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Studies on the effect of piate thickness on sealed cell be-
havior during high rates of discharge were carried out at 0°F. As in
earlier teets, the cell containing the thinner of the two plate
oizes used showed the better performance. -

Plate impregnation with the high purity nickel and cadmium
salt solutions were completed. The plates were formed, and from the
plates sealec cells were assembled. These cells; along with controls,
were cycled at room temperature, to stabilize their capacities, and
then placed 1n an oven at 120°F to test the charge retention merits
of the high purity saltas.

Sealed cells using plates with a heavier plate backing
support were assambled with 0.025" and 0,034" plates., These celle
were used to study the effect of 2 more uniform plate curremt dis-
tributicn on sealed cell behavior during high rates of dischargs.

The affect of rubidiun and cesiium as electrolyte additives was also
studied under high rate discharge conditions.

A 0::«1/(:4((!)2 coulometer, using 0.035" plates was constructed
and tested at high current rates, It was found that the capacity of
the device decreases with incressing current. It was also found that
20 excessive anount of heat is generated with this device at high
current. Consequently, another one ie¢ being tested with thin plates
to ainirize these undesirable effects.
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A breadboard model of the charge control circuit was cone
structed and tested. The it functioned properly when activated
by a coulometer signal. Three charge control circuits, each capable
of handling 110 amperes, were constructed to test each of the three
signal generating devices; the coulometsr, Adhydrode, and preseure
switch,



. JFTRODOCTION

The objectives of this research and development program are
to design, develop, and fabricate hermetically sealed, maintemance-
free, high rate, nickel-cadmium batteriee for aircraft spplicatioms.
That is, the battery wust be capable of delivering the necessary power
for engine starting, it must be capadble of withstanding the varied en-
virommental conditions that may prevail fn an aircraft, and {t must
be campatible with the constant poteatial charging system of the air-
craft, To achieve these objectives, two broad areas are being investi-
gated,

Firstly, a basic research program has been undertaken with
the ultimite goal of improving the electrochemical operation of sesled
nickelecadmium cells., The areas where improvements are sought include
longer shelf life, better electrical performance at high rates of charge
and discharge, and better electrical performance at high and low tem-
perature extremes.

Secondly, to make the battery compatible with the constant
potential charging syetem of the aircraft, and, at the same time, to
eliminste unnecessary overcharging, several methods are befng investi-
gated to control bsttery charging. These methods include monitoring
the smpere-hour capacity taken out and put back into the battery
(coulometer), the Adhydrode which generates power as pressure {s built
up inside the cell, arnd & pressure sritch which is triggered by the
internal cell prespure,

This report describes the work performed during the third

quarter of this program. Details of this work are given in the

following sections.




IN. JATYERY RESEARGH AND DEVELOMMENT

A. OF PIATE THICRMESS OM CELL OoR RATE
CEARGE AND DISCHARGE
Sealed nickel-cadmium cells equipped with pressure gauges and
containing 0.020", 0,035" and 0.050'" plates were tested to determine the

effect of plate thickness ( and consequently, current density) om cell

behavior during high rates of charge and discharge. In assembling these
cells, the total plate volume in each cell was kept as nearly constant
as possible to obtain a good comparison in their bshavior. All plates
were 2.15" x 1,90" and the theoretical capacities of these cells, cal-
culated from the weights of the active materfial, were 3,23 AH, 3.82 AH
and 3,82 AH respectively. The performance of these cells at high rates i
of charge (up to the 40 ampere rate) and discharge (up to the 60 ampere
rate) at room temperature was reported previously (Second Quarterly
Technical Progress Report, February 1965).

The high rate performance of these cells was also investigated
at low temperature, Cell §1-50 (containing the 0.050" plates) was ocmitted
from these tests because of its poor performance in previous tests. The
cells were charged at 400 ma for 16 hours at room tewmperature, placed in
an air-circulated cold chamber and allowed to cool seven hours before
discharging. The temperature in the chamber was meintained at 0°F 'f;:
Pollowing the seven-hour stand to allow the cell temperatures to equilibrate,
the cells wvere discharged at rates ranging from five amperes to sixty
amperes to 0,6 ¥V per cell, Results of these tests are shown fu Pig. 1 to ‘
9. The AH capacities obtained at the various dischaerge rates, and their

corresponding cuzrrent densities are presented in Teble I,
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® Calls reached 0.6 ¥ within two seconds from the start of discharge

, T #1=30
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S muperes 87.5ma/tn.? | 1.7 am

110 auperes 175 wa/in.? | 147 M@
15 superes 262,5 na/tn,” | 1.37 A
20 smperes 350 wa/ta.’ | 1.30 A8
25 anperss 437,.5 nl/in.z 1.08 AB
30 mperes 525 wa/in.’ | 1.08 AR
40 superes 700 wa/tn.? | 1.0 am
50 superes 875 un/!.n-.2 0.93 AH
60 apexes 1050 u/in.z 0.83 AN

459 wa/in,2

765 wa/in,’
918 ma/in.
1224 wa/tn.2
1530 ma/ tn.i
1836 ma/1n,?
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As may be seen from the dats, oell #1-20 (containing the 0.020"
plates) again performed better at all discharge rates. 3ts voltage and
capacity were higher, At the fifty ampere and sixty ampere ratas, cell
#1-35 reached 0.6 ¥ within two seconds from the time the discharge wes
startad,

The better pexformance of the cell containing the thinner plates
is the result of several cesusas. PFirstly, at any given dischargs rate,
the axrent density in cell #1-20 iy lower. Secondly, because cell #1-20
contsing more plates (15 plates in £1-29 and 11 plates in #1+35) withia
the esme space, its interncl resistance {s lower and consequently, its
IR drop 1s lower. Thirdly, because the center to center spacing of the
plates 18 closer in cell #1-20, {ts concentration polarization must be
lower. YThe wvalidity of these assuxptions {® supported by examining the
voltagse plateaus and AN capacities of the two cells at comparable
current densities. At the lower rates (up to about 25 amperes) the two
cells yisld sbout the same capacity at couparable current densities, Now-
ever, at highar rates, vhere polarization is the predominant cause of
voltags and capacity losees, cell #1-20 perfommed much better at comparable
current densities.

Paragraph 3 of the Work Statemeni Specifies a 600 ampere dis-
charge for one minute with the battery voltage maintained at no less than
14 volts. Por a 19 cell bettery, this mesns 0.74 volts per cell assuming
negligible losses dus to the intercell and battery connectors. The ex-
perimental results of this section suggest that this requirement can be

met at 0°F,
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Yo study the effect of impuritiss snd the nature of the anionie
coustitumnt of the impregnating solution on the self-discharge character-
fotice of se¢ led nickel-cadmium cells, high purity nitrates, chlorides,

and acetates of nickal amd cadmium were prepared, The method of prepara~
tion and compositiom of each of these solutions was described previously
(Second Quarterly Pechnical Progress Report). These solutions were used
to fmpregnate sintered nickel plagues {2.15" x 1.,90" x 0.035")., Rach
fapregnation cycle consisted of the following sequence of operationst

1. Absozption of the metal salt solution under vacwm.

2, Drying of the plates at 50°C.

3. Precipitation of the metal in 343 KR

4, Washing and drying at 50°C.

This fmpregnation cycls was repeated as many times a8 was required
to achieve the desired weight gain. A sumary of the weight gain and the
ommber of cyclss required to achisve it for each type of plate 49 showm in
Sable II.

Bickal Ktzate 8 23.0 gm/cu, in,
Nickel Chloride 8 23.7 ga/cu, in.
Cadmivm Nitrate 5 2807 -Ie‘. in,
Cadniim Chloride 4 28,0 gm/cu, in,

Cadmium Acetate 8 28.0 gu/cu, in.




Because of the low solubility of nicksl acetats, 32 cycles were
required to achieve a weight gain of 21.3 gm Bi(0M),/cu. in. using this
solution, This represents 92.5% of the desired goal (23 gm/cu. in.).

At this point it was felt desirable to terminate plate impregnation
bacause the weight gains per cycle were so small that an additional six
to ten cycles might have been required to reach the original gosl, In
addition, it was also felt that these plates wers sufficiently loeded to
§0 ahead with the next phase of these studies.

Pollowing inzepattnn) the plates were formed. This operation
consisted of five charge~discharge cycles £t room temperature to stabilize
plats capacities prior to sealed cell assembly, Each cell consisted of
nine positive and ten negative plates. The cells were charged at 600 ma
for 24 hours and discharged at 3.0 amperos. The first and fifth dischaxrge
cycles were carried cut to 0.5 ¥ to fully discharge both positive and
nagative plates, while during the othar cycles, the discharge was carried
out to 1.0 V. Call capacities were checked to 1.0 V and Ng/Ng0 reference
electrodes were uped to sscertain that the cell capacities were positive

1txiting. %he stable capacities obtained from these cells were se followe:

Bitrates 7.95 AR
Chlorides 5.70 AH
Acetates® 8.90 AR

&® This eell consigsted of ten positive and ten negative plates, so
that on a per positive plate basis, the acetates yielded a cap-
scity equal to the nitrates.

Tollowing formstion, the plates were thoroughly washed in
delonized weter and dried. At this time it was noted that the positive
plates prepared from the nicksl chlorids solution showed evidemce of a

e ke e r o me




chemical attack. Apparently, the small traces of chloride left {n the
plate appear to be deleteri{cus, which may aleo account for the lower
espacity obtained during formation, No evidence of any chemical attack
wes noted cn the other nickel plates or on any of the cadmium plates.

Pour nickel p.i.tes and #ix cadmium plates were sslected from
each group for sealed call assembly., Two fiveeplate cells were assembled
from each group of plates, 7Two additional sealed cells were assambled
with plates wvhich had been impregnated with standard, battery grade nickel
and cadmium nitrates., The two latter cells were added to the group as
controls, Rach cell, equipped with a pressure gauge, contained 6.5 cc
of high purity, 347 KOE as the elsctrolyte,

The cells were charge-discharge cycled at room temperature
mtil the cell capacities stabilized. %¥The cells were charged at 1.5 amperes
for one hour and at 150 ms for 16 hours to insure a cosplete charge. After
a 30 minute stand, the cells were dfscharged at 750 ma to 1.0 ¥ pexr cell,
Ten such charga-discharge cycles were run to agcertafin that the cell capac-
ities had stabilized. The capacities obtained during the last three
cycles were averagsd and these values are showmn in Rsble III.
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AJ_GAPACITTES OF RIGH PURJYY CELLS
SHL ¥, CURLT . S -
-1 1.41 Control
sY-2 1,43 Control
EPA-1 1,28 Prepared from Acetate
B2 1.44 Prepared from Acetate
-1 1.30 Prepared from Chloride
EPC-2 1.95 Prepared from Chloride
sl 1.43 Prepared from Nitrate
-2 1.41 Prepared from Bitrate

Yollowing room temperature cycling, the cells were charged as
above, and placed in an over maintained at 120°F + 2°P for seven days.
At this vriting the cells are in the oven. After a seven-day stand, the
cells will be discharged at 750 ma to 1.0 V to determine the charge
Tetention merits of the high purity salts,

OF DISCHARGE
In an attempt to obtain a more unifors curreut distribution in

the battery plate and thereby, reduce polarization in the cell during
high rates of charge and discharge, sintered nickelplaques with 0.005"
nickel as the plate backing support (instead of 0.003") were fabricated,
These plaques were fabricated in two sizas: 2.15" x 1.90" for laboratory
studieg, and 5.90" x 2,75" for assembly of 35 AB prototype cells, Rach
nize plaque wes fabricated in 0,025" and 0.034" thickness. These sintered
plaques were impregnated with active material and their weight gains ave
shown in Zable IV,
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JABLE TV
MEREET_GAINS OF BATTEXY FIAXES
Ni(ON), ca(om),
PIATE SDXX cu. in m/cu, in,
2,15" x 1.90" x 0,025" 21.4 27.2
2,15" x 1,90" x 0,034" 23,2 27,2
5.90" x 2.75" x 0,025" 21.6 27.8
5.90" x 2,75" x 0,034" 23.2 27.8

Yollowing active material impregnation, the plates were assembled
into flooded, vented celis for electrical formation. Each cell was assembled
wvith nine positive and ten negative plates, Pormation consisted of a
tenshour charge rate for 24 hours (240%.4nput). and &8 two-hour discharge
zate o 1.0 ¥ per call, Tsble V shows the specific charge and discharge
rates, and the stable capacities obtained from these plates.

TABLE ¥
_CHARGE XD DISQUARGE BATES
AR
AR CAPACITIES OF FOSMAYION CELLS

CURRENT DENSITY CAPACTTY
CHOL QATE SDX) = CHARGE TR DJSCLARGE WYY _ N PISCUNE AL
2.15" x 1.90" x 0,025" 600 ma 3.0 amp 40.8 wa/1n? 5.9
2.15" x 1.90" x 0.034" 800 ma 4.0 sxp 54.5 ma/in 8.0
5.90" x 2,75" x 0.025" 2.0 amp 10.0 amp 34,2 ma/1n? 22.3

5.90" x 2.75" x 0.034" 3.0 amp 15.0 amp $1.4 ma/in? 3.8
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The larger plates were set aside for fabricating 335 AR prototype
cells, 3She amaller plates were assembled fnto two groups of sealed cells.
- One group of culls vas sspembled with aleven 0,034" plates (fivd gibuuve'
and six negatives) and 13 cc of electrolyte, The other group was assembled
with thirteen 0,025" plates (#fx positives and seven negatives) and 14 cc
of electrolyte, The electrolyte msed was 34% KOM. Nowever, to some cells,
slectrolyte was added containing ten wole percent of rubidium hydroxide,
and to some cells, electrolyte was added containing ten mole percent of

cesium hydroxide., The make-up of these electrolyte solutioms was as followss

KOs : 28.2%
RbOH S 5.8%
Ko : 26.2%
Cot 7.8%

Thus, each group comsisted of four cslls with the !ouivhz
electrolyte coubinations: ' .
!«; cells with 341 XOH
One cell with 34% KGH containing Rb(R
One cell with 347 XH containing CalH
All cells were first charge-discharge cycled at room temperature.
the cells were charged at 400 ma for twenty hours and discharged at two amperes
to 1.0V per cell, The capacities of these cells are shown in Table VI,
Yollowing the low rate discharging, the cells were charged as
before and discharged at sixty amperes at room temperature, These data
are shown in Figures 10 to 12,
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Tigure 10 shows data for cells containing 34% X(M. PFigure 11
shows dats for cells with CeOH in the electrolyte, and Figure 12 shows
data for cells with Rb(H in the electrolyte.

CXLL O,

1-255AD 3.10 0.025" plates, 34% KGH
2-255AD 3.17 0.025" plates, 34% KOH
3-2554D 3.07 0.025" plates, 10% CsCH
4-255AD 3.0 0.025" plates, 10% RbOH
1-345AD 3.24 0,034" plates, 34% KOH
2.3‘“” ’.40 00034" Pht“. 341 u
3<3454D .24 0.,034" plates, 10% Co(R
4-3434D 3.30 0.034" plates, 102 DR

TABLE VIX

CAPACTITIES OF
AT 60 AMPERE D

0,025 PIATES 0,034" PIATES
EIECTROLYIR  CURRENT DENSYYY CAPACETY, /AR CURRENY DENSITY CAPACITY, AR
34% Kon 1.224/1n2 2.03 1.47 A/tn?
KB + ColR 1.22 A/1n? 1.60 1.47 A/1n2
KOE + RbCH 1.22 A/1n? 1.49 1.47 A/1n?
343 xm * 1.05 A/1n? 1.5 1.836 A/1n?

* Cells #1-20 and #1-35

. - v o s
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The data are alsc tabulated in Tatle VII, and for comparison,
the data obtained for cells #1-20 and #1-33 under comparable conditions
are also included,

As in previous experiments, the cells containing the thinner
plates showed the better performance at the high discharge rates, It is
interesting to compare results obtained earlier at the same discharge rate
under comparable conditfons, The data indicate that while the heavier
plate backing support has no apparent effect on the high rate performance
of the heavier plate, it does, however, show an fmprovement with the
thinner plates. Apparently, the more uniform curremnt distribution in the
heavier plate is overshadowed by other effects, namely, polarization, How-
ever, in the thinner plate cells, where polarization is reduced, the more
wmiform cwrrent distribution shows & definite advantage.

To show the effect of the electrolyte additives oa cell performance

at the high discharge rate, data for the 0,.025" plate cells were plotted as
shown in Pigure 13, As may be seen, the cells containing the slectrolyte
additives have a lower voltage and a lower capacity. Experiments are now
in progress to measure the resistivities of these solutions to determine 1if

this is the cause of thase observations.
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A. CIOEIR CRAREE CONIROL

To investigate its high rate characteristics, a Cd/cd(0H),
coulometer was constructed, Ten plates, each 5.90" x 2,75" x ,035",
were used for each electrode., The device was conditiomed to place ite
electrodes in their proper states of charge, and them cycled several
times, at 10 amperes, to stabilize its capacity, A typical "charge-
discharge"” cumrve is shown in Pigure 14,

The effects of hish current rates on the coulometer wvere in-
vestigated by subjecting it to charges and discharges ranging from 100
emperes to 600 smpetes in 100 ampere intervals, These data are show. in
yigures 15 to 20, The ampere-<hour capacity of the coulometer decreases
ag the rate is incressed in a msnner similar to the behavior of a ntckal- :
cadaium cell, This behavior is desirable, for if the coulometer becomes
unbslanced with respect to the battery, it could either prevent complete
charging by giving a premature signal, or cause excessive overcharging
by giving a delayed signal. To insure safc charging, it becomes desirable
to have the coulometer gﬁe a slightly premature signal at all charging
rates.,* During the couxse of these experiments, it was noted that as the
current was increased, t;hc coulometer st increasingly warmer. At 600
smperes, it became 8o hot that water vapor appeared to be boiling off
through the vent.

& It might be noted that, at 600 amperes the coulcmeter had an average

voltage drop of 0.7 volt for the first munute of discharge.

e vn aNeteaes e R
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A cd/ca(a)z coulometer employing 0.025" plates was, therefore,
constructed to determine i{f an increase in capacity at high rates, similar
to the incresse obtained using thin plates in nicksl-cadnium cells, would
result, and at the same time reduce the smoumt of heat generated due to
!2!. The coulometer was filled with 347 KON wmeil it became slightly

over-gaturated, and then the excess electrolyte was removed, It was found

that a coulomster with a limited amount of electrolyte canmnot be conditioned,

o0 it became necessary to flood the device in order to place its electrodes
in their proper states of charge. It is believed that oxygen evolving from
the anode and recombining with the cathode is the mechanism that prmnted.
the conditioning of the coulometer in its semi-dry state. The coulometer
{8 now undergoing conditioning in the flooded state. After conditioning,
the excess electrolyte will be removed, and the csll will be sealed prior
to high rate testing,

B. CHARGE CONTROL CIRCUTY

A schematic diagram of the charge control circuit is showm in
Mgure 21, The circuit operates as follows: Transistor !1 and I, form
& Schmitt trigger. With mo input eignal, T, is conducting and 'rl is non-
conducting. Thus, point C 43 at a high potential with respect to ground.
This causes the unijunction transistor, NZ; to oscillate and send curremt
puleses into the gate of the silicon controlled rectifier, 8681. If a
charger with the polarity shown is connected between terminals A and B,
euwrrent vill flow in a direction to charge the battery 1if the charger volt-
age is greater than the battery voltage, This current will flow through
lcll because it has been turned on by llJz. Point D is at almost zero
potentisl with respect to ground, and therefore, wl is not oscillating.
Capacitor, C, will charge to the voltage of the battery through Resistor R.
When the signal voltage reaches a selected value, transistor t‘ will turn

on and T7 will turn off. This action 18 regenerative. This makes point C

e amm s e e e
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a low potential with respect to ground and causes W, to stop oscillaing,
Point D, now being at a high potential, starte ml oscillating and current
flowing into the gate of SCRz. scn2 is turned on and the capacitor, C, is com-
nected across the terminals of SCR; thereby reversing the polarity of the
voltage across 8CR; and turaning it off., 8(:82 camnot stay on because after
the capacitor discharges, the only current that could flow must flow
through R which has & resistance high enough to keep this current below
the minimum holding curremt of 8CR, . When the signal voltage decreases
to a selected value, 90!1 i{s again turned on and charging is resumed. The
silicon rectifier, SR, 18 employed to allow the battery to be discharged
by any load placed across terminals A and 3.

™is circuit can be used with either the coulometer, pressure
switch or amplified Adhydrode signal as s means of control, Many of
the problems associated with this circuit were concerned with designing
a Schmitt trigger to operate with the coulometer and the Adhydrode. This
is because near the end of charge, the Adhydrode and coulometer voltage
both rise slowly, from an electronic point of view, and at a certain volt-
age level the cell is fully charged. At this voltage, transistor T,
should evitch from its on state to its off state and turn $CR, completely
on before capacitor C discharges appreciably, The first breadboard of
this circuit had a slow respouse time, and, therefore, work was comcentrated
on derigning a Schmitt trigger with a fast turn on time.

A prototype charge control cireuit capsble of handling charging
currents of 16 amperes and discharging currents of 6 amperes was tested
by using it in conjunction with a coulometer, to control the charging
of a fifteen~cell, 35 AN battery. A typical cycle ran as follows: the
cells were discharged for 1% hours, then the load was discomnected and a

constant potentisl source wes ccmnected to the battery. The charger remsined

1
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connected to the battery until the coulometer gave s signal to the charge
eontrol circuit to terminate charging current. Twelve cycles were rum,
and the charge control circuit fumctioned properly upon signal from the
coulometer.

On the basis of the successful operation of this control cirouit,
three circuits were built. Each of these circuite is capable of handling
charging currents of 110 amperes. These circuits will be used to evaluate
each of the three methods of determining end of charge. Three groups of
cells will be cycled, with their charging cycles controlled by the coul-
ameter, Adhydrode, and pressure switch., Pressure at the end of charge
and ampere-hour capacity will be recoxrded and evaluated to determine the
best method of charge contrxol.




-

19.

V. cowcLusions

Studies on the effect of plate thickness on sealed cell behavior
whowed that thin-plate cells performed bettar at high rates. The improved
performance of such cells is the result of reduced polarization, which fs
the predominant factor in determining cell voltage and capacity at high

rates,

A heavier plate backing support (and consequently, a more uniform

plate current distribution) appears to have a greater effect on thin-plate
cells vhen such cells are discharged at high rates,

A cd/ca(OB), coulometer, at high rates, bshaves similarly to a
nickel-cadmium cell, and an average voltage drop of 0.7 volt can be ex-
pected from a coulometer constructed with 0,033% plates, during the firet
minute of a 600 ampere discharge.

A bresiboard model of the charge comtrol circuit functioned
properly, at medim currents, showing that the basic design of the circuit

is correct,
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