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" Next,

.weight yet not detrimentall) affecting plate conducnvity

" ments in the overall cell design.

ABSTRACT

. The objective of this contract was to deisign a high energy 'densii\' nickel

cadmlum cell of aerospace quality. The specnfic energy densltv boa! was o approach

20 Whr/lb.
first ana]yz.ln;, the factors havm;, the gleatest effect upon it

lmplovement of the’ cnerby densitv of existing cells was undertaken by
‘First, the weighl '

contributions of the 1nd|v1dual components of a typical commercial ccll were quantificd.

improvements, i. e., _decreases in component weights were shown to be possible
in a number of areas. bpecmcally plaque substrate wexghh cou!d be reduced by

selecting qmaller wire diameter screen without affecun}, the plaque snenph In

_'addiuon, maJor weight-savings could be achieved by reducing lhe sinter Ni plaque

mechanical strength

pore structure. Such 1mprovements su;:gebt the utilization of manufacturing lcchmquec.
which produce hu,hlv umform and conn olled starring materials ina Jduion to nnprove-
In addition to the component wug,ht reduction

incrnased utih/atlon of [he active materials within the por es of the impl oved sintered

“Ni plaque was expected in conjunction with the approprl:zre e_lectro!_vtc. level anq plate

loading levels. - . . )
. Sintered Ni plaque waé-deve]oped on light-weight 'wovgn nickel screen sub-
strate which exhibited improved porosity (up to > 84%_ powder porosity). -The plaque

had, in addition, a pore.volume distribution which has been shown in pxcvmus studlef;

o be favoxable to good utilization of the subsequently depositéd acuve m.uer als

Thls xmproved plaque material was subsequenrl\' used to establish Lhe opnmum param-

The efficient. high temperature

eters for the impregnation of the active materials.

- electrocheniical, impregnation method was used to produce uniform. highly predictable

posmve and negative plate at the experimental, batchprocess level. -Parameters

determmed here were then hpphed to the manufacture nf plaque and plate malcrlal for

R




the assembly of test cells. Although difficultlies in the "scale up" from experimental
" batch quantities to mass quantities of plaque material hindered the theoretical improve-

ments expected to be manifested in the final product. cells were assembled and tested
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with resultant energy densities of 15 Whr/1b.
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L- INTRODUCTION

The objective of this progranm. was to design, develop, and produce well-
controlled and uniform materials for aerospace quality nickel cadmium cells and
batteries. Specific design goéls were to control plaque gauge to * 0.0005 in. and
plaque weight to + 0.05 g/in.2 Goals for plate capacity variability were + 2% at the
one ¢ level for the positive plate and * 3% for the negative plate. An additional pro-
grém goal was to develop design criteria for the manufacture of cells with an energy
density approaching 20 Whr/Ib. The cycling demands and opefational temperatures of
synchronous and near earth orbits have been considered. '

To accomplish these goals, a four phase program was carried out to study

‘and optimize in a logical manner: (1) the cell design, (2) plaque development and

‘manufacture, (3) plate development and manufacture, and (4) fabrication of hardware

to evaluate plate and operating cell characteristics versus the design goals. The first

phase was carried out by analyzing cell components which are the maj‘or weight

‘constituents. On this basis improvement of the cells’ energy density was realized

by decreasing various component weights. During the second phase of the program,
Ni sinter plaque embodying the necessary high degree of quality and uniformity was
produced which substantiated our projected weight savings in the proposed cell design.
In the third portion of the contract, the development of optimized conditions an¢ pro-
cedures for the manufacture of both positive and negative plate utilizing the high ‘
temperature electrochemical method of impregnation was carried out and further
substantiated-the validity of the proposed cell design. Finally, hardware in the form
of 4 Ahr cells was fabricated on an experimental basis. Later, 12 Ahr cells,
manufactured to the final design criteria were tested.

It was determined theoretically, that in a 20 Ahr size cell a modest increase
in energy density could be realized. In the 12 Ahr configuration the ratio of active

cell components to case weight severely hampers improvement of energy density.
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IL CELL DESIGN

A. Design Considerations for Higher Energy Density Cells

Factors influencing the energyv density of sintered plate nickel-cadmium cells

can be categorized as follows:

1. Weight of the hardware (i.e., cell case. terminals electrolvte,

tabs, etc.),

2. Weight of the supporting substrate (mesh, perforated sheet.

expanded metal, etc.),
3. Weight of the sinter structure,

4. Weight and efficiency (utilization) of the active materials. initially

and as a function of time,
5. Polarization characteristics of the cell.

Some improveients in the weight (hence, energy density) of commonly used
hardware are possible through the use of lighter weight case materiais (e.g.. Ti.
plastic, ctc.) These improvements are considered beyond the scope of the effort.
However, the weight of the supporting substrate can be reduced measurably. For
example, by reducing the wire size from 0.007 in, to 0.006 in, for-a woven Ni mesh,
the substrate weight is decreased by 25%. _ '

Also important is the weight of the sintered _stifuctu_re, since the Ni sinter
can contribute as much as 35%! of the plate weight. Reducing the weight of the
sinter without detrimentally affecting plate conductivity. mechanical strength, and

plate pere structure would increase the energy density of the cell. Of equal if not

greater significance is the weight of the active material contained in the porous plates.

With a controversial exception for the positive plate, the active materials have fixed

PRECEDING PAGE BLANK NOT FILM™ 3
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electrochemical equivalents (i.e., coulombs per mole or unit weight). The utilization

) of these active materials can varv1 with the pore structures of the plaque, the quantit_v

of clectrolyte available and the loading level. Therefore mcreasmg the utilization of

. ‘active material in the plates by Op[llelng plagque structure adds to the energ\ density

ofa cell.

. B. Conventional Cell Analysis

ln order 10 de'ex mine the proper approach to improved cell destgn, data on

’extstmé cells was developed and analyzed The initial step taken 1nvolted analyzing
‘the WElgh[ of a conventional 20 Ahr rated aerospace cell equ1pped wuh a third elec-
_ trode. These data presented in Table |, 1nd1cate which cell components are major

“weight constituents. It is the.reducnou in weibht of those heavy components (Le.,

positive plate,' negative plate, cell cas'e).that. has the largest impact on cell weight.

Table L Component Welght of a 20 Ahr Cell

Total cell welght o ) R : R 917.0'g' -
‘Nine negatwe electrodes R . o .24322g |
“Ten p0s1t1ve electrodes PR . 20241¢g
Stainless steel case (0.031 in. thlck) | '214.9l g
Cell top, “nylon screen,‘ 3rd electrode | 64.35 g
i Separator N 4_ - | ‘ 10.63 g

Subtotal \Veight 825.53 g

Electrolyte weight by difference o . 9147g

'I‘hese data indicate.that the case accounts for 23.5% of the cell weight. There- .
fore. a reduction of 20 % of the case thickness (Le., reduced from 0.031 to 0. 025 in. )
vnll decrease the welght of the cell by 4.7 g. The other mapr welght compor.2nts_

.arz the negatlve and positive electrodes compnsmg 26. 5% and 31.8% of the total cell
'weigl't respectwel\' kis apparent from these data that a reduction in plate -weight

is signi‘'cant and would have a measurable effect on mcreasin_g cell erergy density.
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C. Improved Cell Design

The plate weight can be broken down into three constituents; namely, the

substrate, the plaque, and the active material. These components were analvzed

- to determine their contribution to the plate weight. Data are presented in Tables 1L

I, and IV. Using these data the following cell design was postulated.

As an example of these culculations, a cell rated to deliver 20 Ahr is chosen.

‘It should be noted that plate weights can be proportionately increased or reduced

depending on cell size and capacity, this can have profound effects on the final energy
density.

1. 20-Ahr cell:
a. Cell rated capacity is 20 Ahr (assumption).’

_ b. To assure cell delivers the rated capacity,. set tolerance such
that the cell will deliver 22 Ahr (safety factor).

c. The positive plate nominally delivers 80% efficiency in the

- starved state; therefore;

22 Ahr _  27.5 Ahr of positive active material
0.8 efficiency -  in the flooded state

d. At the designed loading density of T Ahr per in.?,

21,5 Ahr_ _ g
TAN/ 3 = 3:93in.7 of plate are required.

e. Using as a boundary condition the accepted size package for a
20-Abr rated cell, trial and error calculations were made to determine plate thick-

ness. Thus, at a positive plate thickness of 0.028 in.

3
3.93 in. _ .2
0.028in. 140 in.” of plate area .

f. Using these same boundary conditions, a 14-in.2 plate is used,

thus providing for 10 positive plates.



_ Téble..IL', Properties of Various Substrate- Materials . -

. S Weight " . ‘Thickness .
Substrate Type (/in.2) o (ind)
- Ni plated steel C 0,33 ¢ . 0.007
Electroformed Ni 040 -~ 0.008
Electroformed Ni ~ - . 022 . 0,005
Perforated Ni- . 025 . 0.003,
Screen 0.007-in; wire -~ 0.23 ~ 7 0.014
120 %20 ‘Screen-0.006-in. wire 0.17 - .. 70012
" mesh Screen 0.005-in. wire - 0,13 - , 0.010- .
... \Screen 0.004-in, wire 0.075 - E .0.008
, Screen 0.007-in. wire - . 029 T - - 0.014
95 x 25 ) Screen 0.006-in. wire ‘0,21 .- 0.012

‘mesh ) Screen 0.005-in. wire 015 . - 0010
: Screen 0.004-in. wire 0.09 - K -0.008
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Table 1IL. Several Plaque Properties

Plaque Thickness Plaque Porosity
(in.) (%) :
0.025 78

. 0.025 80
0.025 82
0.025 84
0.030 78
0.030 80
0.030 82
0.030 84
0.035 78
0.035 80
0.035 82
0.035 84

Plaque Weight

__gg{ in.z)

1 0.817
0.742
© 0.668
0.594

0.980
0.890
0.802
0.712

1.142
1.040
0.933
0.839
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Table IV. Weight of Active Material

Plate Capacity Positive Weight Negative Weight
(Abr/in.%) (g/in.?) (e/iny
0.100 : 0.345 0.273
0.125 0.431 0.341
0.150 0.517 0.410
0.175 0.603 0.477
0.200 0.690 0.546
0.225 0.775 0.615
0.250 0.862 0.673
0.275 0.948 0.751
0.300 - 1.035 0.817
0.325 1.122 0.887
0.350 1.208 0.956
0.400 1.380 1.090
0.450 1.552 1.225
0.500 1728 1.360
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g. Using these criteria, similar caiculations were made for the

. negative electrode. Flooded negatxve capacity is based on the posxttve capacxty and

factoring in a 1.4: 1 negative-to- posmve vatio. Therefore

‘(27 5- Ahr positive capac1ty) (1 4) = 38.5 Ahr of flooded
negative capacity.

h. Ata lo_ading density of 9 Ahr per in.-3,_

© 38.5 Ahr .3 o
- 'm Anhc/in = 4,28 in.” -are required-

i. Takmg the assumptton of one more negative plate than positive

plate, then 11 negatives are requtred or )

(11 negattve plates) (14 in. ) 154 i_n.2 of negative plate.-
plate , - .
' ,j. Therefcre, the negative plate thicl\-_ne'ss’-can be calculated as_:

4.28 in.3 of negative plate - _ 0.028
: 1.54 in.4 of plat_e-area .

. This value is con51dered the approxlmate va lue for plate thlckness

~ One factor Wthh has a significant mfluence on the de51gn of- the cell is. the
plate thickness. As prevlously mentioned, the value arrived at was influenced hy
dlmensional limitations. However, w1thm these limirations there is some flexibility.
In terms of cell weight, it is advantageous to maximize plate thickness since the
number of plates will be decreased, thus eliminating some tabs and screen. However,

prevlous studle:.2 have shown that by increasing plate thickness, active matenal is

_not utilized as efficiently, thus requtrmg additional material to be present Also,
" thicker plates polarized, causlng. greater voltage drop within the cell. Both effects

decrease usable energy density notably as charge and d’lscharge currents increase,

It has also been shown that thicker, heavlly loaded negatwe plates do not recombine

_oxygen as well as thinner plates, which further limits chargmg and overcharging

of cells,
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It would then seem that thin plates would produce a cell with better operating
characteristics. llowever, as plates decrease fn thickness, they also would have to
increase in number, as shown in Table V, in order to provide sufficient cell capacity.
Based on substrate weight data (0.005-in., 25 x 25 mesh) , each added plate pair
would increase total cell weight by approximately 6 g. On a pro rata basis, this
corresponds to 1 Ahr of cell capacity. In other words, to justify a decrease in
plate thickness (and add one plate pair), cell capacity would have to be enhanced

through greater active material by more than 1 Ahr. These factors were considered

‘in the selection of plate thickness

The other cell components of significance in this design are the electrolvte,
cell case, separator, and top assembly. In keeping with earlier discussions con-

cerning the material restrictions of materials exposed to the cell environment, the

- cell case will be stainless steel. The current-carrying members of the top assembly

will be elther nickel or stainless steel. The seals used for this design will be of the

_ crlmpéd polymeric type,

The choice of separator material is essentially limited to either nylon or poly-

_ propylene. It is believed, based on recent experience well known to aerospace users,

that nylon separators have a useful but limited life. Polypropylene separators have
been shown to be usable and provide proper plate séparation, appears to be resistant
to attack by thé cell environment, and permit acceptable levels of oxygen recombina-
tion. - In this context, the use of polypropylene separators was chosen.

The recommended electrblyte is 30% KOH in keeping with the maximum con-
ductivity binary system. Assuming cells will operate in the range of 0 to 20°C, the
addition of iithium or sodium ions to the electrolyte is not expected to have any
appreciable effect. Of major importance is the quantity of electrolyte used. Based
on data presented in Fig. 1, the quantity of electrolyte will be based on the total pore
volume and adjusted to meet the oxygen recombination requirements. The value for
the oxygen recombination rate is based on the specific duty cycle and the recombina-
tion capabilities of the negative plates. This value for electrolyté cjuantity is on the

. order of 80 to 85% of the total pores available.

Using these data and those presented in previous tables, the estimated cell

welght i{s shown in Table VL

10
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Table V.

Necessary Plate Thicknesses for Various Numbers of Plates
*Thickness of **Thickness of
Single Plate Total Plate Positive Plate Negative Plate
No. of Plates Arca (in.2) Arca (in.€) (in,) : (in.)
9 14 126 0.031 0.034
10 14 140 0.028 0.030
11 14 154 0.026 0.028
12 14 168 0.023 0.025
13 14 102 0.021 0.024
14 14 196 0.020 0.021
15 14 210 - 0.020

* Based on 3.93 in.3 of positive plate

** Based on 4.28 in.3 of negative plate

11
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Table VL Estimated Cell Component Weight for 20 Ahr Rated Cell

Components Weight (g) % Total Weight

Substrate (0.005-in,, 25 X 25 mecsh) 44 5.6
Plaque (83% porous) 197 25.2
Positive active matcrial 96 12.3

- Negative active material 104 13.3
Case - 172 22.0
‘Top assembly, etc. 65 . 8.3
Separator 11 14

~ Electrolyte o 92 11.8
Total | | 781 100.0

_This design would produce a 20-Ahr cell approximately 10% lighter than other 20-Ahr
rated cells.

D. Improved Cell Design

1. 12-Ahr Cell

When considering the design of the desired 12- Ahr rated cell a similar
analysis of an existing aerospace quality Ni-Cd cell was carried out and compared with
a proposed cell fitting the physical constraints of the existing cell with the expected
improvements incorporated into the degign. The calculations are related to those dis-
cussed previously for a 20- Ahr rated cell and proceed as follows: the cell is rated
at 12-Ahr, and with a 10% safety factor the desired delivered cell capacity will be
13.2 Ahr. This capacity is based on a 1.4 to 1.0 negative to positive capacity ratio
operating in the starved condition which is assumed to be at an 80% fill level. There-

fore the needed delivered capacities are:

e positive capacity - 13.2 Ahr at the 80% fill level the flooded
positive capacity would be - 13.2 = 0.8 = 16.5 Ahr

® negative capacity - 13.2 x 1.4 = 18.5 » -~ at the 80% fill level the
flooded negative capacity would be - 18.5 = 0.8 = 23.2 Ahr.

13
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These calculations assume 100% efficiciicy of both the positive und negative electrodes.
Given the physical constraints of a tvpical aerospace 12- Ahr rated cell, the clectrode
size is selected to be 2.80 x 3.25 in, or 9.1 in.2 If we assume that there will bé 10
positive electrodes the total area will be 91.0 in.2 and the loading density would be
16.5 Ahr/91.0 in.2 or 0.181 Ahr/in.® At a selected electrode thickness of 0.028 in.
for positives, the loading per unit volume of plaque would be 6.5 Ahr/ms, which is
within the limits known for positive electrodes. If weé assume that there will be 11
negative electrodes, (i.e., one more than positive) the total negative electrode area
will be 100.1 in.? and the Joading density would be 23.2 Ahr/100 in. or 0.232 Ahr/in. 2
At a selected negative electrode thickness of 0.C30 in., the loading per unit volume of
plaque would be 7,72 :\hr/in.3 which again is within known limits for negative elec-
trodes. Such a design will produce a 12 Ahr rated cell with an improved enrergy

density over other cells with the recognized long life capacity ratio.

14
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lIL IMPROVED PLAQUE PROPERTY DEVELOPMENT .

A Plaque Properties

A sintered nickel plaque provides the void volume which contains the active

' material Thc porosity of that plaque dtrectly affects the plate capacity. Variations
~ in porosity, therefore directly affect plate and cell capacity, Consequcntly. control
" of the uniformity of plaque poroqtty and related properties (i.e., poré size distri-

- bution, reslstance etc.} is essential for uniform cell béhavior.- Work reported .

recently3 has investigated the manufacturmg parameters which affect plaque and plate
uniformity. Critical paramcters are plaque porosity, pore size distribution, and -

gauge control. Also, plate loading and gauge control ultimately affect cell uniformity.
These variables have been controlled and documented _

Plaquc struc[ure can affect the performance of the plate. Thicker, less

'porous structures polarize and /or pronde poorer utiltzation of active material Both .

of the effects reduce the energy density of cells and must be minimlzed through proper
selectton of plaque structure. These propentcs of the smtered nickel plaque can be
alter_ed by controlled parametric changes in the manufacturing process. Plaque
porosity, for exanple, can be altered by varying thetem'perature ' of the sintering .
operatton. To properly select a plagque structure, one must also consider-the fact

that it undergoea changes during the impregnation process The commonlv used

. chemical impregnation process and the proces- described. by Fleischer can corrode
" the nickel stiucture to a degree sufficient to.cause sloughing and warping of impreg-

1
nated plates. These: ‘corrosion effects are dependent on the time and temperature of

the impregnation process. To compensate,: plaquc< are often made less porous

. (more dense) in order to thhstand the mechantcally degradtng effects of corrosnon.

Cons_equently. plaque structure is not optimized for higher energy density cells.
. - _‘ . . - ) . L
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Another process referred to as the high temperature electrochemical impreg-
nation5 process affects the sintered nickel plague to a measurably smaller degree.
By virtue of this method, (cathbdization in acid nickel or cadmium nitrates), corrosion
effects are minimized. This property therefore allows the use of a more open and
porous plaque structure without destructive loss of mechanical integrity and electri-
cal conductivity. Since this impregnation method is dependent on the diffusion of ions
(H*", Ni+2, Cd+2) into and (OH ) out of the plaque, pore structure and surface

characteristics™ are critical properties. Consequently, use of the high temperature

impregnation method requires development of a plaque structure not necessarily used

with the more conventional impregnation process.

B. Plaque Preparation and Characterization

The production of large quantities of uniform, aerospace quality battery
materials suggests the use of manufacturing techniques that allow the close control
to those plaque and plate characteristics which affect the final product. Considering

~ the manufacture of plaque, the slurry coating process is inherently easier to control

than the dry sintering method. As a result, continuous lengths of slurry-produced

plaque can be produced with uniform properties. Initially, short run batch lots of

" plaque material were produced using the slurry-coating process and the properties

of these materials compared to those of dry sinter produced plaque. The plaque
produced must not only be lightweight in nature, i.e., have a high porosity and be
manufactured on a low weight substrate, but its impregnation characteristics must

be such that it allows the necessary loading of active materials to be utilized to

the fullest extent.

According to the results of the previous development contract, 3 it was found
that the high temperature impregnation method was critically dependent on the physi-
cal characteristics of th= porous nickel plaque. In fact, it was found that loose dry
sinter plaques appeared to deliver higher spec'ifi'c capécitiestthan those plaques manu-
factured using a slurry coating method. It was suggested that this phenomenon was
caused by the formation of a slip-glaze on the surface of the slurry-coated plaque
which might narrow the surface pore opening and impede the diffusion processes
which necessarily occur during the high temperature impregnatibn method. This
would lead to decreased quantities of active material being deposited within the

structure of the plaque and excessive deposits at the plate surface,

16
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Obviously, if the optimum plaque material is to be interfaced with tie optimum
impregnation method, a technique to overcome these apparent shoricomings of the
plaque ihad to be made. During this contract, a successful technique was developed.
The pore size distribution of a typical slurrv-coated plaque of the tvpe manufactured
under the previcus contract is indicated in Fig. 2. The Jistribution was determined
on a Micrumeritics Model No. 903-1 mercury porosimeter. This shows a large
proportion of pores havirng diameters in two rather distinct regions - 20 to 140 uy and
220 to 340 p - the majority beirny in the latter region. When impregnated by the high
temperature electrochemica’ method, this plaque shows an increased thickness due
to active material buildup on the surface and poor electrcchen:ical characteristics
(i.e., low capacity, after formation due to loss of active material from the surface).
In comparison, a typical loose sintered plaque, as shown in Fig. 3, has a well-
defined pore size distribution consisting of much smaller pore diameters. When
impregnated, this plaque increased in thickness only 0.0014 in. before formation
and exhibited a capacity of 7.0 Ahr/in.s, although its other physical properties were
similar to that of the previously noted slurry-coated plaque. Attempts to duplicate
the pore size characteristics exhibited by loose sintered plaque for slurry-coated
material were succussful. The slurry formulation and type of nickel powder used
were changed (Inco 255 instcad of Inco 287) and led to plaque material with pore
distribution typified by Fig. 4. It can be seen that the pore diametcrs are distributed
over a range which closely approximates that of the loose sintered tvpe plaque.
Investigations into this plaque’s loading capabilities indicate substantially increased
specific capacities over the earlier slurry coated plaques without appreciable surface
buildup.

As discussed previously, uniformity of materials was an important criterion
in this contractual effort. Uniforimitv seems to have been achieved as demonstrated
by a slurry-coating run designated TY -8, utilizing 20 x 20 mesh, 0.007 in. nickel
wire substrate, and the 255 based slurry. This run provided some 16 feet of plague
material exhibiting the characteristics shown in Fig. 5. Therefore this method of
production was used for the fabrication of plague in this effort. '

The effects of varying the sintering conditions of plague manufactured by the
slurry coéting prccess are presented in Table VII on plague designated as TY-12,

It can be seen in the table that, as ekpected. higher temperatures and longer times

at temperature decrease the porosity and gauge of the plaque. Jt’can also be seen that

17
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the very short times at lower temperatures has a deleterious effect on the imechanical

sire‘ngth of the plaque. Rcferring to Table VIII which.contains additional data relating

- to the uniformity of the plaque manufactured for this effort, it _shonld be noted that’

the large standard deviation found for the mechanical strength:measurement may -
suggest an insénsitivity'of the test itself when compared to the standard deviations of

the other plaque prnpcri‘lc ;. Nonetheless any gross va riation in this nieasurcnient

- ‘should still be construed as a real property of the subject matenal as noted pre-

viously. .
The substrate uscd in-the manufacture of plaque is pUrchaqed from National-

Standard Company of Corbin, Kentucky. This material is unique in that the screen

“is calendered after weaving, which induces cold welding of the wires at their cross-
P - over points. This property further enhances the mechanical stability of the plaque -
¥ structure and mlnimi'/es‘ loowe wires and resultant short circuits Fig. 6 shows a
: cross sectional view of wire mesh similar m that used in our- p]aquc. The nlckel
i wire is ‘Grade "A" or No 200 The analybiq of this type of wire is as followq-
{ ‘Nickel +(Cobalt) 99.0° min,
P A
: _Carbon ) . 0.15 max.
Manganese o 0.35 "max.
: Iron S - 0.40 max. _ o o
Sulphur Lo 0.010 max. .. . ' o ' Y LT
L Silicon © 0,35 max. L - ' ‘ » R )
P Cmper ' 0.25 max.'._ ‘_ o . o /
The tensile ran;,c on O 005- in. annealed w1re is 64 000 to 72 000 psi. . {0
g |
H ) :
&
i
B
1 E
23°
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v Table VIIL . TY-16 Plaque Data
.
: Siptered Plaque ' _— : : Mechanical
) Thickness wt - g/in2 - Apparent Powder - Resistivity Strength
; Plaque No. (mils) (corrected for substrate) ~ Porosity  Porosity Q-cm (kg/cm?)
: 1 20.97 0.73 78.80 82,32 0.006 91.83
2 29.35 0.71 78.05 82.42 0.00612 80.64
: 3 29.86 0.685 78.98. 82,32 0.006 80.81
? 4 29.45 5.691 78.56 82.94 0.00612 71.32
o 5 28.77 0.694 78.00 82.45 0.00564 90.80
. 6 28.86 0.694 78.06 82.51 0.00636 83.78
: 1 28.95 0.689 78.25 82.69 0.50622 94.93
' P 8 28.51 0.692 77.83 82.32 0.00598 91.77
9 28.90 0.686 78.28 82.73 0.00616 85.99
; 10 28.73 0.689 78.09 82.55 0.00632 90.56
? 1 28.172 0.684 18.19 82.63 0.00622 107.19
— 12 28.51 0.680 .- 78.20 82.70 0.00612 89.35
‘ 4
' Mean 29,05 0.693 78.27 . 82,63 0.00610 88.25
Standard . :
Deviation, ¢ 0.503 0.0137 : 0.340 - 0.283 0.0019 8.87
—
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Cross-sectional view of cold welded nickel wire substrate
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_IV. .IMPROVED PLATE PROPERTY DEVELOPMENT .

‘A Impregnat'lon Method

" A first step in plate productton is.to determme whtch 1mpregnatlon method

o will be used and what effect it has on plate and cell umformlty and reproducibility.

With regard to plate manufacture the htgh temperature electrochemlcal
lmpregnatton raethod gtves the DEst control of the distribution and morphologv of

the active matenals

The so- t.alled ™ hemlcal method and the proceqs descrtbed by Fleischer have -

’ been used widely in the manufacture of nickel-cadmium electrodes. The relatively

new high temperature method referred tp above has not been used extenéi\'el)'. I

- has several notable advantages, - Its speed (approximately 1hrto imp'regnate plateé)

is very attractive to manufacturers since cost savings can be realized. The technical

'advantages are also noteworthy The fact that electric_current is uscd to pr ecnpltate

the active material has two important advantages Firstly. the. unlformitv of active.

material is dlrectly related to current distribution over the plaque surface. The use.

of well-established electroplating methods minimizes any varlab_tllty. Secondly, the

Aquantlty of active material is proportional to the applied current. "This provides a

direct control over the capacity of a given plate. Other impregnatlon methods
rely solely on the properties of the plaque to effect capacity uniformity. This uni-

‘formity within a given piate 2nd from plate to plate s most desirable for highqualitv

cells where cell to cell reproducibility is required. This is especiall_v true ‘where
cells are series connected in a batterv ‘and subjected to deep depths of discharge.
The chance of nverdlscharge is therebv substantially reduced.

_ Other notable advantages are the characteristics of cadmium electrodes pre—
pared using the subject impregnation method The plates show a higher utiltzatlon

of active matertal which is an advantage when’ designing a plate which maxtmlzes
i : .
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