.3 A.hr/cell is similar

to that of a standard cell, while the load voltage of " 2.7 was also near that of

a standard cell. The alteration of the cathode fabrication process does not appear

to affect the D cell performance on the GLLD test. We used this process for the

7



remainder of the cells.

We then prepared two pairs of D cells with 35" electrodes and

current collection as in Fig. 3(b). A polarization curve was run on one cell

before test to verify the high rate capability. The polarization curve shown

in Fig. 10 indicates a cell voltage of 3. OV at 5 Amps demonstrating the high

current capability of these cells. We then tested a pair of cells on the new

GLLD test, as shown in Fig. 11. The cells delivered 230 pulses before

polarizing, for a cell capacity of 8.05 A. hr, a 33% improvement on the

6 A.hr of the standard cell while the load voltage at 20A was above 2.5V for

all but the last period of the discharge. This pair of cells was driven into

reversal at 2A, with one cell venting quietly 16 hours into reversal as shown

in Fig. 12 at a cell voltage near -1 volt and a wall temperature of 410C. A

second pair of D cells was prepared with 35" pretreated cathodes and tested

on the GLLD test as shown in Fig. 13. The cell capacity of 8.05 A. hr/cell or

230 bursts was similar to that of the earlier pair of identical cells, once more

the load voltage stayed above 2. 5V for nearly all of the discharge. Due to a

malfunction in the test equipment this pair of cells was resistively discharged

down to near 0V, before being driven into reversal at 2A, as shown in Fig. 14.

The cells ran quietly for 60 hours in reversal without venting. This is well

past Li exhaustion.

To test the practical limits of electrode length in a conventional

spirally wound D cell, we prepared some cells using the cathode pretreatment

and 40" electrodes. These cells were also filled with 1.8M LIAIC14 electrolyte

and examined on the GLLD test. The performance of these cells, shown in

Fig. 15 and 16 was somewhat disappointing. The cell pairs delivered 220 and

243 bursts, respectively, for capacities of 7.8 A. hr/cell and 8.7 A. hr/cell

respectively. We found the load voltage at 20A to be 2. 70-2. 75, but there was

no significant increase in cell capacity. One problem with the use of such

extremely long electrode stacks is that the portion of the cell volume occupied

by the separator increases very substantially. For example, with 40" electrodes

and . 005" separators, about 34% of the available electrode volume is taken up

8



separator. This, combined with our test results on the 35 and 40 nch

cathodes suggests that 35 inch cathodes are near the optimum for a spirally

wound high rate D cell.

Conclusion

We evaluated the effects of three variables on D cell performance in

the GLLD test during the fourth quarter. These variables were electrolyte con-

centration, cathode additive level, and electrode length. We found that the

currently used electrolyte of 1. 8M LiAICl 4 in SOC12 was superior to the alternative

1. 4M LIAIlC 4 electrolyte in both capacity and load voltage on the GLLD test at

room temperature. We evaluated cathode additive "2"' at two further levels than

examined in the third quarter and found a level which combined a satisfactory

load voltage with an increased cathode capacity compared to the standard cells.

We evaluated the effect of electrode lengths of 35 and 40 inch, and found that

a substantial capacity increase, from 6.0 to ' 8.5 A. hr could be obtained at no

penalty in load voltage.
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IV. Development of the 1. 8 Inch Diameter Cylindrical Cell

Introduction

We chose to develop the 1. 8 inch diameter cylindrical cell for the

GLLD Laser Designator Battery to reduce the number of cells required from 16

to 8. The construction of this cell uses the technology already developed for

the spirally wound D cell, including wound electrode geometry, low pressure

glass-to-metal seal hermetic vent, glass-to-metal seal feedthrough and fill

port in the cell top. The details of the development are presented here.

Experimental

Cell Can: The stainless steel cans with dimensions of:

O.D: 1.812" *0.010"

Ht.: 2.609" ±0.015"

Wall: 0.031" ±0.003"

were procured from an outside vendor and were found to be in accordance with

the specification. A schematic drawing of the can is shown in Fig. 17.

Cell Top: The cell top is made of Kovar and has the following

dimensions:

O.D.: 1.750 ±0.010"

Ht.: 0.188 ±0.010"

This part was procured from an outside vendor. The drawing for the cell top

is shown in Fig. 18.

G/M Seal: The glass-to-metal seal with the hermetic feedthrough for

the center post was fabricated in the laboratory using the seal technology developed

for the Li/SOCI 2 D cell.

10
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Vent: The cell top has a G/M seal vent similar to that developed

for the D cell which was also fabricated in the laboratory. A schematic

diagram of the completed cell top with electrolyte fill port, vent and G/M

seal feedthrough is shown in Fig. 19.

Welding Fixture: The necessary heat sinking fixtured for TIG welding

the cell top and can were designed and built during the fourth quarter. The

welding step was perfected using empty cans. No unusual difficulties were

encountered in this operation. The efficiency of the heat sinking was determined

by checking the temperature of the can wall after welding. The temperature was

found to remain within safe limits.

Cell Construction: Cells were made by winding two layers of 2" x20"

cathodes and two layers of 2" x 21" anodes arranged alternately and separated

by layer$ of glass filter paper. The cathodes each have two tabs located 5"

from the ends while the anodes have two tabs located at the ends. Thus, both

anode and cathode have four tabs each for current collection.

The cells were filled with about 90 grams of 1. 8M LiAICI 4 in SOC12

through the fill port, which was then closed. A photograph of the finished cell

is shown in Fig. 20.

Results and Discussion

One cell was tested at room temperature on the old GLLD test cycle

of alternating 17.5A and 1.8A pulses. The results are shown in Fig. 21. The

cell delivered 19 bursts above 2. OV which corresponds to a capacity of 12.5 A.hr.

Another cell was tested on the new GLLD test cycle with the results shown in

Fig. 22. The cell delivered 179 bursts to give a capacity of 12.9 A.hr.

Conclusion

Considering the fact that 1.8" diameter cylindrical cell has twice the

internal volume of the D cell, the performance on GLLD test was inferior to that

of a pair of D cells in parallel. Particularly, the voltage on the high current

pulse was only around 2. OV, which is below the required cutoff voltage of 2. 5V.

For this reason we decided to discontinue the development of the 1. 8" diameter

- -- - ... r . . ... ... "- e n11i
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cell and to concentrate our efforts on the 0.9" thick flat cell to fulfill the

GLLD Laser Designator application requirements.

12

II . .... ..



V. The Flat Cylindrical Cell

The flat cylindrical cell which we developed during the first and

third quarters has shown a load voltage and capacity superior to those of the

highly developed high rate spirally wound D cell. During the fourth quarter

we examined several approaches to optimizing the performance of the flat

cell, these were:

1. Anode thickness

2. Number of cathodes

3. Cathode additive

Experimental

The design and construction of the 3 inch diameter, 0. 9 inch high flat

cylindrical cell was discussed in some detail in the third quarter report. The

flat cylindrical cell has flat electrodes having cathodes connected to the can

and lithium anode at the center post as shown in Fig. 23. The cell also in-

corporates a G/M hermetic feedthrough, a fill port and low pressure hermetic

vent. All cells were filled and tested with the 1. 8M LiAICI4 in SOCI 2 electro-

lyte.

Results and Discussion

Flat cells discharged in the third quarter showed a high utilization of

the lithium anode and led us to suspect that anode polarization was limiting

cell capacity. To test this hypothesis we built a flat cell with double the

previous anode capacity. This cell, which included thirty cathodes was tested

on the GLLD test with results shown in Fig. 24. The cell capacity of only

14.6 A.hr was very low for the flat cell. We decided that factors other than

anode polarization were limiting performance of the flat cell.

1 13
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Number of Cathodes

We decided to optimize the design of the flat cell with respect to the

number of cathodes by testing the cells at room temperature. We plan to use

the optimal design for the evaluation of the flat cells at other temperatures.

Two flat cells were made with 32 cathodes and 33 anodes. One cell was

discharged on the old GLLD duty cycle. The results are shown in Fig. 25.

This cell polarized during the 26th burst after delivering 16.7 A. hr with the

load voltage at 17.5A above 3V for most of the discharge life. The other 32

cathode cells were filled with 1. 8M iJAICI 4 and discharged on the new GLLD

test cycle, as shown in Fig. 26. The cell delivered 230 bursts, or 16.1 A.hr,

on this test with a final voltage of 2.6V at 20A, while the load voltage was

mostly above 3V. This replication of performance between the two tests shows

that the new and old GLLD tests give similar values for cell capacities.

We then made a cell with 40 cathodes, and discharged this cell on the

old GLLD test. The performance of this cell, shown in Fig. 27, was not as good

as hoped in that the cell gave 25 bursts or 16.8 A.hr. There was no improve-

ment on the previous cells in spite of a 20% increase in electrode area.

We then made a cell with 36 cathodes. On the new GLLD test this cell

gave 290 bursts, which corresponds to a capacity of 20.3 A.hr. The cell

voltage on the 20A load was near 3.2V for most of the discharge and only reached

2.5V at the 290th burst. The performance of this cell is shown in Fig. 28. To

confirm this performance, we prepared a second cell with 36 cathodes and tested

it also at room temperature on the new GLLD test cycle. This cell delivered

287 bursts or 20.1 A.hr, as shown in Fig. 29. The cell polarization in 20A

load was remarkably low. This lead to a minimum temperature rise during use.

The cell temperature remained below 300C all throughout the test. This is a

major accomplishment with this cell design.

We also tested the high current capability of the flat cell by polarizing

It at high currents. The current-voltage curve for this cell is shown in Fig. 30.

The cell performance was quite impressive giving 2.95V at S0 Amps, a power

density of around 330 W/lb. This cell was then discharged on the GLLD test,

14



delivering 240 bursts, or 16.8 A.hr, as shown in Fig. 31. We have determined

from these data that 36 cathodes is near the optimum for the 3" flat cell on the

GLLD test.

Cathode Additive

Since the use of cathode additives has been shown to improve the

capacity of spirally wound D cells, we prepared a flat cell with cathode

additive "1", at level A. This cell was discharged on the GLUi, test as shown

in Fig. 32. The cell gave 302 bursts before polarizing. This corresponds to a

capacity of 21. 1 A.hr, a further improvement on the optimized flat cells. The

voltage regulation also was superior to the cells without the additive.

Conclusions

During the fourth quarter we continued to improve the flat cell, showing

optimization with regard to electrode area giving a 20% improvement in capacity

on the GLLD test. We also found that cathode additive "1" could be used to give

a modest improvement in the capacity. The flat cells could be operated at very

high currents and power densities with low overvoltages.

The performance of the flat cell exceeded our goal of 20 A. hr. The

volumetric energy density of the cell is approximately 10 WHr/in 3 and the

gravimetric energy density is 145 Whr/lb on the GLLD test consisting of 20A

pulses. Note that the weight of the can is approximately 40% of the total cell

weight and improvements may be expected in this area.

4*4
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VI. Conclusion

During the fourth quarter we concentrated on the development of high

rate cells for use in the GLLD Laser Designator Battery. We split our develop-

ment effort amongst three cell configurations, the spirally wound D cell, the

spirally wound 1. 8 inch diameter cylindrical cell and the 3 inch diameter, 0. 9

inch high flat cylindrical cell. We examined the effects of electrolyte con-

centration, cathode additive and electrode length on the D cell performance

on the GLLD test and found near optimum levels of each variable under GLLD

test conditions. These high rate D cells can now deliver over 8 Amp-hr on the

GLLD test.

We developed the 1. 8 inch diameter cylindrical cell during this quarter,

and evaluated its performance on the GLLD test, and determined its performance

to be slightly inferior to a pair of D cells. We discontinued any further develop-

ment work on this cell.

We optimized the flat cell with respect to electrode area and demonstrated

some improvement from cathode additives. The flat cell demonstrated a con-

sistent capacity of 20 Amp-hr or more on the GLLD test and is capable of sub-

stantially greater power densities than required for this application. The low

cell polarization on high current pulse, not only leads to improved cell performance,

but also resulted in a minimal temperature rise during cell operation, thus im-

proving the safety.

During the next quarter we plan to complete the development of the D

cell for the BA5590 application and to examine tho low temperature discharge,

capacity retention, and abuse resistance for the flat cylindrical cell.
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Fig. 1I. Schematic outline for the GLLD battery us Ing 8 x 3" 0. D.,

0. 90 " thick flat cells.
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0.031 ± 0.003"

2.609± 0.015"

1.812 ±0.010"

Fig. 17. Schematic diagram of the stainless steel can for the 1.8 inch
diameter spirally wound cylindrical cell.
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0.31 ± 0.003"

0.188 0.01"

1.750 0.010'a

Fig. 18. Schematic drawing of the Kovar cell top for the 1.8 inch
diameter cylindrical cell.
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Fig. 19. Schematic drawing of the completer 1.8 inch diameter cell

top with fill port, vent and G/M feedthrough.
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Fig. 20. Photograph of the finished 1.8 inch diameter cylindrical cell.
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Fig. 23. Schematic drawing of the interior of a flat cylindrical cell.
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