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improving the safety and the efficient fabrication of the cell respectively .
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two types of catalytic cathode additives which promote the chemical reactions
of the unstable species to form stable products thus contributing to both the~
performance and the safety. We plan to optimize this approach further during the
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I. Intr oduction

1
The Li .V S (  C1 Inorganic electrolyte system LL~-4) is the highest

energ y density system known to date . It consists of a Li anode , a car bon

cathode and SCCI~ which acts both as a solvent and as a cathod e active

material. The electrolyte salt that has  been used most extensively is

LiAlCl~ , but salts suc h as U~ B1~ C11~0 (
~~ 

and U~ C (AlC1~ )~ ~~
) have also

been used successfully in th is system for improving the shelf life character-

istics .

The main objective of this progra m is to develop high rate U/sc~cl~
cells and batteries for portable applications of the U . S. Army . The cells

and batteries must deliver high energ y densitie s than are presently available

a nd must be safe to handle under U. S. Army field conditions. __—
~~~~~~

We carried out a detaile~i development (7) on the spira 11~j-wound~~i!3h

rate P 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

th e cell l imitations. We found that the state—of-the-art spirally-wound D

cells approach the high rate requirements of the variou s U. S. Army applica-

tions more closely than do any other cell designs at the present time . Accordin gly

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 BA5590 Battery for Man Pack Radio and the Ba ttery for the GLLD Laser

Designator.

We concentrated our effort on the development of the spirally-wound

ultra-high rate D cell during the f irs t  two quarters , in order to determine whether H

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 hig h as eighteen (1 8) 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
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ca n be readily manufactured at our l i th ium battery manufactur in g plant with

very sl ight  modification of the existing manufacturing process used for manu-

facturing the spirally wound LL— SC2 L’ cells. The results obtained to date are

highly encouraging and we are continuing to improve the LL’SCCI 1. cells so

that  it can meet a variety of high rate requirements Including the G LLD laser

de signator applica tion.

Pur ing the third quarter we pr imarii , concentrated our effort  on the de-

velopment of the three inch diameter flat cell for the GLLD Laser Desig nator

Ba ttery . We Initiated the procurement of part s during the first  quarter . The detai l

desig ning of the f lat  cell and the part s and the desig n and fabrication of tool ing

— needed to make the pa rt s and the cell have been mostly completed during the

third quarter. We have developed two t~. pes of f la t  cell structures; one is

0. 45 incn thick and the other one is 0. 90 inch thick. The packaging eff iciency

of the battery with 0. 9 Inch thick cell is s igni f icant ly  higher than th at  with the

0 .4 5 inch thick cell since it re~ju Lres 8 cells/battery instead of 16 cells ‘b at t e ry .

The construction and the performance characteristics of both type s of flat cells

are described in this report .

Du ring the firs t two .;uarters we examined the cell reaction mechanisms

using cyclic voltammetry . The inforn-etion obtained from this study indicated

severa l approaches for improving the performance and the safety of the Li SC Cl~
cells . We evaluated the efficacy of these approaches in spirally wound F cells.

These will be discussed in this report.

2
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11. The vt~j~ j ’ment_of F l at  Cy l in dr ic a l  Cell

The h i~ h su r f a c e  ar e-i to v o l um e  r d t t -  01 the i l i t  cv l indr i :al  cell en-

hances  the h eat  dis  sipa t lon  L i  the  ce l l  I ron ~ i ts s u rf a c e  to the  e n vi r o n m e n t  mu

as such  is a bet t er  c o n t i ’2 u r a t i L  ii t r om t h V  s a i e t v  s t andpoin t .  1 :owcVer , t : . i s is

tru e in th e  ca se  t i  S in~~le cel ls  o n ly  in the case ci mu l t i c e l l  l~a t t e r y ,  t h e

ind iv idua l  cel ls  ma~ u potted in such  a m a n ne r  t : . t  they m a y  be thermal ly

in su  Lit ed fro m t he envi ronm ent  and the  he at dis s iF a tion  ~n i y  be r ather  in—

si~~n i t i c a n t .  Tt - .eretore , r e l ian c e  on hea t  d i s s ip a t i o n  ci cel ls  1( 1  s a t e t v  i�~ un-

sound . For th is  rea ~on , we have at t e m p t e d  to a c h i e v e ,

(a) low u t a t  g e n e r a t i o n

(b) h is~ h in te rna l  t uerma 1 e ~u 11 ibra t i - n

in inc aes ~~ n ¼ - i  our  f l a t  ce l ls .  In th is m a n n e r , the ce l l s  w i l l  he ~- a t e  when

u seL:  eithe r  as  s in~-;le ce l l s  or ~is  m u l t i c e l l  b a t ter i e s .  The des i5:n ob j e c t iv e  is ~~

t~3la nce th e tota l heat  gen er at i on  L~~r i n~: tn. e :~u: c ur r en t  pu1se~ with  tht ’ t o t a l

ti ~~~~~~~~~~~~ m a s s  ci the  bat t ery  su ch t u a t  t u e  intern a l t e m p~~ a tur e  ci the cells aces

not exceed  the upper l imi t  of the s a l t ’ t e mp e r at u r e  We d et er m i n e ~: t u i s

tempera ture (7) b do in a  E T A  ci tne cel l  cons t i tu e  ::ts and louna th at  the lowest

tempera tu re  ci i n i t i a t ion  of an  ex ot uer m ic  r e a c t ion  i~ i ~‘~~~~
° C icr the Li + S

combina tion .  S is a r e act ion  i i  o : u ct  ci th e  ce l l .  Th i s  e x o th e r m i c  react ion  may

init iate a tu e’rma 1 r u n a w a y .  Tu- -2 re tore , th e inter nal temperature ci the  cell should

be kept below t h a t .  Arl ’itrarl1~ , we chose an upper l imit  c The sate  t emper atu re

of 1 30° C. In addi t ion , we aevelopeu a s V l t e ty  v e n t  Icr thes~ ‘t cells so tu i t

on accidenta l short circuit inq or t o r ce— d i s c h a r u e , the  cells wi l l  vent  prior to

reaching the above t emp e r at u r e s .

We have develope . i two t ypes  et t h a t  cel ls , hot u are -~ inc h in d iamete r .

~‘ne is 0 . 4 5  inch th ick . Sixteen of these  cel ls , connected two in p ar a l le l  and

8 in s e r i e s, a re  required for  one C LLP la ser  des igna to r  ha tt er \  . A s ketch ci tue

battery pack w i t h  sixteen 0. 45 inch f lat  cells is shown in Fu:  . 1 . The o ther  f l a t

cell is approximately 0 .90  inch thick and it requires eight cel ls  per batter s as

shown in Fig . 2 .

~IlIIi_  I L 1flT~~~~~~~111~~I
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The specifications for the above battery are as follows:

Dimension: 2 .82” x 3. 75” x 9.30”

Voltage: Nominal 24V

Maximum (CCV) 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 . 

S

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 inchj

We initia ted the design and the procurement of parts for this

cell during the first quarter and c ompleted a substantial portion of these

activities. All the tooling , jigs and fixtures required to fabricate the variou s

cell parts and to assemble the electrode stack has been completed during the

third quarter. In view of the encouraging results obtained fro m 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

refocus sed 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 diring the first quarter . The cans received

from the vendor were found to be within the specification.

4
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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  wi th the cell can shown in Fig . 3, was  a l s o  procured from an outside vendor
a nd the parts were found to be acceptable  based on the to1er tnce ~ specified .

The g la s s—to—meta l  seal  !o5ic t & d on t u e  cell top constst ~
of an outer metallic rang and a central  post both L i  wh i t were custom made by
outside vendors . The glass pre lorms were ah - o  nrocured from outside vendor . A
graphi te boat with multiple cavity was designed and fabricated to make  the g l a s s—

to—metal seals. A multi—zoned quartz tube furn ac e  was used  for the firing and
annealing of the glass-to-metal seals. The optimization of the seal making 

S

process has been completed during the third 4uarte r . j V

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 sh own in Fig . 4 , was S

also procured from an outside vendor.

The glass—to—meta l  seal was resistance welded to the
cover. The welding step was found to be quite 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 electiD lyte fill tube to the
cell top was found to be fairly straight forward .

Welding of Cell Top to Can: We designed and fa bricated
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.

5 :- -
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The Cell: Circular donut shaped anodes and cathodes

and glass filter paper separator s were used to make this cell. The cross-

sec tional view of the cell and the electrode stack is schema tically represented
in Fig . 5.

The current collector design chosen for the cathode wa s

*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).

The electrical conductivity of the lithium anode was suf-

ficiently hig h 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 procedure s to prevent internal

shorting . The cell contained eight cathodes and nine anodes. The dia meter of

the cathode was approximately 2. 8 inch. Therefore , the total effective cathode

area , u sing both sides , was approximately 70 cm 2/per cathode with a total of

560 cm 2 . 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

0.010 inch thick . The glass filter paper separa tor was nominally 0.005 inch

thick. Two layers of the separators were used to prevent shorting .

The photogra ph of a cell is shown in Fig . 7.

The cell was evacuated through the fill port and then

filled with 1. 8M LiAIC14-SOCI 2 electrolyte and the fill port was closed by

welding . The electrolyte weight was approximately 44 gms.

6
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2 . Results and Discussion

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 ba ttery and as such the sing le cell will

experience only half the load , we tested the s ingle cell on the full  load of 17. SA

because of the inflexibility of the test equipment .  The cell voltage on the two

loads , viz 17.5A for 35.5 m. sec and l . 8A for 14.5 m .sec  were monitored during

the three minute duty cycle. The results are shown in l’iq . 8. The voltage

profiles are shown for each three minute bursts and the results are plotted as

a function of the number of bur sts instead of as a function of time. Each bur st

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 , a lthough 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 , th e s ingle 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 quite

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 f la t

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

8. Thick Flat Cell (0. 90 inch)

In this design , the flat cell is not only twice as thick as the

V 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 , al thou gh

the thickness of the stainless steel wall of the can was increased from 0.0 19

inch to 0. 032 inch in this design in order to make the cell more rugged

7
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and capable of w i ths t and in g  h igh pressures without bulging or ruptu r in g .

1 . Experimenta l

A subs t an t i a l  fraction ot our effort  dur ing  the third 5~u ,ir ter

has  l ‘et II uir ect ed tt developing methods for Ia bric ation and a: - semb ly  of th i :

f lat  ce l l .  In contrast  to our re 1 tive ly well  developed sp i ra l ly  w u tid Ct 11

ti ’c t i i io l’5’~ y ,  there were m5in ~ problem areas in which d i f f icu l t ie s have had to V

be t )V 01_ colli e .

Cell Ca n: The f la t  cell  L S ~~ fl i~ - of two p ie ce  construction ,

con si s t i ng  of a cell top and bottom. Roth parts are constructed of 0. 03 .~

t 5i in le ~ - st e t ~ I .  The ( Io t a  115 ‘I t he  cell top is s l iown in 11g .  9 . It incorporate:

S a ti l l  tube which  is internally welded and a ( M seal  which is jt ined to the top

by rt ’s is ta nce welding . The cel l  can bottom detai ls  are shown in Fig .  1 0 . It

incorporates the low pros sure vent which  Is TIG welded to the an .

The f l a t  t O l l  cathode is made up of a carb on—

PTF1~ blend (90 —1 O’~ ) which I:; p as ted on an expanded meta l grid , rolled to the

desired th i ckness  and cured . The cathodes are then cut to shape  as shown i i i

Fig . 1 1 with a die .

Anode: The I hi t  cell ~i node is a circular d isc ci 0. 005”

— I I foil , cut to i. • e with a ci It ’ .

The ( ‘eli : T h e  electrode stack is 5is sernbled in .i l ive pro iui t ’d

fixture shown in Fig . 1 .~ which indexes the 5’~node , cathode and sep5i r at cr with

prope r offset  for the cathode current collector . The as sembly order incorporates

a n expanded metal washer a bove and below each a node disc , as shown in FbI .

13 . The electrode stack is terminated b’1 a double anode and separator at  ea ch

end to give better heat t ransmission.  The assembled electrode stack is t es ted

f or short circuits to the can. A hollow threaded bolt is inserted on the center

8
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of the stack ar id a nut is screwed down of the exmet washers to assure good

anod e contact. The f in ished  cell stack nas an appearance similar to that
sri own in h g .  l ’~.

ln ~- hollow bolt. is then topped witri  a plug of Li and
presse i onto i r e  anode ( V ~ V n t L Sr pos t , t -xtr i~di nc~ th~ Li plug to g ive a positive
anode contact ((‘ to . 151 . Th~- coil top and bottom are now fitted together with
the e nds of th e  cat t :uu c u r ren t  collector tabs protruding . The tabs are trimmed

with sci ssors and the c-oil is closed by TIC welding the rim .

The ccli is tested for internal sho rt circuits us ing  an
ohmmete r and evacuated to 0 . 2  mni E q .  The cell is then fil led with l . 8 M
LiA1CI 4/S( Cl 2 electrolyte us ing v acuum in the cell to provide suction. The

cell re s o- ta! ,o~ is inonitoreu uur in 5 ; evacuation and voltage is monitored during
filling as a precautionary measure .

The cells were tested on C i L L  laser  design ator du t y
cycle at 2 5°C.  5

A photogr ahn of the f inished cell is shown in Fig . 1€.

2 . Resu l ts and L-iscu ssj on

(ne  cell conta ined 40 cathodes and 4 1 anodes. The electrode
stack was subject ea to extensive compressive force and mechanical shock after

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

asse mbled electrode stack will show internal shorting under such tests. The
electrode stacks which survive such high compressive ano mechanical shocks
were selected for the final welaing and filling with electrolyte. This cell con-
tained 75 qm of 1.dM LiAIC14 -SC Cl 2 elec trolyte .

The voltage of the cell on both the 17 . 5A load and on the
1. 8A load (as per the duty cycle) are snown 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 my . This is a major accomplishment in the design of
the high ra te cell. This demonstrates the efficacy of the electrode designs in

t _  
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I
terms 01 tti e current collector design aril the electrode separation on the rate

capability of the cells. Cil ls  delivered 18 bursts, at which point the cell
voltage on 17 . SA 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 th e low cell polarization . The low heat
generation dir 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 fro m 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 2k The cell delivered another 2.2 A.Hr to 2.0 volt. On cell reversal, the
cell tempera ture 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.

10
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III. The Cell Reaction Mechanism and I ts 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 thks 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 SOCI 2 during the pote ri t iostat ic electr ochemical reduct ion of

SOd 2,
and (b) the absence of both S and Sc 2 immediately after the reduction
of SOCI 2 ; and these are generated gradually after the reduction .

We proposed the following cell reaction mechan ism in order to expla in
the above .

The reduction of SCCl - involves two successive one electron steps to

L 

generate SC,

SOC12 + e —
~~
. SOd + C1~

SOCI + e 5(j~ + Cl .
~ I

At the early stages of discharg e , in presence of excess 5. Cl ,, S combines with
Sod 2 to form an intermediat e

sc + SO~
’[ 2 —

~~~ S 5. Cl ,

The intermediate species S~~~S~ Cl , slowly decomposes to form S C l ,. As the

electr olysis progresses the ccncentrat ion of SC increases and the dimer izat lon
and polymerization of SO is fav3red .

S 2SC —a--
j
)’ (SO) 2

V nSO —~~ (SO)~ \~s VI
11
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We had some spectroscopic and cyclic voltammetric evidence (9) in favor

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

kinetic al ly stable and decompose to S and Sc 2 . The decompo sition process
may be accelerated by heat or by other ca ta lys ts .  Under suita ble conditions
formation et solid :;table sulfur—oxygen polymers may also be possible .

Based on th e  a bove reaction mechanism it occurred to us that a lot of

th e instabil i ty and sudden pressure build-up and explosions associated with
the discharged and force-discharge Li/Sool , batterie s may be due to the forma-
tio n of the kinetic ally stable but thermodynamica lly unstable Intermediates such
as (St. )~~. The decomposition of (So)~ to form ~ 2 may be triggered by various
means such as shock , or local heating during a force—discharg e, etc. and this
could lead to a rapid pressure build-up . This decomposition process may a l so

produce su f f i c i en t  heat to trigger the explosive Li + S reaction. Therefore, one

app roach towards improved sa f ety  involves the use of a catalytic material in
the carbon ca t hode whi ch wil l c~i t a l y ~~e’ the decomposition of the unsta ble species

such as (St. ) so that  during cell discharg e , the cell reaction will result in the

fo rmation ot stable reaction products S and Si. according to

4 Li ~ 25t. Cl — -~~ 4 LiCl + S Si. [~ j
In t h i s  marin er the pressure bu i ld—up and the heat  evolution (if an~ ) du r ing the

cel l  discharg e will be gradual and predictable in~ tead of being sudden and Un-

predictab le. Also , the addition of c a t a l y s t  ma~~
V prevent the formation of species

such as 5( . St . C l , ,  and t~ ~ r i ncrease  the el i  iL ’iency of Si. Cl , reduc t ion  at h i gh

rates . The formation of S~~
. SLCl~ does not a f t e c t  the eff iciency ~it  low rates

as demons trated earli er (10) where we discha r g ed St . C l .  with 9t~% efficien cy
based on 2 electrons per mole of Sod ,.

We evaluated the efficacy of the above approach by incorporating
various catalytic additives in the carbon cathode of the high rate spirally wou nd

l~ cells and testing their performance on the GLLP laser designa tor duty cycle

and their abuse resistance on force-discharge. This is described in the next
section of this report .

12
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I
IV. Evaluation of Catalytic Cathod e Additives

In Spirally Wound Hig h 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 evalu ated 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 demons trated

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 additive s 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 LL/SOCI 2
system. We selected six catalytic additives after a preliminary screening for

compatibility with electrolyte and ava ilability . 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 dells 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

13
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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 iCIng additive 1 at level B behaved similarly, but polarized during the 22nd

duty cycle as shown in Fig . 20. One of thes~ 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 mis behavior

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 G LLD duty cycle. The first pair had 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

bad ly di.r lng 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 . One pair delivered 7 bursts above 2 .5V a rid 16 bursts above 2 .OV 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 . SA but delivered 19 bursts above

2. OV and polarized during the 24th pulse. This pair of cells was driven 8 hours

into reversal at 1A without ingident. Maxinv~m measured cell wall temperature

was 43°C.

Additive 3

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. SV , rising

to 2. 85V dir ing 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

14
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‘1rose as the cells entered reversal a~ show n schematically in Fig . 16 , 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 l . 2 0 V ,
rising to 2. 15V du- ing the burst .  These cells polar i.~ed du ring 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 l~ cells usIng cathode additive 4 was tested on the
G LL[~ test. The voltage on the initIal 17 . SA pulse was 0. t , rising to 2 . 1V in

the f irs t  burst . The cell polar ized during th e 2 1st burst , but load vol tage
never reached 2 .5V and was below 2V after the 12th pulse , as shown in Fig . 2 5 .

AddItive 5

O n e  pair of cells using cathode additive & has been discharged.

The initial pulse voltage of 2 .60 V rose to 2 .85V through the firs t 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 ci the
cells , for example , these cells delivered 2 0 — 2 2  bursts compared to 1 7- 1 8

brusts realized from cells (9) without any catalytic additive. In view of the

t fact that the cathodes were unoptimlzed both with re spect to the amount  of

additive and the manner of impregnation , the 22 % Increase In performance was
rather sig nificant. The abuse resistance of the cells on force—discharge was

also significantl y improved . Although we did not measure the internal pressure
of the cells during the test and the ab ise , the fa ct 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 Wor k

The performance of the flat cells , that we developed for the G LLD
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 procedure s 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 mechanj s r :~
by cyclic voltammetry , couj ome~~ , a nd spectroscopy , carried out during the
firs t two quarters , paid off ha ndsomely in providing effective approach to
improve performance and safety of Li/SOd 2 D cells . Two promi sing cataly tic
cathod e 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 .

16
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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 (Al 
— 

(mu/cm 2 )

1. 7 .0  176

2.  (10 m u )  8.0 201

3. (5 mu ) 7.4 186

4.  8 .6  216

5. 6 . 2  156

6. 9 .2 231

7 . _ _ _ _ _ _ _ _ _ _  
8 .8 221

8. 

18 

7 .2 181
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TABLE 2

Performance of High Rate u/SOC!2 D Cells on GLLD
And Modified GLLD Tests at Room Temperature

LOAD VOLTAGE ON 17 .5A
Cathod e Configuration Bursts Above 2. 5V Bursts Above 2. OV
A 

_ _ __ _ _ _  

1:*
20 ” l1** 11**

B 

9* 10*
20 ”

C 

1* * 4 * *
25”

D

8 * 10 *
I 7* *  7*

25 ” 12* 12*

E 
- 

16* 16*

25” 11** 11**

F

_ _ _ _ _  

17 17

16* 16*
25”

11** 11**

* Modified GLLD Test at 6.5A

- - 
* * Modified GLLD Test at BA 19
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Fig . 6 current collector designs for the .~. 8 inch diameter  disc ca t t ~~d~~
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Fig . 10 Bottom of hermetically sealed flat  cell showing low pressure C NI seal vent
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Fig . 11 The anode and cathodes for a flat cell
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A EXPANDED
META L
W A S H E R

B :  Li ANOD E
C CATHODE

A

B

C

A

B ‘4

C

A

Fig . 13 Assembly stacking sequence for the flat cell
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Fig. 15 Lithium anode contact detail
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