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FOREWCHD

This report was prepared by Deleoa-Remy Livision of Gensral Mctors
Corporstion, Anderson, Indiana, on Air Force Cormtract Nr. AF33(615)-3487,
under Task Nr. 314522 of Project Nr, 3145, "Silver~7inc Electrodss and
Separator Research®. The work was administered under the diractiion of
the Static Energy Conversion Sesotion, Flight Vehicls Power Branch, Aero
Space Power Divisicn, Aero Propulsion Laboratory; Mr. J. E. Cooper waa

* task engineer for the laboratory.

The assistance of Dr. T. P, Dirkse, Professor »f Chemistry, Calvin
College, Grand Rapids, Michigan, as consultant on this project ia greatly
appreciated.

This report was submitted by the authors on 31 Auvgust 1967.

Publication of this report doea not constitute Air Porce appromal
of the repcrt's findings or conciusions. It is published only for the

exchange and stimulation of i1deas.

o Jo Lanins, Director
Electrochwmnical Research Departzent

J. A. ¥zraila, Projesct Leader
Eleoirochemical Research Depariment
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ABSTRACT

AMditions of 1.2% to 24 lignosulfonic acid in the negative mix is
helpful to negative plate cycle life. Tho uss of cotton fibsrs helps
to maintain the negative plate active material in place during cycle
1ifs, The surfactant EC-610 is the best choice for use in the sinc
negative materisl found to date, However, at cold temperatures, sur-
factanis appear to inhibit cycle 1ife, The ure of ,1{ Ethanc) in the
Degative material helys cell cycle 1life as well as surfactant FC-95.
Small percentages of acicular 7n) mixed with Kadax-15 appear to help
negaiive plate cycls lit's, The use of 2% to 5% 7030 aids the nagative
plate cycle 1ife av room .emperaturs but is detrimental to cold (30-40°F)
operation. The best electrolyte to date at €03 depth-of-discharge is 50¢
X0 yielding 220 cycles.
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I. Introductlon

The objectives of this program are to provide deslgn critaria for lorg
1ife (5,000 cycles), light weight (25 wh/#) sllvei-zinc batteries #-. mil-
itary serospace applicaticns. Effort w!Ill pe conrentrated on the ziac elen-
trode and sepsrator since these are rscogrnized as the major cauges of pre-
zaturs failure of the sllver-—sinc battery.

The specific items under study in this contract are:

A.
B.
c.
D.
E.
F.
G.
H.
I.

Mechanical Barriers to Zine Agglomeraticen
Surfactant Additions
Fundamental Studies on Surfactants
Particle Size and Morphology of Zine Oxldes
Zinc Electrode Fabrication Techniques
Influence of Membrane Separatnhr Characteristics
Sites for Zinc Oxide Overgrowtihs
Developmant of Faillure Analysis Techniques
Sizee of Zincate Ion and Soluble Silver Species in XOH
Membrane Pore Size Meesruremrints iu XOH
Stoichiometzic Ratio of Pc-mad Zine

ternate Method of S..fece Arsa Moasursment
Separgtor Davelopmant
Elsctrolytes

Factcers Controlling Zinc Particle 3izs Growtn

This report covers the first twelve month's work on most of the above

tams,

All test cells were evcled at 504 depth-of-discharpe at the twe—hour
cycle program of 35 minutes dlacharce amd 25 npinutas charge., Pour layers

of fibrous saussge casing wvere used for saparation in thess caells in ordar

to incure zinc plate failurs, That is to sny, that _a almost no Instance

was Lhwre any evidonee cf short—cirsuiting failure on thene tests for tha

standard 15-plata design,

3
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Paciual Data

A. Mechanical Barriers to Z2inc Agglomeration

In an effort to minimize the agglomeration of particles in the
regative active material, addition of the follcwing materials to the
n~gative plate mix wu-e tested:

1. shredded fibrous sausage cesing

2., shredded asbestos

3. zinc meeal

4. lipnosulfonic acid

5. cotton fibers

6. Avicel (a Tinely powdsred cellulosic material)

One Lundred and nlrety-one 25 a.h. cells were constructed utilizing
verious percentages of the above materials. Table I shows the cocl-
struction details, initial capacity, cycle data and appezrance of c¢~ll
ccmponents of inspected cells after failure., Cnntrol cells on this
tost ran from 24 to 180 cycles, averaging 140 cytles. The major cause
of failur-~ was loss of zinc at the tops and edges of the zinc plate
and agglureration of the zinc. PFigure 1 shows a typical zinc plals
from a contrcl cell after failure at 140 cycles. uJontrol cells on
this program are made with negative plates containing 20 g Kadox-15
sinc oxide, 2% HgO, anl 0,53 Emulphogene BC-610,

1. Effects of Asbaentos

Cells #1 through /27 containing asbeztos fibers in the nega-
tive uvlste in guantities 5, 10, and 15% did not increase the c;cle
life of the zinc plate, yielding 134 cycles. These falled by loas
of zine plate capacity I1e to washout around the efges and in
splte of the fact that the photomicrographs of falled sinc plates
(Pigures 2, 3 and 4) show reduced agglomeration by comparison
with Figure 1. Excapt for cells #1, 2, 10, 1 and 27, which were
overed lor examinmatlon after tha [irst discharge, all cells had

recelved an accurulated overcharge of 22-24 a.h. (~ 1.14% per
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cyole) at the end of 1life and fallure examination disclosed the
active material to be in the form of sins.

Considerable trouble was experienced in getting these cells
ready for test. They were given what appeared to be a normal
formation charge, based on charge voltage behavior; however, on
the first capr 3ity discharge, all cells gave less than one min-
ute capacity. At this point the above-mentioned cslls (1, 2, 10,
11 and 27) were opened for examination and it was found that the
ginc plates were substantially unformed, The remaining csells
wers soaked for an zdditional two weeks (standard procadure is
to soak cells one week bsfore giving the formation charge), then
they were given an additional charge of 50 hours at ope ampers.
The initial capacity data shown in Table I was then obtained on
a 15 ampere discharge rate.

Subsequently, 3-coll groups containing 0.5, 1.0 and 1.5%
asbestos were tested. Thesu failed very suddenly at 74 cycles,
even though plates were well-formed and showed relatively little
loss of electrolyte around the plate edges. These were, how~
ever, 19-plate cells, and it is thought that the additional 8
layers of fibrous seusage casing separation mey have dried out
the negative plates,

2, Effects of Shredded ?ibrous Sausage Casing

Cells 31 through 59 contained 5, 10 and 15% shredded fibrous
sausage casing in the negative plates anl yielded an averags of
146 cycles, The individual groups received a minimm of 16 - 24
a.h, of nccurulated overcharge and on teardown the negative plates
were gubstantlally 100% metallic zinc. Pigures 5, 6 and 7 show
representative photomicrographas of failed nezative plates, It
appears that the fibers have done a good Job of keeping the metal
dispersed; however, there ars mary gaping voids and aleng with
the loas of material around the slzes, there may have bsen a good
deal of loss in elactrical contact rrom place tc place in the
actlva materlal contributing to ioes in negative plate capacity,
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This test was repeated with 9-cell groups corntaining 1, 3
and 5% smredded fibrous sausage casing in 19-plate cells.
These all gave 134 cycles or less with some very early failures
(v.g. 14 cycles). In spite of the fact that these cells had
received an accumuilated overcharge of 40 a.h., teardown examin-
ation revealed the negative plates to be mostly zinc oxide. It
ias evident that these plates were not accepting charge for some
reason, or either the large quantities of overcharge oxygen was
axidizing the negative plates.

The 19-plate constructiocn was used for some of the cell
groups during this phase to determine whether going to more,
but thinner, plate construction could improve cycle life. Obvi-~
ously, it didn't.

3. Effects of Zinc Matal

Cells 60 through 86 contained elongated metallic zine
particles (#1208 gino powder) to the extent of 5, 10 and 15%
by weight. The groups containing 5% and 15¢ sinc powder aver-
aged very well at 171 and 168 cycies, while the group containing
10% zinc failed at 108 cycles. Thess groups accumlated 13 to 25
a.h. of overcharge during 1ife and showed substantially 100% zinc
metal on teardown. PFigures 8, 9 and 10 show photomicrographs of
failed zinc plates. That for 5% ginc (Pigure 8) is comparable
in density to the contro)l (Figure 1). The others exhibit a con-
siderable loss in active material.

4, Effects of Lignosulfonic Acid

Cells 126 to 143 contained ligrosulfonic acid in ths nega-~
tive mix in concentrations of 0.2, 1.2 and 24. These concentra-

tions yiclded average cycle lives of 84, 168 and 132 cycles, re-

epentively. Tt appears that too little of this addit've is not
encugh to be effective, and that an optimum gquantity aizound 1.2%
for beat 1life exists. Figures 11, 12 and 13 show photomicro-
grephs of ginc plstes from failed cells, Pigure 14 shous a
photomlcrograph of a sine plate from a failed control cell fer
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comparison. Apparently, the lignosulfonic acid can have some
disporasing effect although comparing tte particle siies in Pig-
ures 12 and 14 would lead %o the _onclusion that this is not
the major effect.

5. Effects of Cotton Fibers

Cells 150 through 167 contained concentrations of 5, 3 and 1%
of cotton fibers in the negative plate, Control cells (168 through
173) which were run with this group averaged 122 cycles, while
those with the fibers averaged 128, 144 and 138 for 5, 3 and 1%
respectively. These cells acoumulated 37 a.h. of overcharge
throughout cell 1lifa for 1.7% per cycle and showed substantially
1003 metallic szino in the negative platas on teardown. Pigures 15,
16 and 17 show photomicrograpbs of failed negative plates. Tile
additive appears to aid materially in keeping the metallic sinms
dispersed; moreover, it was the only one examined {of the mectan~
ical barrier type) which appeared to have any effect at all in re-
taining the sinc active material at the tops and edges of the
plates,

6. Effects of Avicel®

Avicel i3 a very finely powdered microcrystalline cellulose
(particles in the 10y range). Cells 174 through 191 contained
concentrations of 5, 10 ard 15% of this material and averaged 130,
96 and 72 cycles respactively. These shuvsd miubatectially 100%
metallic sinc cn teardown and they had accumilated 24 a.h. over-
charge through cycle-~life testing. However, their voltage be-
hawior throughout life was very srratic snd it !s concluded that
this zaterial has no merit es an addition ageat. Photomicrographs
are under preparation, y

s

As a matter of curiosity, three cells (147, 148 and 149) were

MC Corporation, American Visoosa Division, Neark, ¥, J.




bullt with 308 by weight shredded fibrous sausage casing amd
oycled at 40F depth~of-dincharge. These grve

3C0 cyoles, which

Eay be campared witb the 400600 cycles obtained witk 0,5¢
Exulphogens BC-610 obtained om the laat contrset,
shows a photomicrograph of a failed sinc plate, It
that 30% by weight of thia low-density material is Just too
such bulk and it keeps the sinc dispersed mo well that the
particles fail to maintain contact,

Pigure 18
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B. Surfactant Additicns

The following Emulphogene~type surfactants were tested in order
to complete the Emulphogens series, which 1a characterized by longer
and longer polyethylsrne-—oxide chains as the series goes up in mumber
from BC-420 %o BEC-840; EC-420, BC-720 and BC-840. The increasing
chain lergth of the polysthylene-—axids structure renders the mate-
sial more ard more soluble in water and water solutions, H~610 in
0.5% concentration was used in the control cells, FC-95, an anionic
flurochemical surfactant®, was also tested,

In addition, a group of alcohols wero tested to determine
whether the alcoholic functional group, in combination with varicus
chain lengths, might function in the same way as the Emulphogene.
These wers: tridecanol, propanol, ethanol, tertiary amyl alcohel
and butanol.

Table II shows the comstruction Ftoatnrsa, initial capacities,
ow~da 14fa Apén, and appearance of the cell comporents after fajlure.

Cells 1 through 91 were constructed with 21 platss ard three
layers of fibrous sausage casing separation. This was an attempt
to ascertain whether thin plate construction with reduced numbers
of layers of cellulosic separation might provide longer cycle life
for the same internal cell volume. The results spesak protiy cleerlys
the major cause of failure was short-circuiting in combination with
a very high degree of washout of the zinc plate sctive material.
Initial capacities and discharge voltage charasterisiics of theae
cells wers very good, at the expense of cycle 1ife, howsver. The
most noteworthy feature of this group of sells ia {slthough those
made with 0.5% BC-610 washed ard shortad) 1liks most of the others
that 1t achieved 166 cycles, vhere other groups were sherting or
otherwise failing arcumd 100-120 cycles, or less,

"Mirnesota Mining and Manufacturing Co,, St. Paul, Minnescta.
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Because of the short—circulting failure mode, the thin-plate con-
struction did not allrw a good evaluation of the surfactant series in
terma of their capability to extend zinc plate 1ifs ard the test wis ro-
peated with the standard 15-plate construction and four layers of f£ib-
rous sausages casing using 3-cell groups.

Calls 91 through 120 show the pertinent data, The BC-~{20 is prob-
ably 28 good as ™t no batter than the siandari 0,55 BC-610. The IC-T20
and BC-8/0 shov somewhat reduced average cycle 1life in comparison., PMg-
ures 19 through 25 show photomicrographs of the negative material from
failing cells for the surfactanta. A good deal of loss of active mate~
rial, or separation of active material from the grid, seems to be in-
volved in this whole seriss,

Cells 121 through 156 amd 157 through 192 con‘a’n various concentra-
tions of H-610 and were lifs-tested at 40°F. and 100°F. respectively at
Dayrad Laboratories, Dayton, Ohio, Cycle life at either temperature was
loss than tbat obtained at room temperature. The spread of data at any
ons temperature is low. If any conclusion can be drawn, it is that for
best cycle 1ife at low temperaturvs a low concentration of surfactant is
favored; at the high ‘emperature, s high concentration is favored.

Pigures 26, 27 and 28 show photamicrographs of failed nogative
plates at 40°F. for 0.15, 0.6 wad 1,J FC-610, respectively. They look
ruch like the material when it fails 1t rocm temperature around 160
cyvlea, Pigures 29, 3C and 31 show photomicrographs of failed negative
plates at 100°F. for the same surfactant ccncen.rations., The low temp-
erature cells failad in spite of the fast that they uere given 1-10% -
overcharge and the pegatives appeared to consist mostly of metallio
sinc oa fallure examination. 1~ high tumperaturs cells loat negative
plate capacity in spite of {-2% overcuarge per cycle,

Cells 239 through 306 contained FC-95 in cocrentrations of 0,1, 0,6
and 1%, There was a slight improvement as concartratimm increased. In
fact the 1% solution gave as good oycle 1if: as 0.5% Eroulp: ogane., The
photonicrographs are shoum in Figures 32, 32 pend 34, They look much

A .

aike tha photomlorographs for Emulphogens. The FU-95 test had a total

1 Best Available Copy




of 40 a,h., overcharge, which 1a ample,

Calls 193 throvgh 282 contained various percentsges of the alco-
hols. The control cells for this group (cells 283.-288) gave only 104
cyclea, Cycle life for these groups ran from 60 to 159 (except for
the ethanol) and the sinc plates showed mostly oxide on teardown sxam-
ination. Integrator readings for these groups showed that thsy re-
eeived less than 0,58 overcharge per cycle; consaquently, this carmot
be considered a good test of ithe several alcohols and needs to be re-
peated,

€. Punmia.-ntal Studier on Surfactants

The Second Quarterly Report on "iAdsorption of Organic Matearials
on Zine Electrodes® from the University of Texas is attachad.

D. Particle Size ard Morphology of Zinc Oxides

Ia an effort to determine whether the starting sinc oxide has any
effect on cycle life, a variety of axides, embodying wariations in pre-
paration process, particle size, crystal morphology, surface area, dop-
ing agents to improve oxile conductivity, and impurities have been pre-
pared and tested, Twsnty variaticns have been tested so far with results
as showm in Table IIT. The data to dzte show nothing of major signifi-
cance in compariscn with the stardard cxide, Xadox-15.

Photemicrographs have been preparsd for representativs sinc plates
from failing cells, Thame are not reproduced harein becsuse all the
samples hava not yet been subtmitted, Similarly, analysis of the data
will be held until all information is at hand for the preliminary
samplea, The Secon! Quariarly Progress Repert sulmitted by the Novw
Jersay 2inc Corpary is attached,
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E. Zinc Blectrade Fabrication Techniques

In an effort to determine whethsr negative plate cycle 1ife could
be increased by achieving an interlacing network of basic zinc axides
and, subsequently, of sinc crystals by means of wet pasting with 2nC0,
and ZnS0; additions, the following wet pastes were tested:s sinc axide
plus varicus concentrations of 2nCO3 and sinc oxide plus various con~
centrations of ZnS0,. In addition, admixtures of the acicular sinc
axides XX601 and XX4 to the Kadox-15 were tested.

" After drying platos made with wet pastes of the 2n30; additious
showed the prsserce of basic sinc sulfates in the I-rmy pattern. VWet-
pas‘ed plates made with ZnC03 additions showed simple mixtures of 2Znd
and 2rC05 in their X-ray patterns.

Table IV shows the initial capacity, cycle dats, comstruction
and appearance of cell components on failure analysis.

Cells 1 through 18 wers fabricatad with thin plates and 21-plate
construction with the uwsual four layers of fibrous sausags casing sep-
aration., Trouble on cycling was immedistely experienced, soms cells
falling before 20 cycles. These could be brought back by extended
overcharges bul they wouldn't last long anyway even after the over-
charga. 7This is believed to be an electirolyte starvation situation at
the sinc electrods due to the high rstio of separator weight, Control
cells (15-27) bekaved the same way..

It is interesting and must be significant of scmething that the
21-plate construction whick utilisged 293 and 20304 additions to the
pegstive plates did not experience this difficulty (cells 38-55).
These gave respectable cysle lives ranging froem 132 to 180 cycles
with the cells kaving ZnS0;-containing pegatives showing up a 1ittle
better, Thesa cells exhibited very heavy sinc mosaing arcund the
bottom and edges of the nNlates, although they did not fail by short-
circulting but by loss of activs material,

Cells 28 through 37 contained admixtures of XX4 sins oxide in 2,
5, and 10% by weight concentrations., These utilized thin-plate, 17~
plate conatruction, so ths ratio of plate weight to separator
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weight was higher than in ths sase of the 21-plate oonstruction. These

oycled without any problem, but their 1ife of 157 eycles doesn't rejxre-
sent any increase over that obtained with the 15-plate cons’ruction axd
the addition of Emulphogens BC-510.

A repeat test was made with the standard 15-plate construction with
negative plates containing Zn€03 and Zn30; (cells 57-76). Zome frprove-

ment in cycle life was achieved by cells containing wegatives with 5%
S0, and 5% appears to be a near—optimm concentrvilan. The addition
of 36003 vas definitely harmful on this test. Thes: zalls accumulated
14.4 a.h. of overcharge for sbout 0.6% per cycle azd they exhibited a
relatively low amount of washout. The negatives showed mixed axide and
motallic sinc on teardown., It seams posaible that these oells may have
done slightly dstter if given a 1ittle more overchswgs.

Cells containing 2 and 5% 2030, sdmixtures to the .1gative plate
vere tested at Dayrad at low tempersture. Tbey would ot syl at all
at 30%. or 40°. and hed to be brought back to roam temperature before
they wvould cycle. '

P. Influence of Membrane Separator Characteristiocs

The Third Quarterly Report of the RARMCO Divisicn of Whittaker
Corporation ‘s aitached.
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G. Sites for Zn0 Overgrouths

The basis for this approach toward extending the capacity and,
perhape, oycle life is %o provide crystal sites for péocipiution of
200 within the sinc plate itself, thus discouraging its transport .
through the saparstor and to tba bottam of the plate, Fast precipita-
tion should tend to increase the 3inc plate caracity by slowing down
the asouxulation of sincate ion in solution, which might be expected
in turn to slow down the onset of peassivation. Also, if precipitatiom
oould be imduced at the location where the sino is going into sclution
dm&.ng discharge, on the subsequent charge the formatiom of metallio
sins might be expected to take place at the same location, thus tending
to stabiliye the gecmetrical distribution of sino on the electrode amd
so pramote longer life.

Russian work (N, Julidov, Author's Certificate No. 116812 of
3/7/58) bad shown the possibdlity of uaing Ca(08),, vhich 1s quite in-
soluble in alksli, to accomplish this purpcse in the study of gino-
rdckel axide cells. Based on thet work, 18 cells were oonstructed, 6
cells each containing 1, 3 and 585 by weight of finely divided Cal in
the negative plate, initial capacities were checked, and the cells
cycls=1ife tested. The data are shown in Table V.

TARIR V

Initial Capacity and Cycle Life of Cells with
Negative Platss Comtaining Inscludls Cal

No, of Cells Cal in Negative Initial Capacity Jycle iLife

(8 by Weignt) (a.8.)
6 1 24.1 156
6 3 5 .9
5 5 238 156

The data show no obvious effacts on either initial capacity or cycle
1ife, anmd it 13 comoluded that the use of Cel doss not achievs the
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desired result, at least in these small concentrations. 7This is in
sharp contrast to the behavicr of BaSQ, in lead-acid cells which bas
apprecisble effects on capecity of lead plates when used in quantitiss
of less than 0,5%. A '

The reason for the insffectivensss of Cal additions (which was
also found to be true by V. ¥V, Romanov, ¥On approaches to Extermt
Service Life of the Nickel-Zino Batiery®) was showz by him to te due
to the slowness with which Ca(0H), induces precipiiaticn of sincate
ion from solution, Although substantially complete precipitation
oould be achieved in a 90-day period, it takes 30 days to reduce the
sincate ion concentration by one-~half. Romanov used a Ca(OH); con-
centration in the ratio of 1:12.2 to 2n0 in his plates, and he aban~
doned this approach toward extending sino plate sycle life,

A literaturs search has been made by Dr. W. VanDoorne (Calvin
College, Grand Rapids, Michkigan) in order to disclose, if possible,
othsr oxides or hydroxides which might possibly be tried out to
achisve thes Jasired effects, This survey 4s included in this report
as Appendix I in order to preserve the rerérancdnz system in his =e-
port.

The ssarch disclosed the following oaxides as possibilities -
all of which form colid solutions with 2nOs BeO, MnO, PeO, Co0, N0,
Cw, PO, Mg0, Cd0, Sn0. In additicn it vas found that both Ni(OH)2
and Co(OH)2 form solid solutions with 2n(OH)3. Thus, from the point
of view of crystal struoture, any one or all of thase might be tried
for their possible effects along the desired lines,

If the slowness of precipitation of sincate ion from solution
wers to hold, regardless of the naturs of the host crystal, then
this approach is doomed to failure in any case (for the 2-hour cycle);
hosever, irasmuch as this is not known at this time, such of these
materials as meet the critsria descrided below might be tried out
in the next year's werk.,

The criteria ares

one, the oxide or hyiraxids must be insolubls;
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pegative than that for the Zn0 - ZIn charging reaction.

The reasons for these criteria ars fairly obvicus. If tho mate~
rial is soludle, it can't remain in the plate in iis orystalline form.
If {4 1a reduced to metal at potentials less negative than that for
the Zn0 - Zn, then on the formation charge it would go to the metallic
state and remain that way on the plate, In the latter instance, it
would, furthermore, be disastrous to incorporate a substance with a low
hydrogen overvoltags, because then hydrogen gas generatlion rates wounld
be expected to become unbearabls for sealed cell operation, Pel is o
good example of the latter situation. It is wall kmown that the irca
electrode of the Edison cell has a very short charged atand 1ife be-
cause of the rate at which it generates hydrogen in the XOH electrolyte

!
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[] ‘ two, the cxide or lvdmido nust have a reduction potertial mcre

Reference to Latimer, "Oxidation Potentials,® 2rd ed., Table 85
(Prentice-Hall, Inc. 1952, Englewood C1liffs, N.J.) gives the line-up
in Table VI for the oxidation-redusiion potentials of the cardidate
axides or hydroxides in alkaline soluticna. '

TAHIE VI

Roduction Potentials

Couple ) 3
. Ca + 208 = Ca(OH)2 + 20 «-3,03
J Mg + 2 OF" = Mg(OH)2 + 2e 2,89
g e + 6 (B~ = Bex0s" + I B0+ 4e 2,82
- Mo + 2 OB~ = Mn(OH); + 26 «1.55
] o+ 208 = (OH)y + e 1,245
a+ 4 08 = Zn0™ +2 Hy0+ 2e -1.216
] Cr+ 4 CH™ = CrGy™ + H)0 + 3o -1.2
] Sn + 3 OB = HSn03™ + R0 + 2e -0.91
] 29
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TABIE VI (Continued)

|  Reduction Potentials | L IV % '
Coupls | o . g° o ‘ _ - ’
Fe+200 = PelcHp+20 08T | i}
B +200 = 2R0+28 -0.828 i o - 3
Cd +2 O = Ca(OR), +20 0.809 S J
Go+2 08 = Co(OH), + 20 0.7 3
KL +2 O = Ni(OHJp + 2e .2 3
2014208 = Cugd + B0+ 26 038 [l

Cup0 + 2 CH” + H0 = 2Cu(OH); + 2 -0.080
M +2 G = PA(OH); + 26 +0.07 L

{r;—,w-wz

On the baals of these data, only Ca, Mg, Be and Mn axidss or hydroxides
would not be expectsd to be reduced to metal at the sinc alsctrode.
Remanov has given up on Ca(0H)z and Mg(OH); and the 2=ta o2 this re-
port show that addition of Ca0 has no benaficlal effect,

BeO 1s quite soluble in strong NaOH, to the extend of 3 ¥ gn/100 gn
saturated solutiom. While it would be a sixzpls matier to saturate the
solution (sssuming that 4t would hawve a similar solubility in XOH) amd
then add excess BeQ to the plets, the solid phase in existence with
Be0 in concentrated solutiona is not BeQ, but BeO<NaCH'Hy0 (Saidell,
*golubilitiss of Inorganic and Hetal Organic Campounda,® 4th E4,,

Yol. I, p. 412, D. VanNostrard Company, Inc,, New York, 1958). If
a similar ocompound were to form in KOH solutiona, the crystal structure
would be changed, of course,

Solubility data for Ma{OH); in NaOH solutions show 0.03 grams per
414 molel solution with solubiiity increasing with concentralion
(Seidell, Vol, IX, p. 559). The prescnss of mangansse in ihe system

omve N ot B wwmeeen |

is to de escheusdi, however, because soluble permengsnates ara carisin
to be formed on chergs at tha silver cnlids plats which would oxidise
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the separator.

It 13 concluded fram the available informatiun that this wppicach
appears to be hopeless, and abandomuent is recommended,

H. Dewnlopment of Pailure Analysis Techniques

No work has been dope this year other than use of techniques al-
reedy established, except to take many more micrcphotographs of failel
plates, and to begln work oan the alternative msthod of surface ares
determination described bnlow in section L. Much of the contemplated
work is waiting on cycle life improvement possibilities.

I. Sises of Zincate Ion and Soluble Silver Species in XOR

In an attempt to achieve a better undarstazding of concantrated
KOH solutions, available data from the literature have been troated
as discussed herein. It is of interest to achievs a better understani-
ing of battery strength XOH solutions as a firm basis for further
studies on zincate ion and the soluble gilver species, For examvle, it
would be desirable to have a separator material which wouild allow free
migration and diffusion of KOR and ywt screen out the passage of zincate
jion and soluble silver species. In order for this to bs achisvable, a
sufficient difference in ionic (or molecular) dismeters wonld have to
exist between X' and OH" on the one hard and sincats and soluble silver
on the other. If an appreciable differsnce were to be found, then it
would make sense to try to develop separator xaterials with ¢ pore sise
large snough to admit free diffusiom of XOH, but small enough ts bhlock
sinca“e ion and silver. Conversely, if ionic (or molecular) sizes of
XOH (A%, OH") were to be found to be nearly equivalent to gincats and
silver sizen, then attempta ‘o develop separator matarisls to achisve
the desired end on a pore size besis would be useless, ard different
approaches would have %o be fourd,

The work herein reported mey be regarded as a firat approach %o
the protlem snd is incomplete in the sanse timt data for the esverel
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separate ions have not been achleved except in terms of upper and
lower limits; hovever, data in the existing literaturs can be
treatad to obtaiz molevuiar volumes far hydrated XOH 1in bettery
strength solutions,

Partial Molal Volumes

As a first stsp in the procedure, the density data* for KOH
solutions up to 50% by weight (680?.) were used to calcunlate the
volumes of solutions containing 1000 grams of water, The data
are shown in Table VII.

TABLE VII
Volumes of XOH Solutions (68°F.)

Weight £ " Yolumes of Sol=- Weight )iohlity
KOH Density utiocns Containing X0H m
1000 gr. Hy0 (c.c.) Grams

0 0.997 1003 o 0

2 1.016 1004 20 0.36

6 1.053 1010 ' 65 1.16
10 1.090 1022 12 2,00
16 1,147 1037 T190 3.9
24 1.226 107 317 5.65
30 1.288 1110 430 7.66
40 1.396 1193 668 1.9
50 1.512 1322 1000 17.8

From these 2ata, the solution volume may be plotted sgainst the
molality, a= in Pigures 35. The tangent to the curve at any vaiue

of molality provides data for the caloulation™ol the partial molar
volume., As an exanple, frum the tangent at 408 by weight, the volmme

#JACS, Apr. 1941, p. 1088,
%*3es, for evem. 1o, #Taxtbook of Prysical Chemiatry," Glasstone, 2m
Ed. p. 239, D, VanNoatrand Cec., Ine. 1945,

=1

*
»

= 2 &=

o~ ERETS e e e Ve e .. RN P s e 1 kb ST R SIS




0
{
|
[

f osaoe IS e BN amnt BN wsne BER vy

| A | e d  A—

B

=

]

et

of XOH in solution is calrulated to be 20.5 e¢.c. This may be compared
with 27.4 e.c, caleulatsd for the nolar volume from the hundbeok wvalne
of 2,044 gm. por c.c. for the density of 7-1id KOH.

From the molar volume, the volure per molecule of KOH in aolution
may be cal-ulated, using Avagalro's number

—20,5 23
6.023 x 1023 = 341 %X 10 c.C.

or 3.41 x 1023 x 10?4 = 34.1 cubic ingstroms.

If the moleculs is treatsd as a sphere, the molscular diametar ia
calculated to be

d3 - 6XT;:A.I - 65

d = 4°

On this basis, the diameter of either the X' or the OF~ ion would be
less than 4 A°.

Prom the shape of the curve, it ia evident that the molar volume of
the KOB gets progressive’y smaller as the concentration of solutiom de-
ersases, Thus at ny = 2 (10% by waight XOH), ithe nolar wolura s calcu-
lated from the tangent o be 12 o.c. per mols. Evidently, XCH acluticns
are uite non~ideal, anl the woleculer volumes of dissolved KOH and
water are far from boing additive. Just how far 4hey are from baing
additive ‘3 described in Figure 36 where the voluma per mole for KOH
solutiona i1s plotted arajnat the role frantion of X0Y. %heas data ware
calcuialed from Table VIT,

The deviation from idsality means, of courss, thet the ioms from
dissclemd TC! are more—or-less hrirsisd in oolutlon., As & conssquams,
the molaculare 7otuma and diameter praviously ecalsulated for ¥OH in 0%
solrtiorg may Lo crnsldercd 2o e eflobive valurs for I07 atriproad of
watsra of hrivcation, &l theatelors, nmot reprasartative of tha raal sit-
uation fn selsticn, Wolle Fiours 536 sazs thal thero iy & good deml of
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titativﬁ moans of detormining how much water is tied up by dissolved
KOH as water of hydration.

Degree of KOH Hydration

A very thorough review of the literature has not yet been made
in terms of ionic hydration numbers in strorg KOH solutions; however,
some information is availadble for comparison with the treatment which
will be male below. Por example G. Yagil hac found a hydration mmber
of 3 for OH" ion in concentrated KOH and NaOH solutions (JACS 85 (16),
2376-80, 1963) by means of reaction rate studies, in good agreement
with Ackermann (CA 55, 13054 &) who studied hydration by means of
infrared techniques. Brady and Xrause found a hydratioh mumbter of 4
for X* ion in concentrated KOE solutions (11.36% and 18.81% XOH, by
weight) using X-ray diffraotion (Norelco Report 5, 111, 1958). The
latter article elso contains reference to theorstical means of cal=
culation of hydration mumbers. Textbook values (Glasstons, "Textbook
of Physical Chemistry, p. 921, 2nd Ed. D, VanNostrand and Co., New
York, 1946) of hydration mumbers for x* 1on in X0l solutions of 5.4
and 10.5 are given. ‘

At any rate, a treatment which enables calculatiwn of hydration
pumbers of XOH a3 a function of concentration is proposed, nereby,
which 1s belisved to be novel and which indicates that hydration
nuzbers depend substantially on ccnceniration,

The concept and treatment of data are very simple.

Determimation of molesular weights from freeszing point depres~
glom, bolling point slevation, vapor pressure reduction, etes., are

-all commonly used techniques, and any standard elementary physicel

chemistry text provides the theoretical basis for maling such deter-
minations, Murthermore, the same texts discuss solutlons of strong
elecirolytes, whars 10C% ionization is sssumed to be the casze., Ths
major problem seers to te that such experimental data are good culy
for rslatively dilute solutiona (1 to 2 molal, or less).
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When freesing point deprsssion data, boiling point eleva‘ion data,
and vapor prossure lowering data for KOH solutions are examined, it is
apparent that the quantitiss involved are substantially larger than
those which can be caloulated on the baeis of the sixmple theory, asmm-
ing 100% ionisation, as concentration increases beyond 1 or 2 molal,

It 1s suggested, therefors, that this result ocours simply beccuse of
the hydration of ions (and/or moleculos), and that cowvarison of the
aotual data with thet calculatad as theoretical based on 100% ionization
(fron Raoult's Lav) can provide a means of determining the extent of
hydration, What this means is: becauss of hydraticn, the water of
hydration becomes a oomponant of the solute* and, uonsequertly, the
real concantration of solute becomes appreciubly larger than that cal=-
culatsd from the straight molal quantities of each camponent originally
added in making up the solutionm. )

7he vapor pressurs lowering relationship is chosen to 1llustrate
the methad of data treatment., In Figure 37 are shown the measured valuss
of wvapor preasure of water for solutions of KOH up to 50% by weight at
687, (International Critical Tables, Vol. III, p. 373). On the same
graph are shown values of the vapor pressure calculated from Raculi's
Lav based on 100% ianigzation (this latter curve is different from the
one shown in Pigare 24, Second Quarterly Repori, because Racult's Law was
improperly handled in calculating the thaoretical vapor presgure lowering

in the earlisr report, as pointad cut by Professor Dirkse ir. a private
comnmication dated May 15, 1967),

The %ie-lines drawn in the figure indicate that a 3 molal solution
behaves like a theoretical 4.5 molal solution, a 5 molal scluticn bo-
haves like a thscretical 9,3 molal solution, an 3 molal solution bebaves
1ike a 21.8 molal theoretical solution, and so forth.

Now, a 9,3 molal solution eontains 55,6 moles of water in the ratio
9.3/55.6, 30 the 5 mola> solution behaves as though it contains vater in
the same ratio.

#3¢0, for example: MIonic Sizes," 3tern and Amis, Chem, Rev, 59,
Peb. 1959, p. 23,

fe s
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1 55.6
I = 299

But, imamuch as the 5 nolal sclution actually contains 55,6 moles
of water, then 55.6-29.9 = 25,7 moles of water have beocme part of
the solute as water of hydration. Therefors, 25.7 moles of water
are asscciated with 5 moles of XOH for a hydration pumber of 5,14.
In similar fashion, a hydration nunber can be calculated for each
ooncentration of XOH, and the curve desoriled in Figure 38 i1s ob-
tained, The curve indicates that the mmber of moles of water
associated with one mele of XCOH falls off as concentration is
inorsased,

Now we ars in a position to calculate the sisge of ths hydrated
poleculs. Using & 40% by weight solution (11.9 m), from Pigure 38
it is seen that 3.6 moles of water ars tied up with 1 mole of XOH,
Because there are 11.9 moles of KOH in a 40% soluticn, 42.9 moles
of water are hydrated, leaving 12.7 moles of aolvent water. If it
ia assumed that solvent water has the same spscific volume azs pure
wvater, then the volume of solvent water 1s

12.7 % 18,1 = 230 c.0,

But, fram Plgurs 35, an 11.9 molal solution contairing 1000 grams
of water has & volume of 1190 a.0. Therefore, the volume of
kydrated KOH is

1190 = 230 = 960 c.c,
or 960/11,9 = 80.6 c.c/mole

“be valus of 80.6 c.c. psr mole may be comrvared with the additive
value of 90,9 calculated froax the molar volume of solid XOH armd
that for 3.6 moles of water., '

Azain, using Avagadrot's number, the volume per hydratsd mole-
cula for XOH in a 403 solution is

—B80,8 ~23
6.023 x 1023 T 1A X107 e
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or 13.4 X 10723 x 1024 = 13, cublc Angstroma.

If the hydrated molocule is treated as a sphsre, the molecular diameter
is ocalculated to be

& = bf;.‘ru" = 255.% cubioc Angstroms

d = 6,354°

Por a 4 molal solution {hydration mumber 5.6), tho volume per molecule
is calculated to be 187 cubic Angstroms ard the spherical diametsr to
be 7.1 A°. On this basis, the diameter of elther the hydrated X* ion
or the hydrated CH ion would be leas than 7.1 = 6.35 A°, over the con-
centration rarge involved.

The phass diagram for XOH - H0 soluticns indicates formation of
the solid compourd, KOH-AH0, at 44% XOH by weight (-28".). This is
13.9 molal, for which there are axactly 4 moles of water per mole of XUH
available for hydration. At the freesing point, the degree of hydration
may be regarded as corresponding perfeotly to the availahle water. It
is interesting that the projected curve of Pigure 38 lies under 4 waters
of hydratioe for the 44 weight £ sclution., It would be expected cn this
basis that the degree of hydrztion should decrsase as temperature in-
ocreases, ard it would be interesting to go through similar salculations
for vapor pressure curves at other temperatures, as well as similar

treetments of the freesing point depression curves and boiling point
elevation curvss.

It is interssting, also, that at 4 mclal (18.8% by weight) the total
nydration obtalned by the scheme used in this section is 5.6. This mey
be compared with a possihls expected total of 4.0 + 3.0 = 7,0 from the
referencet quoted at the begirming of this sectlion,

Pigure 39 al ows the total moles of both bound and frse walsr, calou-
lated frcm the data of Figure 38, as a function of concen‘ration. The
data of thias curve corrsots the upper curve of Pigure 26 in the 3ecomd
Quarterly Report,

On the basis of the faot that the phase diagran shows the ccncentra-
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tion of KOH to be 52.8% by weight (20 m) at a freesing point of
66%., ancther point can be located o the curve of Pigure 39 for -
20 mola) and it would correspond, of ocourse, to 55.6 moles of
bound water. (This assumes that the vapor pressure of water at
the freesing point would be substantlally nil), Extrapolation

of the actual vapor prossure curve of Pigure 37 to zero indicates
sero vapor pressure around 20-22 molality for a hydration mumber
of 2.6 - 2.8, :

Ion-~-Icn Agsociation

In the Second and Third Quarterly Reports, scme speculation
vas given to the possibility of ion-ion association in st ong KOH
solutions, on the basis of Pigure 26 in the Second Quarterly Re-
port, and on the basis of the fact that the product of the con-
dustivity and the viscosity dirvided by the molarity was fimd to be
not a sonstant at 20°C. Professor Dirkse in a similar calculation
(private commmmication dated Mgy 25, 1967) showed conatancy of ihe
function RA/L for KOH solutions at 25°C. Consequently, the data
wers recalculated for 25°C. using the viscosity data given in Table
%, page 155, of "Characteristics of Separstors for Alkaline Silver
Cxide Batteries -~ Screening Methods¥. These data vere found to
agree exactily with viscosity data given by Hitchcock and McIlhermy
(Ind. & 2rg. Chem., Vol, 27, p. 466). Data for corductivity at 25°%C.
were obtuined from the resistance values of XOH at 25°G. given in
Tabls 2, pages 149-150 of the Soreening Mathods reference given
above, Table VIII shows the data and the caloulatod valuse of
n k. |

TAnlE V111

Data for the Funotion nA/0 for XOH 3olutions at 25°0.

Comentration
(Molarity) n A A n A/
0.6 0.91 0.130 0,118 0,198
0.8 0.93 0.1% 0.15% 0,197
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TABIE VIII {Continued)
Data for the Punction n)/C for KCH Sclutions at 25°C.

Comoentration
(Molarity) 7 A nA ne
1.0 1.00  0.200 0.200 0.200
1.5 1.03  0.295 0.304 o204
2.0 1,10  C.360 0.352 LT onR T
4.0 1.40  0.575 0.805 0.201
6.0 1.83  0.840 1.17 0.193
8.0 2,42  0.620 1.5 0.187
9.0 2.2  0.583 1.6 0,182
10.0 3.30 0,541 1,78 0.178
11.0 4.00 0,505 2.03 0.184
12.0 4.83 0.60 2.22 0.184
13.0 6.20  0.405 2.50 0.193
1.4 7.00  0.387 2.m 0.202
Avg. 0.193 £ 3.6%

While thers is scme variaticn in the valuss of n)/C, anl, possibly
a minimm in ths value near 10.0 mclar, actually the valuss lie within

an average deviation of + 3.68 which i3 probably not cutside the limits
of experimental error,

The point is this: 4f nA/ ia truly a constant, then thers should
be no ion-ion association effasts in XOH solutions, even up to 45% Yy
veight, and, consequently, no regard meed be given to such possible
effects on the welues of hydration numbers ard icn sizes, as was
attempted in the Third Quarterly Repnrt (see taxt, ppe. 4 and §, and
Mivstration, Pigure 2). Again, it mey be suggested that a body of such
data zhould be obtained with tsmperaturs as a parszeter. Theas data are
vaTy interesting in terms of XOH sclutions, in view of the existing theory
comvemming loo-icm assoclatiom in sircony slectrolytss, Similar wurk for
solutions (other than XCH) of high-concentra“icn, sirong elsatrolytes 1s
also suggentad, in order to sheek ont slsatrolyte theory in %tbis reapect,
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It seems possible that a good deal of this night be accemplished
with data already existing in the literature. '

Zincats Ion

4 simple technique was used to measure the velume increase of
8 458 solution of XOH as increasing amounts of 3n0 were added at
7%, A 500 c.c. volumetric flask was filled to the calibraticn
mark with 45% KOH. Weighed amounts of Zn0 were added and when
solution was complete, the increase in the height of ‘he meniscus
in the peck of the flask wes measured with a centimeter scale, The
interral diameter of the neck of the flask vas measursd, and so,
knowing the 1.4, and the increase in height of the liquid levsl,
the volume changs could be calculated. The results ars ahowa in
Figure 40. The shape of the curve is slightly S-like; hovever, a
straight line was drawn through the points ard its slope = 20,9 c.c./
mole, This may be compared with 14.86 o.c./mole calculatsd from the
bandbook value for the density of solid ZnD. Therefore, the oxide
ocoupies mors volume when dissolved in 45% KOH at room %ampsrature
than it does in the dense solid stata.

Treating the 2n0 as a dissolved molecule and assuming a spheri-
cal oonfiguration, the diamster may be calculated. )

X 0
% = 34,6 cubiec A° = volume/In0 moleculs

P o= 3 a8 = 8.2
4 T

r = 2,2 4°
a = 4,04 4°

This value may be regardsd as a valus for uniocnized and unhydrated
20, However, as Dirkse's Aata show tha molsouls is lilmly to exiet
a8 the Zn(OE)zoZH;gO ion in solutions of stronmgly alksline XOH. This
is equivalent to Bn0,;™+4H20, or a 2n0p™ ion with 4 waters of Mydra-
tion,
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We can estimate a minimm volwe for 2r0,~.4E,0 in the following
way. From the data of Pigures 35 and 36 the volume of one mols of bound
vater in 455 XOH may be calculated to be 13.4 c.c. per mols. Next, using
the value of 14.36 ¢.c./mole for 2n0 in the solid omtdlndudding‘:
13.4 = 53.6 5.0., we obtain 68,5 c.¥, per mole for 3n0p" «4Ex0 u:lthoue

scoounting for the extra axygen atam. Then,

68.5 x 1024
6.023 X 1

a3-6—";—r32-'-’*-217

= 113.4 cublc Angstroms

d = 64°

50, & minimm dimension for a spherical 2n0,"+4B,0 icn is 6 A% diaxveter,
which is not very different frem the values 6.4 ~ 7.1 A° caloulated
previously for hydrated XOH molenules. While 6 A° is unquestionably
slightly too small, 1t could be conoluded that the construstion of a
separator menbrane which would screen out ginc diffusion, yet allow un~
inhibited diffusion of XOH, is simply out of the question ®ased on pore
aize alone.

Howsver, it should be remembersd that the diffusing sincate iom las
to drag along two Lydrated Xt 1ons with it, so same differential cculd be
involved. This can be estimated using the value of £0.6 6.c, per mols
for hydra‘ed YOH previcusly calculated, Thus, if cne-half the value cf
80.6 is assirmed to & hydrated X' iom, then the total volums per mole for
2 K* loms (Mydrated) and 3n0p" *4Hy0 would be 149.1 6.c. per mole. Then,

149.1 x 10%4

m 249 oubdc Angstroms
O = S22 . s

a4 = 7,84°
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This value atill doesn't appear to be sufficiently larger than
those calculated for hydrated KOH to attempt to meet the proh}.am
by reduction of pore size in’ aapa.rators. '

The question might also be a*ked:s is there any experimental
wvidence bearing on the situation in terms of relative diffusiom
rates through membranes? In Table 5 of APL-TIR-&4-85 (final report
on Air Porce Contract Rr. aP33(657)-10643, dated 1 August 1964)
flux rates for XOH and sincate ion diffusion through regular pore
size fibrous sausags casing (RPS) were measured to be 1,1 X 10-3
for XOH under a concentration differenze of 12 M and 4,0 x 107
for Zn0,~ for a concentration difference of 1.3 M (in 45% KCH).
Uzing an estimated a~.cage value of D for KOH of 1.4 X 10™5 cn?/

ec. and a value of 1.8 X 10 for D of zincate lon in 44% KO,
the value of flux for KOH might have been expected to te

%X%zﬂtimsthatforsmte ion, M,L.oxw‘éx'm:

288 x 106 ¥ 0.3 X 1073, and for this membrane XOH diffusion was
1.1/0.3 = 3.7 times larger than expected in terms of cur previous
conclusion regarding the possibility of obtaining screening on a
pore size basis. This cculd mean that some screening of sincate
ion was being achieved., Comparing the small pore size (SPS) mem-
brene in the same table of reference, the factor was 0,75/0.22 =
34, which represents lesa screening than was achleved by the
regular pore size material, Going on down the tahle, valnes of
the screening factor lying betwsen 1.3 ard 4.6 (the latter for
control fibrous sausage casing} are obtasined., ¥Fcr the best of
the RAI materials, i.e. 2.2XH (Table 6, pame reference) £ value
of 3.2 for the screening index was found, These date, if reli-
able, would indicate same hope for being ahle to obtain screening
of sincate ien through pors size reduction in spite of the previous-
ly estimated values for ionio (molscular} sizes,

It can only be comoluded thet additional information is
nocossary, either by way of prepuration of amaller pore size
memhrenss or by way of mors refined meagurements of ionlc sizes,
or both.
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While no experimental work has been dons ov the dstemination of
the size of soluble silver species, scme inforwation is available.
Pirst of all, negative ions do not vary greatly in terms of ilonic
dimensious* and, furthermore, if the solutle silver specles is Ag0",
4t should have a smaller hydration sheath than the doubly charged zin-
cate ion. From the experimental point of view, however, in the just- "
mentionsd Tables of raference, values of soluble silver flux equivalent
to those for sincate lon wsre measured. On this besis, it is concludasd
that remarks epropos of sincate ion diffusion also apply to diffusion
of the soluble silver apecies.

J. Membrane Poru Sise Measuremeris in XCH

This work is just getting underway. It is expected to be done by
oompetitive diffusion rates of different sisze neutral molecules in soluv-
tions of battery strength XOH, The first stsp is to find some neutral
molecules of different sises that are sufficilently soluble in strorg KOH
to give & satisfactory concentration gradient, toat are stable in strong
XOH, and that are not adsorbed in the separator membranes,

K. Stoichicmetric Ratios of Pormed Zinc

This work is schaduled to start in the first quarter of the secomd
Yyear,

#3ee 3terr. ard Amis, "fonio Sixes,® Talle 14, p. 30, Chem, Rev, 59,
Pab, 1959.

See alan Monk, "Flectrolytic Disscciatlen,® Table 14.4, p. 271,
Acadamis Prees, Nes York, 1961,
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L. Alternate Mathod of Surface Arsa Measurerent

This proposed method of investigation of surface area of sinc
electrodes is based on the fact that zinc can form a passive layer
on discharge because a Zn0 or Zn(OH)2 gol4d product can bs formed
film-yise on the surface, at high rates of discharge and low con-
centrations of KOH and at low temperatures, much faster thun it
#vill go into solution., C, M. Shepherd (Ravel Researca Laborator-
ies, Unreported Work) bas ¢ “eerved discharge voltages as high as
40 volts on pasgivating zine surfaces. This was acoomparied by
the formation of a bright blue color, The bright blue color 19
frequently observed on ginc electrodes which hgve failsd on cycla
1ife testing, particularly at low temperatures (30-40°F.), although
it is zometimes obeerved on failed zinc elsctrcies from .cells
cycled at rocm temperature,

The bright blue color bespeaks the possibility of an oxide
£1lm thickness which could be of the order of 500-70C A° thick
(xubaschewski and Hopkins, *Oxidation of Metals and Alloys,* see
p. 100 et saquo, Butterwerth Scientific Publicaticne, Landon, 1953;
see also the disriasion by U. R. Evans, "Metallic Corrvsion, Passi-
vity and Protection®, Arnold, London, 1946).

Because of the thimness of these paselvating films and their
constant value as indicated by color, the amount of current that
is passzed In order to achieve passivation should be dascriptive
of the surface area even on rough surfaces ard porous electrodss
rovided particle size of the metallic zinc is several orders of
magnitude greater than the thickness of the passivating film,
Thus, one ocould, for example, measure the time to passivatiom
over a range of high current densities on f at sheet gins and
determ’ne £ilm thickness from the mmbar of coulombs passed.
Then, at the same electrolyte concentration and temperaturas, the
current a% which passivation occurs for a porous electrode for
the same time interval would be fourd. Asmming a surface rough-
ness factor of ome for the flat sinc shoet, the surface area of
thes porcus ejecirode would corrsapord to the ratlo of surrernt
valnes necapsary t6 achlevs pagsivation at the sare walus of time.
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It 1s interosting that this method bhas been uned recently by B. A.
Buller end A. U, Blackham (Final report on JPL Contract No. 951554,
Contract NA37-100), *Stulies of kuation Gecmetry in Oxidetion snd Re-
duoticn of the Alkaline Silver Electrode,® Section II, April 10, 1967;

see also J. A. Allen, Truna. Par. S0c. 48, 273, 1952) tc determins the
surface area of sintersd silver elscirodes,

On this program, work cu the sino electrode has just been started
by T. P. Dirkss at Calvin College. The following surface treatment of
sheet ginc electrades vas used for 99.999% sinc. They were degreased
in ethylens dichloride, given a alight atch in dilute K1, rinsed thor-
oughly and dried, Next they were painted with a polystyrens cemsnt to
expose an avea $* x 3% 1o the electrolyte. Just before use the ginc sure
£ace was rubbed with a fine (3/0) silicon carbide paper and rnsed with
distilied water, They were then placad in a 108 XOH bath at room temper-
ature, soakad for five minutes, and discharged ownor & range of currents
against working charged nickel axide slectrodes, The .ange cf currents
vas selectad to obtain voltage drop %o zerv voltas in 10 secords or lsas.
Amalgamated zinc elsctrodes were also rin, Amalgsmalion wvas accomplished
by dipping each sinc elsotrode in a solution conmtaining 50 gu/l. of Egll,
and thoroughly rinsing with water.

A sumery of the results is given in Pizure 41. 7The data indicate
that there 13 not aay appreciable diffserence bstweean the plain and the
aralgamated ginc. From the data of Pigure 41 a plot of time-to-
passivation vs. ouxrrent can be made as in Pigure 42, Prom both figures,
it 13 evident that as current decreases, the number of oonlombs of gine
used increases, consequen’ly some film solulion is {rdicated, if the dis-
abarge process is formatica of a 200 o Zn{OR), file followed by solution,

Taking the 4 seaord data from Figure 41 4% is seen that 1.08 coulombe
have becn passed. Using Paraday's lav,

1,683 x 12,7
Wy, = %W w 3,68 x 1074 gma of Tn

were rogcisd. Assuming a surfece rougimesz factor of orne, this would mean
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that the £2llowing thickness of zinc has reacted:

t = %%—’-;—-}—o—g = 0.313 x 10% = 3130 4°

Due %o +he roughening treatment given the sample wi{ . the silicem
carbide paper, the roughness factor is unknown, If the rouglness
fantor vere as large (say) as 10, than the thickness of zinc
reacted could be as emall as 313 A°,

After establishing the valibrution curve for sheet ginc
some Delao-Remy negatives were run which had a geomstric ares
of % x 4%, The results were as suown ir Table IX.

TABIE IX

Passivation Times for Porous Electrodes

FOET (umpares)  (secomds)  (smperesseocnds)
1 2.4 4.0 9.6
2 1.8 5.2 9.4
3 1.8 7.2 13.0
4 2.1 8.1 17.0

Compering these with the zinc zheet data from Pigure 42, the rels-
tive current valnes indicate surface areas of: 8.9, 7.2, 8.1 and
9.9 times ths surface area of the sheet ginc elecirodes, for elac-
trodes nunbers 1 through 4, respectivelr,

If the roughness factor of the sheet sinc electrode were (say)
10, then the surface areas would be calculated to be 99, 72, 81 axi

99. A C.25 eq.in. section of & Delco-Remy negative ecntziza 0.4
gmn. of gino in the Mlly-formed condition, 20 a surfacs area of
around 200 sqg.cm. per grem of zing would be estimated from thece
data.
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It should be rscognized, however, at tris point in the experimental
proyram that all these data are illustrative ocnly. The uncertainty in
the roughnesa factor of the sheet ginc is high, The sharp slope of the
increase in the coulonbs passed vs. current 1s a good indicator that the
technijue for establishing passivily on the sheet sinc electrodes needls
to bs rxanined in mre dilute electrolytes and at lower tempevatures in
arder to induce a lower solubility rate of the ginc axide formed om dia=
charge. RHRydrogen gessing on the ginc surface before the discharge (4.,
cathodic preelectrolysis) should be examined as a means of surface reduc-
tion of any oxides which might be existing on the surface, It is planned
to oontinue this work in order i be able to achieve a realistic estimate
of surface area of porous sinc plates, The primary objective is tc use
the techniquu as a tool in fajlure examination work; however, it could be
useful in relating capacity to particle size and mrﬁcu ares in the in-
terest of designing for high initial capacities.

M. Separator Develoynwent

;o8 Pirst Quarterly Report from RAI Research Corperation is attached.

| P llwtro}ﬁu

A study of electirolyte mixtures, using percentages of 45% ard 50% KOH
and 45% NaOH in addition to varying layers of seperator material, vas
socumplished,

Teble X shows the cell construction cycle data and failure analysis
of scme 60 oells tested. The best combination was one layer of asryloni-
trile mcnomer and four layers of sellulosic membrane in 50% XOH ylelding
8 oycle life of 220 cycles. Add’tional work is planned in which strongly
basio tertiary amino hydroxides will be used ss elsatrolytes.

The mixtures of XOE ard NaOH were tried out becauss previcus expr-
ience at lover depths~cf-discharge (2% and 40%) hed shown that KaOR in-
ereassd cycle 1ifs over equivalent weight concentrations of KOH, The
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RaOH-containing electrolytes just could uct support the rates of charge

necessary on the 2-hour cycle regimen at 60f depth-of-discharge, Cherge
voltages went wvay upj the cells heated up, anmi gassing resulted indicat-
ing ineffioiency of charge. ’

0., Pactors Controllinl 2inc Particls Size Growth

The original work plan called for examination of the Influence of the
following factors oo mine particle size growth in oyeling cells:
Curreat density and time
Mechanical barriers
Surfactants
Initial Zn0 particle sizo and shape
Overgrowth sites
Combinations of the preceding factors.

Photamiorographs bave been mads of all variations of ginc plates
tested on this program, or are in process of being made. It is recalled
that the resson for this portion of the program was the remarkable effect
of the Ermilphogene BC-610 in keeping the zinc particle size sxall and
disperse in comparison with the 2% PVA as evidenced by Pigures 47 through
51 in APAPL-TR-66=79, In tha current program it should be remembsred
that 0,55 BC-610 has been used in all regative Llate formuiations, except
those whers the surfaotant itself 1s under study. 4s a covsejusnce it is
to be expected thet fineness of particle size and diapersity will be at
least equivalent to that of the control cells containing 0.5% BC-610, un~
less some factor resulting from a variaticn unmer study were, actually,
to increase ths particle size. Another consideration is the fact that,
in the first year of this progrsm, no veriation has been found which ex-
tends life of the cell beyoni that obtained with the use of 0,5% BC~610
and Kedax-15. Kadox-15 has a particle size of 0,11 ;, and so far uder
the current program, only two matarials have been tested which have a
finer particle sise, i.e, ths high surface area wet process matarials
243-63-1 (0.031 ;) and 243-67-2 (0.C25 ). The point being driven at here
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18 thiss that use of the BC~-610 and the Xadox-15 may have extended
cycle 1ife to the point where particle sigze and dispersity no lemger
control life, i.e. another fastor now needs to be controlled. The
factor of concern is believed to be the loass of negative active mate~
rial from around the edges ard at the top of the plate. It is speci-
fically noted that this dces not represent any appreciable loss of
weight of active material, but it does represent a redistribution of
the active material on the plate. 7The result of this radistribution
is, effectively, to almost double the current density to the active
mterisl, based cn the geometric area (i.e, not necessarily trus cur-
rent density based on active material true surface area)., Neverthe-
less, doubling the current density on the bhasis of the geometric area
might almest double the IR loss through the separator causing a drop
in voltage which would contribute to shortened 1ifs., However, the
active material photomicrographs may be examined for particle size
axd dispersity effscta.

The effects of current density, time and temperature will be
determined in conjunction with the atudies on atoichiometric ratios
of formed 3ine, scheduled for investigation during the second year,

Most of the photomicrographs shown in this report are concerned
with the use of mechanical barriers to agglomeration (Figures 1
through 18). All these may be compared to Pigure 1 which shows the
control plate eonteining 0.5% BC=610 from a cell which f=21led at 140
cycles. Pigures 2, 3 ard 4 for the asbestos fiber additions show
that perticle size and agglomeration are, indeed, reduced for an
equivalent number of cycles (134). Asbestos is a magnesiun silicate
and i1t tends to dissolve and gelatinise in strong X0H, which may have
been the reecacn it interfered so bedly with the formation process,
even in concentraticns as low as 5% by weight in the platea, At any
rate it did not increase oycle 1life.

The shredded sausage casing (Figures 5, 6, 7 and 18) also kept
the gzinc fron aggzlamerating, but the photomierographs ehow largs
void areas, probably dus to tha gradual dissolutionm of the material,
Except in very large quantities (30% by weight, Pigure 18, Tadle I),

42

i
H

T @

e S et |

3 ot 3

-y
it

[

-y g e

.-

e

~

~

S

AY
3




)% {
h'l
£
ey,

- e X
. T
" K
E ! 4 .
D . . . t s
. W
' 5 - i - N
et Akt bl o . 1 b b 8 A a1 e o o 3 o o i i

1t did not prevent shedding around the top and sides. 7The large vold
spaces might de expected to resuit in losa of contact of the metallic
3ino resulting in loss =i capacity also. At any rate, its use didn't
increare cycls life,

%%e fact that the 303 by weight sample prevented shedding almost
completely brings up another point for dlscussion. Unless relatively
1ittle (say 5%-10% or less) of the organic fibers turn out to de useful
in extending cyols life, their practical effect is to increase tha plate
volume considsrably becawe of %heir low density, which would mean a re-
duction fu thy velume performance. Morsover, because of sheer tulk thelr
use could resvlt in loss of metallic zinc contact and consequent reduction
in perforzance, Thuz, at 308 by weight, the shredded sausage casing
yielded only 21 a.h. on tha initial capacity test and gave only 300 cycles
(at 40% deptb-of-diachargse) in spite of the fact that shedding was pre-
vanted,

The effeotz of metailic ginc alditions to the original formulation
are shown in Pigures 8, 9 and 10. The stats of sgglomeration of the 5%
sample (Figure 8) looks very much like that for the ocontrol coll (Pigure
1) allowing for the difference in magnification, and the 5% addition may
have provided a alight insrease in cycle 1ifs. This material (#1208 sinc
metal), while slongated in shape, is more nodular than fibroua. The use
of fibrous zinc should probably be reinvestigated if a source of real
fibers can be obtained.

The lignosulfonic aoid additicns are intereating. Their photvamicro-
graphs are shown in Pigures 11, 12 and 13, Figure 14 shows a control
plate also at 200X maguification for comparison. This material did not
prevent agglomeration; in feot it is much more advanced for equivalent
mumbers of oyclas (compare Pigures 12 and 14). 1In spite of this the 1.2%
lignosulfonin ecid additions yielded slightly bettsr cycle life than the
oontrols (cells 132 through 137 vo. cells 123, 124 and 125, Table I).
This additive should be reinvestigated both by itself and in combination
with varied amounts of the BC-610,

Of all the matariais tri:c. out as mechanical barriers to agglomera-
tion, the one that worked best was the cotton fibers. Photomicrographs
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are shown in Pigures 15, 16 and 17. Thede are at the 100X megnifica-
tion and may be campared with Figure 1. One percent of this material
(rigure 15) is sufficient to keep the matallic sinc in a very finely
divided state and vhile these cells ylelded only 144 oycles (Table I,
cells 163 through 167), they averaged better than their controls
(cells 168 through 173) which gave an averages of 122 cycles, It is
planned to reinvestigate this material.

The Avicel photomiorographs are not yet available.

As far as the surfactant series is comcerned, i.s. EC-420, HC-
610, BC~720 and BC-840, photomicrographs for which ars shown in Pig-
ures 19 through 25 (Pigure 25 is for a 0.5% BC-610 control), the sec-
tions taken show such large void epaces that little somparison can
be made of their possible effects on particle size control, At auy
rate cell 1ife is poorer for the BC=720 and BC-240 than for the ccn-
trols. The EC-420 gives cell life equivalent to that for the EC-610.
(See Table II, cells G1 through 120)., The BC-420 and the EC-610 seem
to ba equivalent., (BC-840 has also bean shown to be inferior to K-
610 a% 40% deptt-of~discharge, previously (AFAPL-TR-66-79, Tabls 11,

P. 49). On the basis of these data, the use of either EC-420 or BC- t
610 could be recommended. No further work is planned and 0,.5% EC~ L
610 will continue t¢ be used in the standard plate formulatiocn. -

Pigures 26 through 31 show photomicrographa of failed siro -
plates at several concentrations of HS-610 tested at 40°F. and 100%F. .

These ars at 200X magnification and may be compared with Pigure 14, L

Plgures 32, 33 ard 34 show photomicrographs for coxcantrations

of 0.1, 0.6 and 1% of the anionic surfactant FC-95. These ure at :]
200X alsn ard are to bs compared with Figure 14, Particle sise
sesms to be adout the same as in P ure 14, alibough particles are [
mors disperse for the FC-95. More work over troader conceniration
rangss and at different temperatures is planned for this material
and for companicn anionic and cationic materials from the same
manufacturer.
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tha photomicrographio informaticn on the mnuox;co of the 2m0
morphology, particle sizs, eto, are nut presented in this report be-
cause all the samples have not yet teen tested aml a&li’ius photemicrow
graphs are not yet avallable,

Photon crographs ars not yet available for the experimental work
on the Cal additions, nor has any work been done on coambirations of the
three factors: mechanical barriers, sites for nvergrowths, and surlsac-
tants. Combinations cn mechsnical barriers and 0.5% BC-610 have besn
presented above,

A5

¢ oy v et g . v+
PR W - P ) . " e A% B e e
Ll o et IO S~ e it ol R T ’
v R O AT S < I S WONT . ROV IR AT




< s T o e e e e

ITI. Gensral Discussion

As a preluds to examination of the effects on cycle life of the
soveral variaticns incorporated in the negative plate during this progresm,
consideration should te given to the pure effect of the dspth-of-dischargs
factor. That is to say, tho question should be asked: what actual capsci-
ties are available from these nominal 25 a.h. cells at various rates of
discharge for the cell design concerned? Reduction in capacity as a func~
tioz of discharpe rate is expected for any electrochemical cell and it may
vary as a finoction of cell deaign., In order to determine this for the 15-
piate, 4~layer Visking, 0.5% BC-510,cells wers discharged at 25 and 50
amperea and found to have capacities of 19.0 and 15.0 a.h,, respectively.
The averags of all the control cells rmn on this program to dete is 26.7
a,h, at the 15-ampers rate. On the basis of these data, Table XI was con~
structed.

TABLE XI

Capacity Available at Cycle-Life Test Rates

Depth-of-Dischargs  Required Required Rate on 2- ,  (1atle at
(% of Nominal Depth-of-Dischargs Hour Cyole (35-min. o ool
Sapacity®) a.kh. discharge) ampsres 10 T tes
a.h,
80 20 343 17
7 17,5 29.8 18
60 15 25.8 19
40 10 17.2 3
25 6.25 10.7 N

*Nomingl Capacity = 25 ampsre-hcurs at 15-ampers rate.

On the busis of the data ~f Table XI it is apparent that this cell desigm

would not be akle to cycls at all on the 2-hour regimen at dspth-of-discharges
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of 100% or 80%, because it dces not have sufficient capacity at the required
test rate of discharge. .

e g o s

From Table XI we may construct anotirsr tabla relating the allowable
capacity loss before failure from tie data in cclimns 2 and 4 of the table
for depth-of-discha=ges of 70% or leas. This is shown in Table XII.

TABLE XII

Allowvable Capacity Loss Before Pailure Relatad to % DOD

e T A ey e T e T

£ DOD Allowadle Napacity Expected
Loss Uff)izl Failure Cycle Lifs 1
70 0.5 28
60 4 26
40 13 35
25 : 24.7 1400e

*ictual cycles life from data of Table 12, AFAPL-TR-66-79.

Now, assuming that there 1s a direct ratio between the allowable capacity
loss until fallure and tke actual cycle 1ife, data for expected cycls life as
a function of DCD may be calculated, as in the third colum of the tedle. The
actual cycle 1ife at 253 DOD was used to estimats expected cycle life at the
higher depths-of-dischargs. An actual cysle 1ife of 600 cyclss at 40% DOD
for negative plates with 0.5% BC-610 Emulphogene additions may be compersd
vith the value of 735 from the tabls., (3Sse Table 11, AFAPL-TR-66-79.) The
average cycls lifo of 33 control colls on thia progrem., go far, is 1€4 + 36

cycles wlth some groups going over 200 cysles, This may be compared with the
value of 226 cycles in Tahle XII,

In estizating the expscted sycle 1ife as a function of depth-of-discharge
ard the a'lowalle capacity loss, it is obvicus that the condition of the neg-
ative plate will be much better at the snd of 1life at 6C% dapth—of-iischargs

mt Laenilobila Co
Pact Vel HE e
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than it is at 40% depth~of-discharge an 30 on, This is evident from
the fact that if tho depth-of-discharge is reduced after failure at &%,
the call will continus to cycls.

The point of this discussion is thiss during the first ym of this
program we have been looking very intansively at the effects of the sever-
al variations on agglomeration and dispsraity of the active material,

This was a natural sequitur to the discovery that cycle lifs could nearly
double with the use of Emulphogene BC~510 and that this resulted from re-
duction of the rate of agglomeration (APAPL-TR-56-79, Tabls 11 and Figures
47 through 51), amd the maintenancs of dispersity of the metallis zins,
It seems possible, julging from the photamicrographs, that evan at 60%
depth-of-discharge there is sufficient true surface area (i.s. lack of
agglameration or particle size growth) to support the discharge and that
loss of active material arocund the 2op and sides of the plate may have
been a predominant factor in determining life. (Actually, true surface
area of the available 3zinc needs to be measured {0 support this posaible
conclusion.)

Several other possihle effactas can be thought of that ococuld come into
Play in shortening lifes one, the loss of small amounts of active material
would be more serious in raducing life at the higher depths-of-discharge;
twv, the loss in geomeiric area of the active material would be more
sarious, due to increazed IR losses; and three, if availability of elec-
trolyte is a controlling factor in determining capacity (as could be the
case based on the information in NARMCO's report attached), then the re-
duced geometric area might mpan that the electrolyte at the top and the
sides is not awvailable for reaction, and, moreover, the changs in the elec-
trolyte comcentration dus to inhibition of diffnalon by the separater
would be more serious, dus to the incresse in geomeiric current denaity
and the reduced gecmetrlc area.

If these effects are domdueting lactors in destermining cycle 1ifw,
there are two obvious ways to go in order to allsviate the situation.
Cne way is to find the cause for the rearrargemsnt of the active matarial
 from the tops and =ides to the center and bottom of the plale anl sse what

— I o
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can be done about it. In a very intoresting study made recently (J. McBreem
and G. A. Dalin, "The Mechanism of Zinc Shape Change in Secomlary Battaries,"
Extended Abatracta cf the Battery Division of the Elecirochemical Soclueily -
Fall Meeting, Philadelphia, 1966, p. 123), gravitational effects, "washing"
caused by rise and fall of the electrolyte in the negative plate compartment,
ard cell case taper were ruled out as possible causes. The secord way to go
i1s to provide a separator which will reduce the extent of electrolyte concen=
tration change, and, perhaps provide a higher ensrgy yisld in the equivalent
cell volume,

It might have been expected that sume of the mechanical barriers tested
urder this program would have reduced the rate of change of the gaometric area,
if washirg and gravitational effects were at play, so these results suhstan-
tiate those of McBreen and Daiin, Of the several investigated, onl.* the cotton
fibers seemed to have any effect, so investigation of this material will be
contimied, Cotton fiber should withstand chemlcal atiack in the KOH much
better than its regenerated cellulose counterpart, i.e. fibroua sausage casing,
or cellophene, because of ita much higher molecular weight. The molecular
weight of cotton fibers is probably of the order of 600,000, containing 30C0 -
2500 anhydroglucose ur'ts ("Cellulose ard Cellulose Derivatives," Psrt I, 2nd
Ed., edited by E. Ot%, H. M, Spurlin anil M, W, Grafflin, p. 53, Interscience
Publiahers, Inc., New York). The process of making cellophane involves reduce
tion in molecular welght to achieve processability, 1.e. the shreddad sausage
casing fibers should be more readily amenable to attack in the environaent
which should result in more rapid loss of any possible effect they nizht exert
as mechanical barriers.

Based on tke predominance of short—circulting failures when only three
layers of fibrcus sausage casing weis used, ard the low cycle 1ifs resulting
(around 110 - 120 cycles, ses Table II), four laysrs of fibrcus sausags casing
will %2 continued in use for stardard construction in order tu insury zina
plate fallure, until a beiter separator materin’ is found.

The use of ginc fibers will be reinvesti.ated,

The lignoauifrnic acid, in view of the fast that it did not pravent aine
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Y3 be invastionted Tecauce 1t sppears to fun n
: chiar zurface actlive a-onta 3uch as tre Exwdrhozenss gred the FO-G5. The ?
_ i PC-0h s aimilar surface active azenta will be ipveatigated baecause 1t &
é evyvesrs to funsticn at least a3 well as the Drulphegenss, 8o Lne pegsibil- ‘
T itv exists that a hettar surfaztant of this class could be founi, The g
FC-95 will ba irvastizated at 30 - L6077, and 100°F, to detsrmins whether
. Q;_ it mi~ht function better tha lphorone IG-A10 a% these tesreratures, E
Tests of saveral of the alechols, for exsmple tre best (ethancl)
- :§ ' ard the worst (propanol) will be repeated because these groups of oslls j
; did not get gufficient overcharre to keep the zinc plate in a chargsd con-
dltion, These tests will be rin along with thcse on tha gerizz of cerbo- S
waxes of varying molecular welrht, which ers achaduled for early test in N
the sscend year progran. ?
. H
Dilazussion of the reassihle effects of the Zrn0Q variations will ta
withheld imtil all varlations have bean tested. i
i
i
The ugs of X{-501 in cemdbination with Xedox-15 will be reinvestigated
besruse the cells tested on this prosram failed dus to undsrcharge (Tabdls i
T7). ¥XI-A02 will also bs checked out bacause it 13 the most acicular of .
the oxides available for tesh, i,e. 1% has the longest needles (sea Fiz. s
L5, MTAPL-TR-£6-73). o
; Us2 of the ZnZC; adnixture will b2 reexanined bacause 5% additivns of -
this matarial apresr to give good resulis et romm tevperaturs,in conbine-
- tion with cotton fibara,
. ... B
R .
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IV, Boan-crrandition

SRRSO

{2

The nost urserd and emphatic reec-mendation that can be made as a re~
sult of this work i3 that every o28:2rt be rade to datormine the cause of
1037 22 raterial arcurd tho sidni and v l7e3 of the plates, because this re-
anlt =273 to ba tha malor conbtritutlr s factor to loss of capacity az eyecling
progeenses, If thia i3 true, 4t 1s quite possible that adequate tasting of
the vrriationn checked out a0 far miv not have been achieved, Converaaly,
hougver, 1t can 21:0 he 2z3id that, with tho oxceontlon of the cotton fibara,
nona of the variatlons testod was offective in slowing down loss of material

around the top and sidaes,

hé

In =diition to the seconi year work pian already laid out, the reinveste
iraticna called for above are rscrrowerdaed,

Best Avzllar
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Nerative Plate Containing .2% L34 at 84 Cycles.

Figure 11,
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Figure 16,

Negative Plate Containing 3% Cotton Fibers at 144 Cycles. 1CQX.
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Negative Plate Containing 5% Cotton Fibers at 144 Cycles.
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Figure 23. Negative Plate Containing .15% BC-840 at 168 Cycles. 200X.
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Figure 24. Fegative Plate Containing 1% BC-840 at 144 Cycles. 20CX.
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200X

Negative Plate Containing 1% BC-610 at 58 Cycles at 40°F.

Figure 28
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Figure 29. Negative Plate Containing .15% BC-610 at 110 Cycles at 100%F. 200X,
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) Figure 30. Negative Plate Containing .64 BC-610 at 121 Cycles at 100°F. 200%
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APFCODIX 1

A LITZRATURE SURVEY OY TEE SOLUBILITY

OF Zn0 IN OTHER DIVALENT METAL OXIDZS
AXD OF Zn(GB)z IN OTHEIR DIVALENT MZTAL

HYTROXIDES
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In the search for a posaible host lattice for ZnO and Zn(CB)z, the only
compounds considered are those containing a divaleaut cation. This l:imitation
immediately eliminates covwpounds cof the alkali metals, lanthanides, sctinides,
and other metals which do not nocmally show the 2 oxidation state.

The compcund ZnO has a hexagonal (Wurtzite) lattice with the following
cell parameters. a = 3.24 X, c= 5,19 g (1). Anong the commonly occurring
metal oxides only beryilium oxide, BeQ, has a hexagonal structure. Its lattize
parameters are: a = 2.69 X, c=4.3 X (2). Even though the difference
between these sets of parameters i3 asomewhat greater than 15, BeO and Zn0 do
appear to fora & solid solution on which conductivity and X-ray diffrcction
mesgurexents vere made (3). No other information on phase relaticanships
between BeO and ZnO is available in the literature.

Diadochy, rather than isctorphism, is the primary criterion in solid
solution formation, so that a hexagonal compound zay form a solid solution with
a non-hexagonal one if the fonic sizes are cortect(“). Subotitution of cne
cation f5r another in a particuler ‘attice 1s oftea poseible if the difference

in the ionic sizes is less than about 15%. Using this criterion and Pauling's

1. C. W. Bunr, Pr. piys. Sic., A7, 835 (1935).

2. W. M. Lehman aad M. Haase, 2. Kryst., 65, 337 (1927).

3. 1. D. Tretyak and M. A. Emchik, Pitannya Fiz. Tverd. Tila L'vive'k Derzh.

Univ., 1964, BN (Ukrain).
C. A., 62: 12560f

4. B. Mason, Principles of‘Gqugpmistrg, 2nd ad,, J, Wilay and Scns, Inc.,

New York, 1°58, p. 85,
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empirical values for crystal rtdii(s). the following ions may be diadochic in

oxide structureg:

2n o0.74 & o 0.80 4
Co 0.76 cr 0.84
¥ 0.72 Pd 0.86
Pe 0.76 Cu 0.69

This 1s born out also by the fzct that Za minerals the Zn ion is often replaced
by Mn, Fe, Co, or Cu,
The crystal structurcs and cell paranaters of the oxides of these

metals are as follows:

€r0 , probably cubic, parameters not de:ermined(ﬁ)
Mn0 , cubic, a = 4.47 8 (7

PeO , cublc, a = 4.27 & &

Co0 , cublc, a = 4,25 & (9

N0 , cubic, & = 4.17 § (10

CuO , monoclinic, a = 4.65, b = 3.41, ¢ = 5.11 4, 8 = 99°23* L1

Pd0 , tetragonal, a = 3.02, ¢ = 5.31 X €12)

2.

5. L. Pauling, The Nature of ths Chemicsl Bond, 3rd ed., Cornell University

Press, Ithaca, ®. Y., 1960, p. 518.

6. HB. Lux, L, Eberle, and D. Sarre, Ber., 97 (2), 503 (1964).

7. B. Ore, Z., Xrisr., 63, 222 (1926).
8. V. M. Goldschmidt, Bar., 60, 1285 (1927).

9. H. P, Walmsley, Phil. Mag,, 7, 1101 (1929)

.10, J. Brentaro, Proc. Phys. Soc. London, 37, 184 (1925)

"11. G. Tunell, E. Posniak, and ©. J. Ksacda, 2. Xriat., 90, i20 (1935).

+12. W. J. Moore, aud L. Pauling, J.A.C.8., §3, 1392 (1341).
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pure water but 1s readily oxidized by atmospheric oxygen (13). The most stable

and

solution formation between ZnC and CrO, 2n0 does fora solid solutions with

the

Be0

the

14,

15.

The compound Cr0 has not becn well characterized. It is not affected dy

N o b

I

the most easily prepared appear to be the oxides of Co, Ni, Cu, and Pd.

No refaorences were found in the literature (up to Dec., 1966) on solid

other six oxides liated above. In additicn, ZnO forme solid solutions wiih
(see p. 1 of this report), and with MgO, CdO, and SnO.
Sowe aspects of the phase relations among these coaputmds are given in

following references:

e e v b i e iR

R. Rigamonti, Gazz. Chim. Ital., 76, 474 (1946) C. A., 41, 71914

Formatlon of soiid solutions of ZnO in MzgO, Ni0O, CoO, MnO and CdO.

Preparation, X-ray Jdata, cell parameters, and limits of solubility are

discussed.

R. Isomatau, and S. Xitagawa, Doshisha Daigaku Rikecgaku Kenkyu Hokoku, 5,

{2), 67 (1964)
C. A., 62, 101672 : 5

Phase diagram of the system Zn0O-7e0 is determined by X-ray diffraction.

16. J. Robin, Compt. Reund., 235, 1301 (19352)
C. A.. 47, A7194
Preparation of mixed Co ard Zn oxides, determination of phase diagr.as.
17. E. Bayek, Monatsh., 66, 197 (1935)
C. A., 30, 39!
Mixed crystals of SnO with various oxides including ZnO are prepared hy
precipitation from solution.
13. H. Lux, and E. PrSschel, Z. anorg. Chem., 257, 73 (1948)




e

‘
<

PRI T T

[N P

© i o v i vt % s SR et s e B

18.

19.

20.

21.

22,

23,

b,

G. Natta, ana L. Passerin!, Gazz. Chim. Ital., 59, 139 (1929)

C. 4., 25, 633 | |

Formation of solid solutions smong the oxides of Ca, Cd, Mn, Co, Ni, and
Za.

J. A. Hedvall, Z. anorg. allgem. Chem., 103, 249 (1918)

C.A., 13, 3098°

Pormation of solid solutions of NiO with ZrO and other metal cxides.

E. Kedesdy, and A. Drukalsky, J.A.C.8., 76, 5941 (1954)

C.A., 49, 15599¢

Formation of Ni0O-ZnO solid soluticns, structure and X-ray data sre given.

T. Ando, and R. Umemoto, Ceram. Abstr., 1952, 151 (in J. Am, Caram. Scc.,

35, no. 8)

C.A., 47, 66693

Dcicrib« formation of Zn0-CoO sclid solution from Zn0 and CoCO3 in a
coz atzosphere.

V. D. Balarev, Annuaire fac. sci.-phys. et math. Chemie, 47, 3 (1952)

C.A., 48, 7976e

Pusion of Zn0 with Cu0 may indicste the existence of & eutectic in this
system,

G. Yamaguchi, and B. Miyabs, Kogyo Ksgaky Zasshi, 63, 562 {1960)

£.A., 57, 9278h

Cowposition and lattice constants ars given for various solid solutiom

phases in the ternary system ZnO-CoO-MgO.

The follouing references are less directly related to thia problem but

may be of intereer:

25,

R R A e

V. P, Chalyt, and 0. 1. Shor, Ukrain. Kbhim, Zhur., 27, 7 (1%9%1)

C.A., 55, 17323g

A thermozraphic study of hydroxide mixtures. Dehvdraetion gilves sclid

aslutions of H10 and In0, depending on concentrations.
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25.

26,

27.

C. Froudel, Am. Mineral., 25, 534 (1940) .
C.A,, 33, 11! ' DT L
Discusses exsolution growths of ZnO in MnO.

H. P. Rooksby, Trans. Brit. Ceram. %oc., 56, 531 (1957)

C.A., 32, 17871c

Distortion of the Ni0 structure by Zn0O substitutiom.

0. Schmits-Dumont, K. Brokopf, and K. Burkhardt, Z. snorg. allgem.
Chemie, 295, 7 (1958)

C:A., 53, 19158

Absorption spectra of solid solutions of CoO and Zn0.

Information evailable in the literature suggests oaly two possible host

lattices for Zn(Oﬂ)z, namely Ni(OH)2 and 00(08)2. Za(OH), occurs at at least

five different phases, two of which have been characterized rather well. The

a~form is hexagonal, with lattice parameters a = 3.1l and c » 7.8 b { (28).

The e-form 1s rhombic with a = 5.5, b = 8.53, and c = 4.92 £ (29, Co(0H),

occurs in two formes. It is blue when *reshly made, but changes to the more

atable pink form on stauding. It is slightly soluble in alkaline sclutions,

and is easily oxidized uy atmospheric oxygen. Co(OH)2 has a trigonal structure

[+]
with £ = 3.19 and ¢ = 4.66 A (30),

28.
29.

30.

W. Feitknecht, Ang, Chem., 52, 202 (1939)
R. B. Corey, and R.W.G. Wyckoff, Z, Krist., 86, 8 (1933)

G. Natta and A, Reina, Attf Linc. Mex., 4, 51 (1926)

MO e R AL i AR o L R s L Tk s A . el SR o N P il el
Fait e i, it i SN s st i S



T At o C -

li(OI!)2 is more stable toward oxidizing agchtl; ii also hes a trigoual
structurs with a = 3,07 and ¢ = 4.60 2 (31).
The following references deal with the phase relations between the

bydroxides of An, Co, and Wi.

32. W. Peitknecht sad W. Lotmar, Helv. Chia. Acts, 18, 1369 (1935)

C.A., 30, 20774

4
ey

Solid solutisu formation in mixed precipitates of Zn, Ni, and Co hydroxides.
Structure and composition of crystals is given,
33. G. Natta and L. Passerini, Gazz. Chim. Ital,, 58, 597 (1928)
C.A., 23, 1556
Discussion of solid solutioas of Zn(OH)2 vith Co(on)z and 31(08)2.
3. Th. v. Hirsch, Z, Physik. Chem., 43, 227 (1964)

C.A., 63, 2451g

D ¢ T T

An investigation of copracipitation snd mixed cryetsl formation betweaen

| Co snd Zan nydroxids, and others.

g
[ - §

35. W. Lotasr and W. Peitknecht, Z. Krist.; 93, 368 (1936)

C.A. 30, 6260% B :
4
Changes in ionic distances in Zn, Ni, and Co hydroxide solid solutions. r}

Two miscellaneocus refsresaces wers found which deal with the phass

relationships between 2n0 and 2a(0H),. a9 %

. o

: 3. G. 7. Btttig, and H, M8ldner, 2. anorg, Chem., 711, 368 (1933)
8
C.A., 27, 3415, (!

‘ A dircussion of the relative stshiliry of Za{GH), with respect to

2

oy
LR}

Zn0 1in B,O0.
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31, G. Natta, Atti acesd, Lircei, 2. 495 (1926)
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, 33, s211?

(1939)

R. Scholder, and G. Jendrich, Z. g3crg. allgem, Chem., 247, 76

C.A.
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37.
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Phase relations in the system of zno-n.zofazo.
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PREPARATION AND CHARACTERIZATION OF SPECIAL
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ABSTRACT

The properties of the fnftfal zinc oxide used to fabricate
the zinc electrode may substantially affect the performance of silver
cxide-zinc secondary batteries. The spacial zinc oxides prepared
vill allow investigation of ths effect of surface are: ‘“’ne particle
size) of wet process zinc oxide, particle morphology o cipitation
process zinc oxidea, high electrical conductivity of dope -anch
Process 2inc oxides and the effect of a variety of intanticn=lly

added metallic cation impurities.
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1. Introcduction

The objective of this project is to prepare and characterize
a variety of zinc oxides for evaluation (by Delco~Remy) in si{lver oxide~-
zinc secon”ary batteries. The samples prepared during the rfirst quar~
ter permitted investigation of the effects of particle size of nodular
French Process zinc oxides (0.13 u to 1.02 u), particle morphology as
represented by a highly acicular American Proceass zinc oxide, and the
high surface area (20 to 33 nzlg) of wet process zinc oxides prepared
ty thermal decomposition of a basic zinc carbonate, Second quarter
work has been directed at preparation and characterization of samples
covering the following possible variables in electrode performance:
1. Surface area. A basic zinc carbonate type zinc oxide
with 50 m2/g surface area was prepared, that is, higher than
the earlier 33 m2/g sample.
2. Particle morphology of precipitation process zinc
oxides., Nodular and acicular zinc oxides wzre prepared by

precipitation from zinc chloride solutions,

3. Impurities. French Process zinc oxides were dop=4
with small amounts of Zn, Cu, Sa, Mn, Fe, Pb, Cd, or As.

4, Electrical conductivity. French Process zinc oxides
with 106 tc 108 higher than normal electrical conductivity
were prepared by doping with trivalent metal catlons (Al and
In).
A briaf discussion of some of the factors involved in addi-~
ticn of izpurities to zinc oxide i3 wxiven below.

Zinc oxide 15 a well-known n~type (excess electron) semicon-~

ductor. The excess elecrtrons arise because the usual preparation
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techniques yield s zinc oxide non-stoichicmetric in the directiom of
excess zinc. The excess zinc, occupying interstitial lattice positions,
ionizes to yield free or quasi-free electrons with significant lifetimss
and mobilities. The concentration of free electrons cau be changed by
incorporating ispurities in the zinc oxide lattica. Addition of tri-
valent metal cations, for example, Al or In, increases the frese slectron
concentration. The structure of zinc oxide is close-packed hexsgonal
but, since the zinc and oxygen atoms occupy only 44% of the volume,
ralatively large (0.95 A) open spaces are avalladble for acccmmodation
of impurities. Impurity promoters of Zn0 &re divided into the follow-
ing two groups:

1. Intracrystalline - impurities with ionic radius approx-~

imately 0.6 to 0.9 A which sre internal to the crystailine

lgttice., Such matcirials give rise to solid solutions.

2. Intercrystalline - impurities are external to the
rrystalline lattice.

Such classifications can not be ragarded as an absolute rule because
intra- or intercrystalline occupancy of positiona will be at least
partially dependent on the preparation procedure.

A relatively common method for impurity additions involves
preparation of an intimate blend of an oxide of the dopant with the
ginc oxide followed by caleination. This is frequently u preferred
procedure when additicn of anion impurities is to be avoided. In

some caees, thermally decomposabla dopant oxzlateas or carbonates ars

alsc used.
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I1. Sample Tharacterization Tests

All samples are characterized by the following tests: (1)
air permeability particle size, (2) nitrogen adsorption surface area,
(3) elactron micrographs, (4) qualitative specirographlic and, where
necessary, chemical :palysis. See the First Quarterly Report for a
dap~ription of these tests.

-In the case nf the Al- and In-doped sasmples, changes in
electrical conductivity were measured by & 'Dry Powder Resistivity"
(DPR) test developed at NJZ, 1In this test the ZnO powder is com-
pressed {n a gluss tube and the resistance measured with an electrom-
eter. Resistivity {s computed from the sample dimensions and can be
in the range of from 10! to 1010 ohm-cm. Factors suich as ccapgctiug
procedure, temperature, and humidity are important variables, eapecially
for high resistivity samples. The measurement is a satisfactory quality

control guide for high conductivity zinc oxides.
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JII. Description of Samples

A. Vet Process Zinc Oxide from Basic Zinc Carbonate

A third sasple of wet process oxide (243-67-2) was prepared
by the basic zinc carbonate method, se described in the First Quarterly
Technical Progresu Report (15 October 1966 to 15 January 1967). In
order to obtain a finer particle size the calcination temperature vas
reduced to 310°C., while the time was incrcassd to 4 hr. The char~
acterization data are given in Table I, and the electrom micrograph
is showmn in Figure 1.

In addition to ssmple characterization tests previously
described, the particle size of this sample was measured by the method
of X-ray diffraction iine broadening. This method involves the measure-~
ment of the width of the lin¢s in tha X-ray diffraction pattern, an4d
then estimating the particie sisze from the Scherrer formuls. Por this
sazple the estimated size vas 0.018 u. Air permeabllity particla size
measurements &re not too satisfactory for very fiue parricle samples.
Hence the 0.018-y line broadening size {s probably more representstive

of the actua® size than the 0.025-y air perwesbility valus.
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B._Wet Process Zinc Oxide from Zinc Chleride

Samples of wet process in0 were preparel by the reactions of
2nCl; with NaOH, KOH, and NH,OH. The NaCH and KOH reaction products
(Samples 243-71-1 and 243-75-1, resp.ctively) are fine nodular oxides,
with NaOH yielding the smaller particle size. The NH,OR reactisz prod-
uct (Sample 243-79-1) is acicular.

The NaOH and KOH reacticns were carried out by adding a solu-
tion of 5.4-M reagent grade InCly to a 6.8-M solution of the bacs at
100°C. under moderate agitation. Two mols of base were used per mol of
ZnCly added. The addition time was 4 hr. for the NaCH reaction and 3
hr. for the KOH. The products were washed by reslurrying in distilled
water to remove the residual chloride and dried in air at 110°C. The
final dry cake was micropulverized.

No detailed conditions for the ZnCl, + NH,OH reaction are
presented, since this is considered proprietary information.

The characterization data are given in Table I, and the

electron micrographs are shown in Pigures 2, 3, and 4.
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C. _Al- snd In-Doped High Conductivity Zinc Oxides

The ganaral methods for development of high conductivity in

sinc oxide ware described in the Intrcduction. Tha specific procedure

for doping with A1*3 14 described in U, . Patent 3,n89,856 by H. M.
Cyr and H. 8. Nanovic, sseigned tc NJZ, and intdad May 16; 1963.
Details of the procedure for dgbing vith In*3 are considered propri- ;
etary information. f
Characterization date for these samples are given in Table v’;
II and Figures 5 and 6. HNote that normal French Process zinc oxides }
have "Dry Powder Resistiviiies” of the ordot of 1010 ohm-ca. The
particle size of the Al-doped sample, No. 243-41-1 (1.02 u), makes

it particularly appropriate for comparison with a first quarter sam-

ple of rehested zinc oxide (No. 243-27-1) having a particie size of

1.02 u.
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TABLE I

Al- and In-Doped High Conduct;vztz Zn0
Sample No, 243-41-1 243-45-)
Techaoical Plan Item No. 15 16
Amount and Type of Inpurtey 0.302 Al* 0.48% In
Dry Powder Resiativity 9.4 x 102 G-cn 3.5 x 103 G-cm
Alr Perveability Particle Size 1.02 2.3y
N2 Adsorption Surface Area 1.3 m2/g 0.36 n/g

Qualitative Spectrogrephic
Analycis -~ Rlement

*

2a vs vs
8 vt vf
Pb vt f
Cd xf-vf xf-vf
Al v-u vf
Fe vf xf
3 124 v
Cu rf xf-vf
Mg xf xf
Sb Trace Trace
TL -— -—
Gea - —
Sa -— 4
Mn - Trace
Ag - -—
Ga — -—
B4 -— -—
Ia - n-g

*Residuyal C1~ content - 0,02
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D, Impurity-Doped Sauples

l, Fe, Cd, Cu, Sn, Mn, Pb

The impurities were addeq to a French Process zin~ oxide by &
procedure iavolving iatimate admixing of an oxide of each specific im-
purity, followed by calcination for 1 hr. at 600°C. in air. Metallic
oxides were selected in order to avoid introduction ¢f anion impurities.
The 600°C. calcination temperature was used so a8 not to cause too large
an increase in the particle size of the zinc oxide., Equal mole percent-
ages of Fe, Cd, Cu, Sn, Mn, and Pb, rather than weight percentages, wera
added. Since each sample contains approximately equal numbers of im—
purity ions, {ntercomparisons, as well as comparisons with high purity
zinc oxide, are possible.

2. As

Using the preceding procedure, a sample was doped with As at
& level moce than adequate to prevent growth of acicular particles in
American Process ZnQO marufacture. It was thought that this might reduce
dendritic growth in zinc electrodes.

3.

The excess interstitial zinc content of a French Process Zn0
was iucreased from about 0.002 wt. X to 0.009 wt. % by calcination for
1 hr. at B00°C. In an atmosphere of 5% hydrogen - 95% nitrogen. The
methods for quantitative deternination of excess zinc in zinc oxide
are not very satisfactory., The method used at NJZ 1s described in a
paper by Secco and Moore (J. Chem. Phya. 26, 942 (1957)). Since excess

zinc in zinc oxide tends to produce discoloration {erey), in the abasnce
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of high levelns of foreign impurities color is socething of a qualitative
nessure of the excess zin: coatent.
Particle size znd chemical analysis data for tha impurisy-doped

samples are given .n Table III. Complete characterizaticn Zaformation
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will ba provided in a later regort,
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IV, Furure Progran

Characterfzation .ats for all the zinc oxides covered in the
technical plan will be completed. For comparison with the zinc oxide
sanples, two samples of zinc dust and a sample of flaked {small flat-
tened particles) zinc dust will be prepared. Selection of appropriate
future samples will depend on the results of electrode evaluaticns of

the samples prepared to date.
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previounsly described gamples in Section IIT, A-C,

¥

magnilication are ah

gamples will be submitted with the Third Quarterly Report.
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Surface Area = 51 M2/G
Magnification = 25,260X

Sample No., 243-67-2 - High Surface Area Wet Process ZnO
Particle Size = 0.025

Figure 1.
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Sample No., 247.71-1 - Prezt
Particle Size = 0.992 ,
Magrification = 25,200x

pitation Process Zno (ZnCly + Naom)
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Figure f. Sample No. 243-75-1 - Precipitation Process ZnO (ZnCly; + KOH)

Particle Size = 0.16 yu
Magnification = 25,200X
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(ZaCl, + NH,OH)

Particle Size = 0.16 v
Magnification = 25,200%
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ADSORPTION OF ORGANIC MATERIALS ON ZINC ELECTRODES
Introduction

The chronocoulometric and the differential capacity apparatus were
further tested by studying the adsorption of n~butyl alcohol on a mercury
electrode from 0.1 N KC1. Work was then started on the Zn, 2n0; systea in
NaOH and KOH, with both mercury electrodes and :inc electrodes. The zinc
electrodes used were both the stationary type and rotating disk type.  1Ine

kinetics of the Zn, ZnO2 system was studied to some extent.

Experimental

The techniques used in studying alcohol adsorption on mercury were the
same as those mentioned in the last quarterly report. 5M NaOH and KOH were
used as supporting electrolyte in the chronocoulomezsic study of the Zn system.
There appeared to be no significant difference between the two electrolytes
as long as the molarity of the two was the same. 5M was chosen because it
allows for reasonable solubility of Znoz without drastically affecting the
viscosity of the solution. It was also felt that the glassware, especially

the capillary of the Kemula drop apparatus would last longer at the lowest

possible concentration.

2
concentration at 10"3 M. Work at higher concentrations was attempted but

Work at the rotéting disc electrode was done in 1M KOH with the ZnO

met with limited success due to the relatively large electrode area and the
limited current available from the potentinstat, A smaller electrode is

being prepared.
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The sysrem was studied by chronccoulometry” and potential scan amperometry
using the apparatus previously describcd2 for chronocoulometry, and a slightly

modified form of the same apparatus for potencial scan,

The Zn electrodes were wachined from Zn bars and fitted with Teflon

Just before an experimant, the electrode faces were polished flat tc 2 shiny

finish.
Results

The atudy of the adsorption of n-butyl alcohol gave results in complete
agreement qualitatively with theory. No extensive quantitative experiment was
attempted. Some results of these experiments are in the _i{s'res following.

The Zn, Znoz system was first studied on a mercury electrods, Fotential
scan amperometry showed the system to probably be quasi-reversible, so it was
decided to get some quantitative results. The literaCure3 indicates that on
Zn in strongly basic media the reaction was quasi-reversible and the rate was
governed by a one electron step. Chronocoulometry indicated that the hetero-
geneous rate constant was on the order of 10‘3 cm /sec and the charge transfer
coefficient, a, was about .31.

Tt was then decided to study the reaction on a Zn metal electrode. Studies
at a rotating disc electrode indicate that the reduction of ZnO; at a zinc

electrode is dif{usion controlled as indicated by a linear plot of 1/{i vs.

1/2
w

1/

at a constant potential. In this case i represents the current and w
the ro'ation rate in radians per second. From the slope and intercept of this

plot, kinetic parameters may bhe Jbtained.a
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Work was also done on the oxidation of zinc from the rotating disc

electrode., This work was done in 1M and 54 KOH and, a8 before, owing to tne

| Qoowm |

large electrode arca and the limits of the potentiostat, limizing currents

] were not obtained. Currents on the rising portion of the wave were found to

f h obey the sawme equction as the Znos reduction giving a linear 1/1 yvs. llwl/z 1
] plot. ” w
- For stationary electrodes it was found that with initial concentrations |
»j of zincate up to 0,01 M the zinc electrode was corroded by the sclution with
q rapid evolution of hydrogen gas. Some Emulphogene BC-720 was added to the
L

solution and the rate of corrosion became almost negligeable. As the Emul-

phogenes are not very soluble in electrolytes, it was decided to try adding

)

propylene axide to the solution instead. A solution containing approximately

-
hj 1Z propylene oxide exhibited similar behavior. Potential scan amperometry
j indicated that the system was quasi-reversible and that it was eventually
- diffusion controlled as the cathodic and anodic peak curreﬁts increased with
B scan rate, and that potential differencs between the two peaks increased with
- scan rate. One would not normally expect the oxidation of a metal surface to
J be diffusion limited. But, in this case the reaction could be limited by
'} diffusion of hydroxide to the electrode surface even at the extremely high
- concentration used.

The kinetics of the zincate reduction on zinc were studied by chruaocou-

lometry and the results were very similar to the reduction on mercury. The

[igwuste SN wammt |

heterogeneous rate constant is slightly larger and the charge tranafer coef-

ficient is approximately .42,
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Conclusions

After studying the earlier work of Dr. T. P. Dirkses we £ind that our

exparimental work agioas with his, but we feel that his interpretation cf the

results may be open to question. On the basis of the lack of corrosion of
the zinc electrode in Emulphogene and propylene oxide sclutions the hydrogen
overvoltage must be significantly affected by these adlitives. Also, Dr.
Dirkse's report makes no mentfon of the possible effect on his experimentsl
results of the fact that the zinc eystem i3 complicated by kinetics.

We feel that work needs to be done of the effect of surfactaats on the
kinetics of both the zinc, zincate systems and the hydrogen system. It is
also not clear from these experiments what is causing the limiting of the
anodic currents. It might be diffusion of hydroxide to the surfacs of dif-

fusion of zincate away from the surface. Work is continuing in an attempt

to gdeteraine which is the case.
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TABLE 1

Kinetic parameters for the Zao, zno;

system from chronocoulometric da:al

mercury electrode

la s

> potential extrapolated
T
~-.138 164 5.42
-.158 .100 8.87
-.178 .080 11.06
-.198 .075 11.82
--218 .050 17.73
slope of Log A vs. (E-E®) = 0/.059]1 = 5.26 a = ,31
Avg. slope of Q vs. tll? ylots = 88.7 microcoulombu/uecllz
0}/ < 1.85 x 107

1/2

intercept of Log X plot = log kolbo = ,086 0o " 2.26 x 10°
1b
zinc electrode
~.094 .072 12.3
~-.114 .053 16.7
~-.134 .032 27.7
-.154 .027 32.9
-.174 .025 40.3
slope of Log A ve. (E-E®) = 7.13 a = .42

intercept of plot = ,413 ko = 4,79 x 10"'3 cm/sec B@St A‘Jaﬂab!e COp
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List of Figures

differential capacjty vs. potential stationary mercury
drop, area .018 cm“, ,1N KC1, .00137 H g-butanol

differential capacity ve. potential .0219 M butanol
differential capacity vs, potentisl .1096 M butasol

differential capacity vs. potential .548 ¥ butanol

potential scan diagram for Zn0, on mercury electrode

LI )

Potentisl scan diagram for Zn0O, oa zinc electrode
SM MaOH, .01 M ZnO), A = .04 cu’

potential axis -- 50 aV / iach
current axis -~ 5 mA / inch

scan #1  sweep rate = 100 mV/ sec
scan #2 gweep rate = 50 mV/ sec
scan #3  sveep rate = 25 nV/ sec

1/2

~

plot of 1/4 ve, 1/w
t1/2

from rotating disc electrode data

plots of Q vs. from chronocoulometric data on the reduction
of Znoil2 on 8 zinc electrode

line #1 potential stepped to -.094 (E-E®)

line #2 -.114
line #4 -,154
line #5 -.174

plot of Log X vs. E~E® for zincate reduction on mercury
electrode from chronocoulometric data

plot of Log A vs. E-E® for zincate reductiou on zinc
electrode frow chronocouiomerric data
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ABSTRACT

Zquations are presented permitting calculation of electrolyte distribution

. ikl

as a result of membrane absorption, from known weights of membrane
and solution, KOH aad water tranaference data, as a function of con-

eentx'nt.ion. are presented for two typical battery membrane separators,
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SUMMARY

Absorption data are presented to show the relationship between internal
(within the membrane) and external molality of potassium hydroxide,
-Equations have been derived which permit the calculation of the equili-
brium values of the weights of water and potassium hydroxide in the
membrane and in the residual solution, as well as the internal and
external molalities, These are calculated from the known weights of

membrane, original solution, and original molality.

It has been calculated that for low membrane to solution weight ratios,
the most pronounced effect is an increase in the hydroxide concentration
within the membrane with respect to the concentration in the original
solution, For higher membrane to solution weight ratios, a decrease in
the hydroxide concentration in the residual solution is the most pro-

nounced effect,

The effect of temperature on ablorptioﬁ does not appear to follow any
definite pattern except for the fact that there exists temperature dependency
in the absorption of both potassium hydroxide and water in Visking V-7

and PUDO-600 cellophane, Furthermore, concentiation effects appear to
be temperature dependent,

Transfcrence numbers fo~ both ionic species and solvent have been
determined at 30°C, The values of t 4 indicate a slightiy hi-gher mobility
of KF {relative to OH') in the membranes as opposed to free solution. The

values of t, show an expected concentration dependence,
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I. INTRODUCTION

The poor performance of alkaline silver batteri~s at low temperature may
possibly be attributed to concentration changes within the cell brought
about by selective absorption of the membrane, as well as the transport
characteristics of the latter, resulting in electrolyte lreezing at higher
temperatures than would be indicated on the basis of the initial concen-
tration, It is the purpose of this program to measure such pfopertien of
typical membrane separators, correlate them with cell oporation, and
finally, to evolve practical mathematical expressions relating cell voltage
as a function of time, temperature, current, electrolyte concentration,
and membrane properties, Such relationships will be of valus in the

design of cells having improved low temperature performance,
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II, RESULTS
A, Membrane Absorption of KOH
The measurement of KOH absorption by membranes has b completed,

PUDO-60C cellophane, Visking V-7, and 2. 2xH 207 acrylic. id graft
polyethylane were investigated., Measurements for the latter material
were extremely irreproducilﬁle. so that no cogent information could be
derived., Although formal mathematical correlaticns for the absorption
measurements have been presented earlier (Ref. 1), most of the experi-
mental data was obtained during this period, Therefore, in order to
maintain continuity, these are repeated here, together with the completed

data,

The parameters of importance to membrane absorption are

1. Internal-external molality

2, Fraction absorption of KOH or water

1, Internal-external molality

Figure 1 shows a typical relationship between the concentration of KOH
within the membrane (internal molality) and that in the residual solution
(external molality), which can be expressed in the form:

internal molality = N (external molality) + P {1)

where N and P are functions of the membrane and the temperature, as

shown in Table I,
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TABLE 1

Internal -External Molality Parameters

0°C 'c

:
DU AT i 0 TPT AL SR ,.oulﬁ

Membrane E P § ;_"
Visking V-7 1,20 1,04 1.38 0, 538 5
PUDO-600 113 1,49 1,12 2.22 ;

Since the plotted data do not pass throvgh the origia, -aluc? for P are not
applicable at very low molality,

' i

2. Fraction absorptinn ~¢ XOH or water

The fraction absorption of KOH by the membrane has been correlated with

the eigernal molality, This quantity ie defined as

!

Fraction absorption KOH = - (2)
m
where wi is the weight of KOR in the membrane at equilibrium, and w’:n is

the dry weight of the membrane.

The exact form of the mathematical relationship between the fraction

- absorption and the external mclality is quite complex, if ona considers the
entire range of external mblality. For mathematical simpliciiv, the
total concentration range can be divided into a number of distinct regions.

Within each region the data can be expressed according to the following
relationship:

Fraction absorption KOH = J (external molality) + K {3)

with equilibrium conditions implied. J and K are constanis for a given

region.

-4-




A similar relationship exists for the fraction of water absorbed as a

function of external molality, i.e.:

 opme BN ovee B~ JUNE -~ 2B

Fraction absorption water = L (external molality) + M {4)

omd  Gmmed

It should be noted that no theoretical significance is attached to equations

(3) and (4). Although empirical, they are, however, representative of

the data on membrane absorption obtained under the experimental

conditions,

Values of J, X, L, and M as a function of molality are given in Tables II
and III.

3, Calculation of electrolyte distribution

The membranes absorption data permits the calculation of the KOH concen-

Co O O o0 = 3

tration within the membrane and the solution at equilibrium, as a function f

:
of weights of dry membrane and original solution, and the initial electro-

lyte concentration,
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TABLE I ABSORPTION PARAMETERS - VISKING V.7

30°C

mev—

m
—

0.0-67

60 1.' 'u 3
8.3-150

Ln_
0.0 - 1,0
L0 - 21
2,1 - 6.6
6.6 - 7.6
7.6 -10.0
10.0 -15,0

0 C

|8

o.o, - 604

6.4 - 8.1
acl -l408

m,

6.0 - 3.0
3.6 - 57
57 - 7.8
7.€ -16.7
10,7 -14.8

Best AVai!ab!e Copy

Fraction Absorption KOH

J

©0.1330

Fraction

-0, 0552
0. 0623

Absorption Water

L
0. 908
-0, 488
0. 110
-0.456
-G o6l -
-0, 00652

Fraction Absorption KOH

J

0,183
-0,133
0. 0787

Fraction Absorption Water

L

0. 188
0. 3506

-0. 628
-0, 0876
0. 0654

o

X
©-0,0114
1.28

0, 262

0.823

0, 957
4,700

L, T4

1. 064

.3
"°c 0744
1. 89

0. 179

1. 01
0. 547
6. 23
2.05
0. 406

2.208
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30°C
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c3 &3

0°C
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TABLE III

&
0.0 -
3.5 - 6.6
6.6 - 8.7
8.7 -15.0

LK

m

c.¢ -~ 1,0
1.0 - 2.1
2.1 - 6,1
6.1 - 7.6
7.6 -10,0
10,0 -13,0

13,0 -150

=
1.2 - 6.2
6.2 - B.4
8.4 -150

E._ s
1.0 -
2.1 -
6.1 - 8.0
8.0 -10,2
10,2 -11.9

6. &

l!'9 ’1510

[N

P
T -

By K gt

2.1

ABSCRPTION PARAMETERS - PUDO-600

Fraction Absorption KOH

3 3
0, 105 - 0,028 3
0, 168 -0, 170
-0. 0546 1. 29
0. 0510 0. 365
Fraction Absurptiaon da.‘:_l_-_
L M
0. 267 0.872 -
-0, 185 1 32
0. 257 - 0.412
-0, 450 410
-0, 08838 1, 9o
-0,0122 1. 18
0. 0737 0. 0653
Fraction Absorption KOH
3 X
0. 2186 -0, 141
-0, 184 2. 37
0.0874 0, 0822
Fraction Absorption Water
r M
-0, 165 1. 49
0. 459 0,177
-0. 849 8. 08
-0. 0645 1,85
¢, 0030 1. 15
0. 100 -0, G057
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The following parameters are dstined:

m, - ’ rxiolaltty of original solution

) uf' - weight of original asvlution | c

1 e v - original weight of KOH (see Note 1)
wo - original weight of water (see Note 1)
v - dry weight of membrane
v - weight of KOH in solution at equilibrium (see Note 2)
We - weight of water in solution at equilibrium
w, - weight of KOH in membrane at equilibrium (see Note 2)
' Mwi - weight of water in membrane at equilibrium
no A Furthermore, it has been experimentally shown that at equilibrium

fract.on absorption KOH = J (ext, mol.) + K {(3)
fraction absorption water = L (ext, mol.) + M {4)
internal molality = N (ext, mol.) + P {1

Note 1. v, and Wo are determined from original solution parameters by

the following relationships

m.w' 17. 8w.
Yo = 17.8+m. and wa = 17.8 + m.
1000 w
(L3

derived byﬂvli‘n‘ear combination of wo_ + Wo = w‘. andm = m:_

{mol., wt, of KOH is 56. 1)

Note 2. The subscripts e and i correspond to "external” and "internal"

relative to the membrane,
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Although the values of J, K, L, and M are dependent on the particular
value of the equilibrium external molality, oniy the final numerical
sointion will be Izzzudz2t on the proper cholceof J, K, L, and M. A

mathematical solution for W W., w,, and Wi is dependent only on the

i
form of equations (3) and {4) as will be seen,

Equations are presented on the next page which relate the weight of
potassium hydroxide and water in both the membrane and residual

solution under equilibrium conditions,

Equation {10) expresses Wc in terms of known quantities., From the value
of We. w° can be found by equation (9). Simil’arly. baving w‘ and We, wi
and Wi may then be determined from equations (7) and (8). However,
since substitution of We in equation (9) would lead to a rather involved
expression for W it was decided that numerical solution for Wc should
be made before substitution in equation (9). Since the expression for We
is itself rather cumbersome, a computer was used for the mathematical
solution, Certain restrictions on the final value of We aided in the choice
of the proper values of J, K, L, and M, A value of W‘ which is
imaginary, negative, or greater than Wo is a physical impossibility,
Therefore, an alternate choice of J, K, L, and M was necessary to

establish a value of We within the limits W°>W.>0.

Since it was anticipated that alternate choices of J, K, L, and M might

be necessary, the computer program was written so as to allow facile

substitution of such values. Having decided on the proper value of We. it
was then possible to solve for we. Wi. wi, equilibrium internal molality'

and equilibrium external molality. As a fina: check, the inteinal molality
was determined from the external molality and equation (1). Since N and

P in equation (1) are the most exact parameters, the value of We was

adjusted until the value of the internal molality derived {from A and W
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agreed within 0. 1 m with that found using the computer value of equilibrium
molality, This adjustment procedure was also written into the computer
program, * The successful solution to equations (5), (6), (7), and (8)

means that for a given mémbrane, it is possible to describe the distribu-

tion and concentration of electrolyte within any port!onbf the cell under
equilibrium conditions,

Although direct comparisohs of the values of J, K, L, and M for the
membranes at two temperatures could be made, more meaningful informa-

tion may be derived by comparison of the final electrolyte distribution

under a given set of conditions. In Tables IV, V, VI, and VI1I, some of

these calculations are presented. The initial conditions, weight of
membrane, weight of solution, and solution concentration have been

chosen for illustrative purposes and are not meant to indicate any limita-
tion of the mathemaitical relationships,

Certain relationships are evident from inspection of the electrolyte dis-

tribution tables, It is apparent that for both membranes at each temper-

ature, there is 2 marked reduction in the amount of residual e.lectrolyte
as the ratio of membrane to initial electrolyte becomes greater, Although
the amount of residual zlectrolyte is dependent on the type of membrane
and initial conditions, it appears that there is a maximum amount of
membrane which should be used without deleterious effect on a battery
system, Furthermore, it is seen that if the original weight ratio of

membrane to solution s 1:10, the KOH concentration at equilibriumn is

significantly higher in the membrane than in the original solution, whereas

*The authors wish to thank Mr, Robert Elkin for writing the computer

program, The computations were carried out on an Olivetti-Underwood
Programma 101 digital compauter. - A YTV R D o P
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the concentration in the residual solution is only slightly lov.ezr, On the 1
other hand, for a ratio of about 1:2, the concentration of thé residual
solution is markedly lower than the original solution, whereas the 1

- membrane concentration is approximately the same as the original

concentration, _ o - . %

For Visking V-7 at 30°C and C*C, and for PUDO-600 at 30°C, it is seen

that the amount of residual electrolyte iq“greater for the higher initial

concentration, 14,0 m, than for the lower initial ccncentraﬁon; 9,0 m.,

That is, the overall membrane absorption is less at the higher concentra-

[P

tions than at the lower concentrations. This relationship is more complex
in the case of PUDO-600 at 0°C although it appears that the amount of
residual electrolyte is greater at the lower initial concentration, as !

opposed to the other cases,

A comparison of Tables IV and V reveals the fact that for botk initial ,
concentrations, Visking V-7 appears to absorb more electrolyte at the
lower temperature. Although the effevct is relatively amall, it is of
sufficient magnitude so as to be applicable in the design of batteries for
low temperature operation, This effect appears to be more complex in
the case of PUDO-600, At the lower concentration (9. 0 m) more

absorption occurs at the lower temperature, whereas at the higher con-

centration (14, 0 m), greater absorption occurs at the higher temperature,

There are urdoubtedly other electrolyte distribution relationships which
‘g may be derived by the methods previously described, However, since

the absorption measurements are only a part of the investigation of

transport characteristics of membranes, further discussion of electro-

lyte distribution will be deferred.
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The method used tc determine the absorption parameters involves a small
weight of membrane in a relatively much greater weignt of KOH solution,
This method was chosen because of experimental simpilicity, Since these
experiments formed the basis for calculating the data presented in

Tables 1V-VII (where the weights of membrane and solution were within
an order of magnitude comparable to more typical battery ratios) it was
decided to experimentally confirm the absorption correlaticn, Using a
Visking V-7 membrane to solution ratio of 0. 3/1, and an initial concentra-
tion of 8. 97 m, the eauilibrinrm cczzzntrative & KOH in the solution was
found to be 7. 12 m, compared to the calculated equilibrium concentration
of 6.82, It therefore appears that the mathematical correlation of

absorption is reasonably accurate,

B, Transport Numbers

Another area of effort important tn the definition of electrolyte-membrane
relationship is the measurement of cation and anion transport numbers
through membranes, together with the apparent transport number of
solvent, One cannot strictly dafine the transport of solvent per faraday
as a transport number, since the solvent is an uncharged material not
directly entering into the current carrying process, It has become
common practice, however, to designate the change iz the number of
moles of solvent associated with the anolyte or catholyte rer faraday as
the solvemnt transport number, We will follow this convention, Further-
more, since the direction of solvent movement is not defined by the
stoichiometry of a reaction, we shall consider that a positive value of the

solvent transport number corresponds to the direction of cation movement,

The method used to determine the transport numbers corresponde g

-

that used by Kressman (Ref, 2), Thie methcd d.ffers from the usual

Hittorf method in that not only is the change of concentration after

-17-
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electrolvsis measured, but also the total weight of material remaining in

the electrode compartment, In this manner, both the cation transport

number, t , and the water transport number, ! could be determined,

+
Since

t, +t =1 : (11}

the anion transport number is also determinable. In the usual Hittorf
cell, a compartment separating the anolyte and catholyte is used. Since
the net transport in this compartment is zero, no concentration change
should occur. Any measured change in this compartment may then be
attributed to diffusion, due to the electrolytically created gradient. In
addition, the Hittor{ method us-ually involves direct measurement of t*

andt , The accuracy of the method can then be verified by use of

equation (11).

I the study of KOH transport through membranes, certain mbdiﬁcgtionq
ol '"-a Hittorf method were made by Kreasman in order to facilitate the '
expe:ihzental procedure, The middle compartment was eliminated, and
the anolyte compartment was made much larger than the catholyte
compartment, The latter modification was made sinze it had been found
that t+ was dependent on the concentration in the receiving compartment,
The effects of diffusion and concentration polarization were eliminated
by determining a range of time and current density in which t+ remained

constant,

Similar precautions were used in our experiments, However, we
unfortunately chose a range of condiiions in which errors dve to diffusion
were suificiently similar so as to give apparent consistency to our

sarlier experimental data. Therefore, the data which was presented in

-18-
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previous reports is in error. The error was noted when several layers

of membrane were used in tae transference cell, as opposed to the single

layer used in the initial axnarimants, Under these conditions, the effect

“"of back-diffusion should be minimized, whereas no effect on the real

value of the trausport numbers should be seen. It was found that t
markedly increased under the new conditions. The corrected values of

t, and t_ for PUDO-600 and Visking V-7 are preseated in Table VIIL It

‘was noted that the greatest change in t, occurred at those concentrations

where the diffusion constant was greatsst, lending some measure of

veracity to the present experimental method.

Cation transport nvmbers in KOH solution have been previously determined
{Ref, 3), The values of t, decrease from 0,26 at 1,0 m to 0,22 m at 3.0m,
remaining constant at 0. 22 until 12, 0 m and then increase to 0, 26 at

17,0 m, It thus appears that the values of t+ in the membranes are

slightly higher than in free solution, That is, the apparent mobility of

the potassium ion, relative to the hydroxide ion, is slightly greater in

the membranes, Whrether this increased mooility is due to change of

ionic hydration, ion aggregation, or environmental effects (direct
membrane-ioninteraction) cannot be decided at this time. Similarly, the
effect of concentration on t, within a given membrane appears to be too

subtle to be related to any single factor,
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TABLE Vill TRANSPORT NUMBERS, 30°C

PUDO-660

m 2. 6 5. 7 7. 6 11,2 15. 0

-t+ 0, 32 0. 29 0. 26 0,131 0, 24

ty 2.3% 4 1,38 1. 10 0, 68 0. 56
Visking V-7

m 2.6 5.71 7.6 11,2 45,0

t, 0. 28 0.29 0.3 0. 26 0. 24

L 2, 34 1, 38 1, 21 0.74 - 0.51
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III, FUTURE WORK

A, Derivation of differential equations relating change of electrolyte

concentration with time,

B, Integration of these equations using the previcusiy determined

absorption, transport, and diffusion parameters,

C. Experimental verification of the integrated expressions under

typical battery conditions,
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Report, Delco-Remy PO, DR108650 {(Contract No. AF 33(615)3487)
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3. S. Lengyel, J. Giber, Gy. Beke, and A, Vertes, Acta Chim, Hung,
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INTRODUCTION

During his first quarter, emphasis has been placed on the
deveiopment of methods to insure the uniforuity of the

dose receilved by samples jrradiated in our source, and to
determine the effect of a non-aromatic solvent and a chain
transfer egent on grafting. The proposed program reguires a
detailed study of grafting procedures during Phase III of this
contract. This initial study was undertaken only tc determine
if gross effects on cycle life could be attridbuted tc the use
of chlorinated 3olvents, These snlvents afford certain
advantages in grafting over using benzene and a small percentage
of carbontetrachloride in the grafting solution.

A detalled study was also undertaken on the crosslinking of
three basic films to accurately determine the dose received
by the samples irradiated with 1 MeV electrons., These
crosslinked films were then extracted to determine the gel
content., The irradiated films will also be evaluated to
dete-mine the number of crosslinkg as a function of dose. A
recent report by M, Dole, et al,, indicates that the
initlal aslope of the

(5+S%) va, L8 curve, where s 1s the fraction of soluble
T

component at dose r and rg 13 the dose at the incipient gel
point, and i3 strongly dependent on the initial molecular weight
distribution. Thus, from gel-dose measurements and a knowledge
of the molecular welght d*,iribution the number of crosslinks

in the irradlated samples can be determined.

The implication of this finding ;s that different base polymers
with differing molecular weight 2istributions could be more or
less efficiently crosaslinked, This area of investigrtion has
not been completed during this first quarter, Worx is co.:tinu-
ing in this area,

Phase T of this pros.am recuires the investigaticn of three

base films, two ™ romers, and three levels of crosslinking plus
evaluation of control filma (i.e., uncrusslinked filws). This
is outlined in Table J. To date, mamples Nos, 1, 9 and 17 have
been completed, Nos, 4, 12 and 20 are now being graftad and will
subsequently be evaluated, The crousslinking dose received by

¥ H.Y. Kang, O. Saitc, and M, Dole, Journal of American
Chemical Society, 89:9, Aprll 26, 13967 p. 1380

L ‘ - !vv ; C y
Bont Foveiicle GOP
,J; LR by howte

bl A B e




o o S

SR R IR Y S I YRt AN 1 S+ Rl 5 e OB i T o < . s e, < ¢

< W o

it g

BT

s =
. 1 PP T, WY T ¢ T TR .
- et AT NV, © TRT TR ks
B i . U o canintil e v

R B

these samples 13 approximately 90 Mrads, rathev than 70 Mrads
as indicated in the table, This chsnge was made because:

-
- 0

Investigations prior to the stari{ of this program indicated
improved cycle life with increased irradlaticn of the basge
polymer; and

The irradiation of a "package" of one mil f1lm to 70 Mrads
(1.e., a surface dose of 70 Mrads) affords film with a

dose varying from 70 to 90 Mrads depending on the depth of te
£1ilm in the package and the ei..ergy of the electron source,
The sclection of film having the desired extent of irradi-
ation 1s simply made by choosing film at the desired depth
in the "package". The maximum dose received by individual
f41lm in the package irradiated here was about 90 Hrads.
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EXPERIMENTAL

The experimental program followed during the first quarter can
be divided into a number of areas:

1, Development of procedures to assure uniform radiation of test
samples,

2, Evaluation on new grafting aolufions.

3. Radiation crosslinking of films to be evaluated during
Phase I,

4, Grafting of crosslinked films,
5. Evaluation of grafted films,

Development of Procedures to Assure Uniform Radiation
of Test Samples

To assure absolute control of radiation grafting special motor
mounts have been designed and conatructed which can be placed
into positions around the radiation source, The motor placed
in these mounts carries an aluminum tube into which the test
tube, containing the sample to be irradiated, is placed.

Using this technique insures that:

1. The distance from the center of the source to the center of
the tube is constant for all samples,

2. The test tube is parallel to the source,

3. A horizontal line passing through the center of the source
also passes through the center of the samples,

_ 4, By rotating both the sample and the source, maximum

uniformity of the radiation dose will be received by the
sample,

Evaluation of New QGrafting Solutions

Table II 1lists a series of grafting experiments in which
various grafting solutions were used, The first series of
grafts, i.e., Nos, 211-6-1 through 211-6-7 compared grafts

made with solutions A, B and C, The rationale behind these
grafting solutions was to compare the substitution of methylene
chloride for the aromatic component of the grafting solutions
and also to determine the effect of the chain transfer agent,
carbontetrachloride, The second series, Nos. 21i1-8-1 through
211-8-4, was 3et to note the effect of total dose on the graft
level and thereby the variation of resistance with graft level,
The last series, Nos, 211-18-1 through 211-18-6, was undertaken
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to determine the effect of varying the chain transfer agent
through a wide range (from O to 30%).

Teats are continuing to determine the cycle 1ife of all these
samples, No firm concluaions can be drawn from the results

to date, There 13 a strong indication, however, that the
resistance of grafted films 13 asymptotic with the graft level.
Sample No, 211-8-1 with a graft of only 23% has a resistance
value of 11/10/15 millichms (1.e., for left-center-right) while
other samples grafted to much higher levels showed no significant
improvement with increase in the graft level,

Crosslinking Studies

Three base polymers, designated U-280, P-1712, and B-0602 were
croeslinked during this period. These {i1lms were irradiated to:

1, Establish a procedure which would permit ready determination
of the dose rece’'ved by the irradiated film,

2. Establish a procedure for irradiation of large quantitles
of film.

5. Determine 1f significant differences in gel content ano M,
values at equivalent irradiation are a function c¢f the
films under investigation.

4, Obtain sufficient quantities of film for this research
program,

Crusslinking of Polyethylene Film

An approach has been undertaken so as to obtain known and
controlled doses by beta radlation of polyethylene film,

Stacked sheets of polyethylene film (135 sheets, 25 ft. in
length, each having a one mil nominal thicknesas were irradiated
to 7C Mrads (1.e., the surface doss was 70 Mrads). Since the
dose a material receives 1s non-uniform with depth due to the
variation of the percent ionization occurring in the material
with depth, cellophane dosimeters were used to determine
dose-depth relationship in the stacked films, The results of
the dosimetry can be seen in Figure 1, curve A, Curve A gives
the actual dosimetry on the sxperimental run. Curve B, which

48 similar to curve A i3 an independent run performed by
Radiation Dynamics, Inc., Curve C, shows the theoretical
dose-depth relationship for 1 MeV electrons, It can be seen
that neitner experimental curve approacnes the theoretical curve
in overall dosc or sgrecad with depth, which 1s mainly duez to
practical limitations in the 9lectron accelerator used, 1In

th's study the fact that the experimental curve does not match
up to the theuretical curve 1s of minor importance, since the
main aim of the run was to produce {1lm which was irradiated
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Uralting soiution 1 %)
Soiuticn Components A B C ;:f E
Benzene 33.5 | 67.0 | 35.0 | (5-35) | 66.4
Methylene chloride 33.5 - . 35.0 35 -
Acrylic acid 30.0 | 30.0 30.0 ‘ 30 30
Carbontetrachloride 3.0 3.0 - | (30-0)| 3.6
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to a known dose, Significently, this experiment shows that it
will be necessary during all future irradiations to use
dosimeters as a quality control procedure to insure obtaining
accurate readings of the irradiation dose,

For further verification of the effect of dose on croaslinking,
a gel study was conducted on the irradiated films by
determining the variation in gel content with depth or since
this 1s a function of dose, with dose. The results for
P-1712, B-0602 and U-280 rilm, plotted in Figure 2, shows that
the minimum dose to achieve significant gelation is about

30 Mrads, This result indicates the minimum allowable dose

on all future studies with these films should be 30 Mrads,

The slope of the curve above the 30 Mrad dose indicates that
the gel ocontent does not significantly increase with increase
in dose for this material, It i1s expected that this maximum
gel content will vary from polymer to polymer depending on
initial molecular weight distribution and perhaps antioxidant
content, It is interesting to note that the gel content for
the B-0602 f1lm is higher than that of the P-1712 or U-280.
The possible explanation for the lower gel content cf the
P-1712, when compared to the U-280, can be due to the higher
antioxidant content of this film,

Grafting of Crosslinked Films

Samples Nos, 4, 12 and 20, as shown in Table I, are currently
being grafted, The films used to graft these materlals were
all irradiated to approximately 90 Mrads, The results of the
grafting will be reported in the next quarterly report.

Evaluation of Grafted Samples

The samples prepared during this quarter have not been
completely evaluated, Only reslstance, cycle l1life and zinc
penetration, as determined by Hull Test, have been determined
to date, This data was given in Table II.







RESULTS AND DISCUSSION

The results of the grafting experiments and crosslinking
studies in general are in line with our basic concepts as
proposed. Naturally, the data obtalned to date is incomplete,
therefore, we cannot form absolute conclusions. It is of
interest to note, however, that the resistance values of the
grafted films appear, within the limits tested, to bve
independent of the percent graft., Also, within the 211-8-1
through 211-8-4 series it appears that the Hull Test and cycle
life values are some inverse functions of the percent graft,
This particular observation must be used cautiously in
developing a relationshlp because the perce:t graft is
determined on the weight change of 25 fect of film while the
resistance value 13 taken on a2 one-inci plece, If the graft
i3 not uniform, then it 1s possible to select a small section
with a higher than average graft. We are currently reviewing
various methods for determ. .ing the percent graft over the
entire film area =2 that w= might plot a grart density. In
addition, different grafting solvents are being evaluated

to insure uniform grafting,

Cycle 1life on the grafted ssmple has all been done on three
plate cells, These cells were constructed using two silver
and one zinc plate, The plates were wrapped with one layer
of membrane, and cycied at 40% depth using 350 ma charge for
85 minutes and 800 ma discharge for 30 minutes. All data
during cycling 1s recorded,

The crosalinking of the control films indicates that the

U-280 film has a higher gel content than the P-1712 base polymer,
Based on the melt index this 13 not what would have been
exp2cted, The possible explanation for this result could be
due to the apparent high concentration of antloxidant in the
P-1712 f£i1lm, The B-0602 film gave the hlgh gel content as
expected and should also yield the highest crosslink density,
These three films have all been crosslinked from 30 to
approximately 93 Mrads. The exact dose of individual films
nave been determined via use of the dose-depth curve,

Tavle III shcws the variation in dose with depth., It should be
noted that from the 19th to the 37th layer, the dose variation
is only 2.2/92 .4 or less than 2.5%. Each of these represents
25 feet of f*Ym or a total of over 400 feet. This should be
sufficient -saterial to complete the requirements of Phase I

of the contract,
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Table III Crosslinked U-280 Pilm

Depth Depth of Total
Layar Thickneas® Pirst F11mP Total Dose Dose Gel
No. {mi1) {mil) (Mrads) Content
A A A
28 1.64 54,40 3.35 93,8 gg-?
zg 1.81 64. 5 3.30 gg.u .1
51,98 g 3.10 ‘.3 84,2
55 62,15 4, 3 2,74 7-.:.2 87.3
67 5.7T1 14 2.20 &1, 86.2
9 9.27 112 03 1.66 hs.g 81.2
5 .05 118.81 l.gg 37. 7Z-9
9l 102.83 125,59 1. 30.2 74.0
97 109.61 132.37 c.84 23.5 66.0

a'rho average film thickness waa found to be 1,13 mils,

bThe electron prior to impinging on the film penetrates:

1. 2 mils of titaniva

2,

6 inches of air and a 6 mil polyethylens bag.

This i1s equivalant to:

22,76 mils of unit denaity.%depth of film =
layer number x average thickness + 22,73,
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During the second quarter, the lollowing work is schedulad:

1.
2,
3.

FUTURE WORK

Preparation of all membranes sho'm in Tadble I,
Evaluation of wembranes Ncs, 1-24,
Preparation of three membranes in 100 ft. quantities by

August 15th, These will be subuitted for testing to
Delco-Remy.

Preparation of three additional membranes 3n 100 ft.
quantities by Octover 15th, These will be submitted
to Delco-Remy for testing.

Determination of M, values of croeslin »2 f1ilma,

Selection of new base polymers to be evaluated during
Phase I of this invastizavion,
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