UNCLASSIFIED

o 1T3

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION, ALEXANDRIA. VIRGINIA

UNCLASSIFIED



NOTICE: When govermment or other drawings, speci-
ficatione or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation whatsocever; and the fact that the Govern-
ment may have formlated, furnished, or in any way
supplied the sald drawlngs, specifiéatio!!s, or other
data 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may 1n any way be related
thereto.



o N :.-“t.-:. ~. -g.:wm
o K] Pt e ._“W-,a
- /-J:) N g
) A e
*f&;\ W H
NN g emn
ek < '
\'{ A U an
h TN G ot e
S o iy et
L\ o erI¥ e L
a5,

QUARTERLY PROGRESS REPORT . =< N
| | -

q %

oN %% AT\

LABCRATORY INVESTIGATION3 AND RESEARCH

T 3/

e

TOYARD THE DEVELOPMENT OF

NICKEL CADMIUM ALKALINZ STORAGE BATTERIES
. , 31 DECEMBER 1947

C |
T 0 ~ ~ Contract W-3(-039 SC-32271 -
IO S _ . File Number 16)73~Fil-L6-91(SCEL) -

RS EW
!,‘,,:m. . ,‘;“‘t e """’."': ?-.‘,--:s.:: :ﬂ;%,:
' "1,» R : R ’
o MAR 111968 .,
¥ -1 ' U
NICKEL CADMIUM BATTELY CORPORATION nii}y: 7ivi'TirTy™y " ..

ELASTHALIPTON, HMASSACHUSETTS



é LABORATCRY INVESTIGATIONS AND RESEARCH ~~

{ TGNARD THE DEVELOPMENT OF Ff
\
|

NICKEL CADMIUM ALKALINE STORAGE BATTERIES, :’!

,4/’-/”"““" T By -

R S A AL, AT B U

/@ ARTHUR FLEISCHER, .

\"“"”lwm.-; i

Official: "{%7' }”7

Vice Pres, and Chief Engineer

Copy No. '12

é%f

NICKEL CADMIUM BATTERY CORFORATICH

EASTHAMPTON, MASSACHUSETTS

oo ,-';’. ij) M
@I) QUARTERLY PRCGRESS REPERT. | @U“,ﬁw 21 M, 1‘('*(7):,



A+

IEXT
1.
2.
3.
L,

LABORATORY INVESTIGATIONS AUD PISIARCH TOWARD THE
DEVEIOPMENT OF NICKEL CADLIUL

TABLE OF CONTENTS

Foreword
Purpose
Summary
Discussion

a!.

Sintering

(1) Light Carbonyl Nickel Fowder

(2) Routine Production of Plagues

(3) BEffect of time cn sintering

(&) Perforated Plate Grids

(5) Sintered Sheet as Grid

{€) Gracks in Sintered Plaques -

Teble Jo. 1, Light Carbonyl Nickel Powders

Table Jeo. 2, Shrinkage in Thicxness of Various
Powders

Table No., 3, Screen Analyses of Light Carboayl
Jiclzel Powder

. Impregnation

(1) General Remarks

(2) Impregnation of Negative Flates at Atmospheric

Fregssure

(3) Impregnation of Positive Plates at Atmospheric

Pressure., EIffect of Immersion Time.

() Impregnation of FPositive Plates at Atmospheric

Pregsure., Hultiple Impregnations.,

(5) Impregnation of Positive Plates at Atmospheric

Pregsure. Bffect of Temperature.

(&) Impregnation of Positive Plates ab Atmospheric

Pregsure and Constant Acidity.

(7) Vacuum Iipregnation, Foutine Plate Production
(8) Vacuum Impregnation. nffect of Sintering Time
(9) Vacuum Impregnation of Porous Graphite Plates
10) Cathodic Polarisetion in Lithium Hydroxide

11) Fore Volumes from Drying Data

ALKALING STORAGE BATTERIES

PAGE

o

7-13
720
7

13
16
17
19
19

8

2,0

12

21-37

21
22
_7
29
31
31
31
33

‘35
36

37



Table of Qontents (Contd,) PAGE

Table No, 4, Single Atmospheric Impregnation of

Nezative Plates 25
Table No, 5, Multiple Atmospheric Impregnation of
Yegative Plates 26
Table No. 6, Atmospheric Impregnation of Positive
Plates 28
Table No, 7, Multiple Atmogpheric Impregnation of
Positive Plates 30
Table Wo. 8, Uomparison of Impregnation at Various
Temperatures 32
Table Wo. 9, Vacuum Impregnation, Comparison of
Positive and Negative 34
c. Testing 38-43
(1) General Remarks 38
(2) Pocket Typve Cells 40
(3) Effect of Sintering Time on the Capacity of a
Plate . L1
(4) FPositive Plates Impregnated at Atmospheric
Fressure., Single Impregnations. 41
(5) Negative Plates Impregnated at Atmospkeric
Pressure L2
(6) Mltiple Impregnation of Positive Plates
at Atmospreric Pressure 42
(7) Miscellaneous Tests L3
5., Conclusions and Recommendabions 43
6. Acknovledgments L
7. References Ll
8. Appendix
Table Mo, I. Sintering; Routine Production for
Impresnation Tests L6
Table Wo. II. Sintering; Routine Production for
Imprecnation Tests L7
Table Wo, III. Sintering; Porforated Grids L8
Table No. IV. Sintering; Grids of Thin Sintered
Sheets 49
Table ¥o. V. Sintering; BEffect of Time from 3 to
15 minutes 50~53

Table Fo. VI. Sintering; Routiue Production of S
Plaques . 54



Table of Centents (Contd. PAGE

Table Wo. VII, Sintering; -1 Plggues 55
Table Wo., VIII. Sintering; FM—-2 Plaques 56
Table Jo. IX. Sinteriang; ¥FM-3 Plagues 57
Table o, X. Sintering; Tests on Grab Samples from

1000 1b. lot 58
Table ¥o. XI. Sintering, Zffect of Time from 5 to

15 mimutes ) 59
Table Fo. XII. Sintering; Fi-3 Placues from 1000

1b, lot - 60
Table Fo. XIIX. Yotes on Tables I-XII C - 614
Tavle No. XIV. Atmogpheric Impregnation of

Negative Plates 65-6
Teble Ilo. XV.Atmospheric Impregnation cf

Wegative Plates £7-8
Table o, XVI. Multiple Atmospheric Impregnation,

Negative 69
Table Mo, XVII., Single Atmospheric Impregnation,

Positive 70
Table o, XVIII. Atmospheric Impregnation, Effect
, of Time 7L
Table Jo. XIX, Impregnction at Constant Acidity 72
Teble Mo, XX. Multiple Atmospheric Impregnation,

Positive ' 73
Table Mo. XXI. Multiple Aftmogpheric Impregnation,

Positive T
Table Jo. X{11. Abtmospheric Impregnation of

Pogitive Plates 75
Table Wo. XXIII, Atmospheric Impregnation, Hegative,

Effect of Time at 120°F 76
Table Mo, XXIV. Vacvun Impregnatlon of Negative

Pletes 77
Table Fo, XXV. Vacuum Impregnation of Positive

Plates 78
Table o, XXVI. Vacuum Impregnation of S Plaques 79
Table Wo., XXVII, Vacuum Impregnation; BEffect of

Sinter Time 80

Table No. XXVIII, Vacuum Impregnation of Fl Plaques 81
Table Ho, XXIX, Cathodic Polarization with Lithium
Hydroxide 82



2

Table of Contents (Contd,)

Table No. XXX. Vacuum Impresnation of Porous Graphite

PAGE

Plaques 83
Teble ¥o, XXXI. Atmospreric Impregration. Zffect

of Tine 84
Taole ¥o. XXXII. Drying of Positive Plates 85
Table No. XXXIII. Drying of Hegative Plates 86
Table Mo, XXXIV. Notes on Tables XIV to XXXIII 87-8
Table Jo. XXXV, Testing of Cells with Pocket Type

Plates 89
Table Wo, XXXVI, Test Cells with ¥FM~3 Pogitives g0
Table No. XXXVII. Test Cells with Vacuum Impregnated

Negative 91
Table Mo, XXXVIII, Test Cells including all-sintered

plate cells 92
Table Jo. XXXIX, Plate Capacities for Atmospheric

Impregnation 93
Table 1To. XXXX. DPositive Plate Capacities, Atmos~

pheric Impregnation 9l
Table To. XXXXI. Plate Caopacities, Impregnation at

Elevated Temperature 95
Table Vo, XX5XII. Plate Capacities, Multiple Impreg-—

nations 96
Table Wo,., XXXIII. Fegative Plate Canecities,

Multiple Impregnations 97



LABORATORY INVOSTIGATIONS AWD RESEARCH TOWARDS THE DEVELOPMENT
OF JICKEL CADMIUM ALKALINE STORAGE BATTERIES '

1. FOGREWORD

This progress report, the second following the annual report of
30 June 1947 covers the work of the period, Oct. 1, 1947 to Dec. 31, 1947.
The work of this period has carried forward the experimental survey and.
has resulted in the accumulation of a large mass of data relabting to
the science and technology of sintered plates. It has carried us forward
to the assembly of sintered plate batteries whose performance and life
will be determined during the remainder of the contract. Our present
knowledge, reflected by the experimental data which has been presented
prior to this report and in the present report, will enable the construction
of the required all sintered plate batteries. It has pointed to many
means of improving the batteries and the experiments have in meny cases
defined the phenomenon occurring in allkaline batteries.

The progrem, under the contract, is intended to culminate in
the manufacture of between 20 and 200 alkaline-type batteries with
sintered positive and negative plates, with the batteries to meet the
requirements of specification FLEL5086, 3/17/46. It now appears that
there is a marked increase in interest in performances at high rates of
discharge and this may %o a certain extent change the exact course of
the program. The experimental worl has indicated up to this time thatb
for batteries with sintered plates and performences in the ordinary
ranges of 5, 8 and 20 hour rates can be carried by plaetes of either 2 or
4 mm, of thickness. The requirements up to this time have led us to
concentrate on the thicker plates since the evidence from the experi-
mental work showed a decided advantage in favor of the thicker plates
from several points of view,

The present report does not present a complete analysis of the
data amassed up to this time, In proceeding with the program, there
must be a constant thought of correlating what is done in the production
of sintered placues with the ultimate behaviour of a plate in the battery
and the properties of the product of the initial step must be evaluated
in terms of the final use. It is a natursl consequence, therefore, that
ideas will be promulgated and transferred into actual experiments, often
beforé the guiding principles have been thoroughly established. It is
to be expected that these progress reports will often represent a stage
in the evolution of a correct interpretation or what might be embodied in



1. Foreword (Contd.)

the expression of "thinking aloud." There is every intention of

presenting thorough and logical analyses of the accumulated data, though
many of the developments will supply seed for the desired further devel--
opment of highly efficient and rugeed sintered plate alkaline batteries.

It has been indicated that the work under this developmental
contract has provided the background of fulfilliing the specifications
of the babttery on which it was based, The accumulation of data has
been made from the point of view of »Hroviding the necessary information
on which a plant for quantity proluction can be designed, The importance
of this background of information can not be overemphasized when one
analyses the difficulties encountered in the manufacture of sintered
plate batteries ty A.F.A.G. There is 21 overwhelming tendency to
assume that the translation from laboratory operations to industrial
manufacturing was made with due disrespect and disregard for the detsiled
factual information which was developed and which seems to have been
destroyed in the wake of the American invasion of Germany. In any
event, the German experience should teach the need for translating each
step in terms of the accumulated laboratory experience,

The torollary of the proposition that the translation of design
from laboratory to production unit be made on the basis of experimental
data, is embodied in tke yrinciple thet adequate means of controlliag

. the unit processes be provided, Need for this step is clearly apparent

from our studies and experiences with light carboznyl powder. We now
have g definite picture of the reguirements in the matter of the required

" control and a greater effort should ve devoted to the study of non-—

destrictive methodis of testing. Tre need for such control in the present
instance may be acceantuated by the use of batch processing, yet reference
to the technique and results of the Durac sintering operation is a force-
ful reminder that the success of a large scale production may well be

e function of the methods of control applied to the meaufacturing processes.

These considerations apply to the expansicn of the operations to
the manufacturing scale. In the same way it 1s pcssible to projcect the
present findings into the future vossibilities of regsearch. The results
of fundamental investigations can not always be predicted, bub it seems

" a safe bet to acsume that a better understanding of the nature of the

nickel~cadmium cell and the mechauism of the processes will lead to new



1. DForeword {(Contd.)

and improved batteries, It is a virginm field from the point of view of
the application of the newer tools and theory of modern science.

As an example, the mystery surrounding the function of lithium
ion in the allzaline cell should not continue to baffle us and remain a
purely empirical phenomenon. The clues are in the chemical and physical
characteristics of the lithium ion end its interaction with other com-
ponents of the system. If the cffect is purely one of diffusion and the
related hydrodynamical effects of lithium ion, the vast field of organic
cetions should yield one of characteristics reproducing the effect of
the lithium ion. This would establish a wedge into the closed book of
explaining the action in reasonable terms and then predicting the course
of events under less favorsble conditions and thus opening the road to
improvement.,

Or, let us look into the mechanism of the vacuum impregnation
process. To date we assume that each successive vacuum impregnation of
nickel plagues precipitates lesser amounts of active masses in the pores
of the plague because of some difficulty in reaching 21l of the pores
with solution, despite the vacuum treatment. The experiments with porous
graphite plates gives gome credence to this explanation provided that it
is assumed that the pores are smaller than a certain size. On the other
hand, we know little about the possibilities of a resolution of previously
precipitated active mass in the strong niclel and cadmium nitrete solutions,
in vhich range soluble basic compounds can exist even if only in a
netastabile state, Here we might easily visualize the application of
isotone tracer technique to evaluate the cnemistry of the process.

Illugtrations may be added up to a large number. The present
work is concerned in examining such possibilities for the fubture possibili-
ties for develorment and expansion of an item like the nickel—cadmium
tattery are often closely linked with an inteiligent appraisal of the
field of research and “room" for improvement. There is a certainty that
the field is rich in its possible development. It mey te likened to the
favor:ble geological indications for tabulating Yprovable! ore reserves,
ewaiting development and mining.
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2, PURPOSE

This »nrogress report covering thelgixth quarter under the contract
glves a resume of the vork on sintering light carbonyl nickel powder to
produce porous plaques, the impregnation of the porous plagues with nickel
or cadmium nitrate solutions to produce positive or negative plates,
and on the testing of such plates in cells to determine capacity and

behaviour. The worl continues along certain lines of exploration but

sufficient experimental data is presented to show that a satisfactory
state of progress has beean reached with regard %o the objectives of the
progrem and the contract. .

3. SUIMARY

a. 4 total of 383 plaques were sintered of which 130 were S plagues,
10,5 sq. in, in area, preparcd in the 3.5 x 3.0 inch two~piece form and
of which the balance were prepared in the three-piece FM forms, mainly
with an area of 14 sq, in. The compacts vere assembled in the manner
previously described and sintered under the usual conditions in a pro-
tective gas atmosphere.

b, The placues were male from light carbonyl powder using a series
of 5 1bs. semples, labeled B~1 to B~10, receiv 1 from International
Nickel Co,, and from the first large batch of 1000 1bs, received from
this company, These powders ghowed a variation in apparent density,
determined with the Seett volumeter, from 0,46 to 0,88, The apparent
density of the powder packed into the form, corrected for the grid weight
and volume, was highker by an average ratio of 1,37. This increase in
apparent density with the gentle handling of the powder in mexing the
compacts may be an important factor in controlliing the percentage shrink-
ege on gintering.

c. The rercentage shrinkasge in thickncss on sintering of the light
carbonyl nickel powders has shoun a steady decrease in the series of
powders which have been made available. BExpressed in terms of the ratio
of form or compact thickness to final plague thiclness, the shrinkage has
varied from 1.48 to 1.23. This approaches the figure reported in German
practice, although one German nickel powder showed an appreciably lower
shrinkags, J¥cr a given powder, such as Internstional Nickel Co's B
series, it appears that shrinkasge in thickness on sintering of compacts
Aecreases with increasing apparent density.

d. The B series of powders has the bulk, 92 to 95%, of its particles
in sizes smaller than 325 mesh (44 microns). The aggregate or effective
particle size and shape appears to be a function of treatment and eavir-
onment, carrying the work into a field where quantitative relationships
are complex and ill-defined at the moment.

wlime



3, Summary {Contd.)

e, Plagues of increessed area have been made by increasing prin-
cipally the height of the plaque originally designed for the FHSL 5086
battery, to permit an increase in capacity of the battery. The dimensions
hed been based on prior experience with pocket-type nickel cadmium alkaline
batteries.

f. Change from the two-plece to the three-piece form for sintering
compacts resulted in an spprecieble incrcase in the weight of the form
thereby necessitating a change in sintering conditions to produce plaques
of the desired thiclkness. Auxiliary physical tests such as hardness
or electrical resistance, particularly non~destructive testing, is desir-
able to permit exact comparison of plagues of different dimensions.

g, The eflfect of time of sintering at one mimute intervals from
3 to 15 minutes was studied for the two forms. The shrinkage curves were
parallel end 4id not reach a steady state within the time 1limit proscribed
for these tests.

h, Ixperiments with thin rclled and electroformed nickel sheet grids
indicate that satisfactory plaques of the required pqgesity and flatness
can be made by allowing a sufficient space for expansion of the grid
in the form cavity. This item apoears to be of importsance in the design
of grids without a re-enforcing heavy frame although oun the latter case
it is postulated that the failure to allow for expansion of the frame
during the sintering process may well be responsible for residual stress
wvhich exerts its effect in the subsequent electrochemical behaviour.,

i, IBExperiments with thin pre-sintered carbonyl nickel grids failed
in providing an improved degree of alhesion between the sintered powder
and the grid, The absence of any tendency for carbonyl nickel powder
to adhere to prepared surfaces is in marked contrast to experiences in
the decomposition of nickel carbonyl,

J. The origin of craclks in placues, madcbvident on sintering com-
pacts of carbonyl nickel powder, zre diccussed, The cracks are apparently
of 1ittle or no effect on the ultimate electrochemical characteristics
of the finished plates. '

Iz, o further work has been carried on with copper powders since
the accunulated evidence favors the poosibility that difficulties encount-~
ered in the Germen negative plates are & resuli of the use of copper in
the negative plates.

1, Impregnation of nlaques with cadmium nitrate solution to produce
negative plates has been shown to result in approximately the same loading
at atmospheric pressure as by the multiple vacuum procedure, The welight
gain in the first impregnation cycle by the atmogpheric procedure exceeds
the weight gain for a similar vacuum impregnation.

-~
-



3, Summary (Contd.)

m, For the normal solution conecentrations, increase in the temper~
asture at which atmospheric impregnation is made, decreases the weight
galn for both positive and negative plates.

n, The impregnation preccess is characterized by a recurrent cycle
of ges evolutbtion under the conditiens of atmospheric impregnation. This
phenomenon provably accounts for the variation in weight gain ss a function
of the irmersion period.

o. Impregnation of plagues with nickel nitrate solution to produce
positive plates at atmospheric pressure results in a higher weight gain
in a single cycle for periods of one hour or more than in the corresponding
vacuum treatment, The small irregular increase in weight gain with in-
creased time berond ore hour offers no advantage judging solely by
theoretical capacities., Multiple cycles of impregnation at atmospheric
pregssure result in theoretical capacities of the same order of magnitude
as obtained with multiple vacuum impregnations,

p. Mainterance of constant acidity during the impregnation process
at atmospheric pressure does not enhance the theoretvical capacity, and
ectually showed a elight decrezse over comparable tests 1n which the
initial acidity was allowed to change naturally.

¢, Vacuun impregnations for multiple cycles shows higher theoretical
capscities for the negative plates over positive plates, of the order of
magnitude of 2:1, On four cycles of impregnation. the pesitive plates
show that about 317 of tre pore volume cf the plaques is occupied by
active mass,

r, Multiple vacuum inpregnations of a series of plates sintered
for times varying from 5 to 15 minutes shoyved a constant theoretical
capacity based on pore volume, namely 1.27 groms of nickelous hydroxide
per cubic centimeter of pore volume,

g, Multiple vacuum imprognation of macroporous graphite plates with
pore diameters varying Srom 33 to 140 micrens showed an approximetely
constant gain per 1mpregnatlon for plates with pore diameters of 48
microns or over, The plate with a pore diameter of 33 microns shoved a
continual sharp decrease in theoretical cepacity in successive impreg-
nations. The net gain in theoretical capacity varied and was less than
with nickel plates. )

ol
(contd. on 6a)



3. Summary (Contd.)

t. Experiments were carried out using lithium hydroxide elactrclyte
for the cathedic polarization of both positive and negative plates,
There was no abnormal increase in weight showing the absence of =z direct
combination of lithium ion with the active masses.

u. Pore volumes calculated from the volume of active mass and the
moisture content after sach impregnation were found to be slightly lower
than the values calculated from messurenents of the placues. The dig-
crepancy may be due to the difference in density of the precipitated
mass from that of the crystalline kydroxides.

v. The testing of individual plates for electrical capacity is
discussed and the insnguration of a program for changing the testing pro-
cedure is shown to be in order. Variations in capacity found in a series
of tests of a given plate are noted in tests on cells made up of pocket
type positive and negative plates.

w. Positive plates impregnated in & single eycle in strong nickel
nitrate solution at elevated temperature and atmospheric pressure showed
capzcities close to the value reported for Durac pogsitive plates and gives
rige to the possibilities of developing = single step impregnation
procedurc,

x., Multiple atmecspheric impregnation of positive and negative
plaques at room temperature yilelds plates vhich show capacities at co-
efficients of utilization approximately the same as for plates preogared
by multinle vacuum imyregnation., The capscities found for the plates
prepared by muliinle atmospheric impregnaticns are slightly lower than
the plates prepared by multiple vacuum impregnations., The relationships
permit the evaluwation of impregnation processes on the basis of theo-
retical ceapacities,

e



ly, DISCUSSICN:

as Sintering

(1) Light Carbenyl Nickel Fowder. Carboryl nickel powders, prJ
duced by the thermal decomposition of gaseous nickel carbonyl and con-
sisting substantially of pure nickel metal, may be subdivided into
two classifications. These classifications have been conveniently re-
ferred to as heavy and 1light in deferepce to the determinations of the
apparent (bulk) density which has been the principal method of character-
ization of the powders. The heavy powders fall into a range of
densities from 2 to 2.5 and yield plagues, on sintering for 10 minutes
at 1500°F~1800°F, having a porosity of about 65% by volume. The light
powders fall into a range of densities from 0.5 to 1.1 and yield plagues,
sintered under conditions similar to the above-mentioned conditions,
having a porosity of 75 to 855 by volume. The inherent advantage in
welght saving by using the light powder is so great and so important that
work hes been concentrated on this type of powder.

The light powder for this program, except for several very small
samples, has originated in England and has until recently with the
receipt of a 1,000 1b. batch, consisted of smell shipments aggregating wp
to 15 los. but generally designated with batch numbers for each 5 lbs,
The light carbonyl powders which have Leen received to date have varied
in apparent density. This property has been determined for all of the
powders with a Scott Volumeter, an apparatus used for the determination
of the apparent density of pigments used in the paint industry (72).
This method yields an arbitrary but reproducible figure which is lower
then the apparent density of the powder in the form, calculated from the
weight of powder, volume of the form, and corrected for the volume and
weight of the grid. The ratio of these two apparent densities is found
to be frem 1.3 to l.45. The data have been asgembled in Table No. 1.

The variation in the apparent densities of the light cerbonyl
povders which have been described in Table No. 1 does not reflect any
easily detected difference in the capability for sintering. From all
superficial appearances, the plagues produced are entirely satisfactory
and possess a porosity from 75 to 85%, depending majnly on the weight and
volume of the grid. The varlation, however, poses & problem for a
menufacturing proecess, when the various factors sre extrapolated to the
usual expected practice in American methods of mechanisation.
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4. Discussion: a. Sintering (Contd.)

Table No. 1

Light Carbonyl Nickel Powders
Description & Apparent Densities

Powder Descripiion Amount Apparent Density  Ratio
Yo. Received glece -
1bvs. Scott In
Volumeter Forms
P-10 I.G.Farben A.G. (Fort Monmouth) small 0.85 nd
P-12 Inco KIG~ AFA type small 0.59 0.82(1) 1.39
P-13 t XIG-2 u nd 0.87(1)
P~15 " KIG-3 3/L 0.62 0.88(1) 1.42
P-17 "OKIG-2 small 0.63 0.85(2) 1.35
P-19 ¥ KIG- AFA type 3 * 0.56 0.89(2) 1.35
P-21 T Bl ' 5 % (0.53 (0.71 1.34
tt LI ) 5 % ( (
P-21-1 * B3 5 ¥ 0.67 0.80 1.20
Pu2l~2 " B4 5 % 0.50 nd
" " B-7 5 % 0.48 nd
" " B-8 5% 0.48 nd
" " B-9 5 0.46 nd
P-21-3 " B-10 5 ® 0.64 0.89 1.39
P-22 I1.G.Farben A.G. (Carl Berg) 1932 small 0.92 nd
P-23~1 Inco B~85, representative of 1000 lbs. 0.79 nd
P-23~2 L Cut Sample 250# 0.78 1.06 1.36
hd LA Grad " u 0.88 nd
P-23-5 o " 1 " 0.88 "
P-23-6 ] 11 1] " i 0. 73 "
P-23-7 ] " L it " 0.70 1

Notes * All these samples screened through 200 mesh (dry)
(1) Table ¥o. 1, p. 10 Ref 7{(b)
(2) ® " " p.6 ¥ 7c)
(3) Values of apparent density by Scott Volumeter for P-19 and
P-21-2 (B-7) were checked to within 0.0l unit by two independent
laboratories.

“wn G



4, Discussion: a. Sintering (Contd.)

In the present studies, the procedure of making a compact, as pre-.
viously described in the Progress Reports, consists in filling a graphite
form with powder and a grid. The form consists of two or three graphite
parts, but in either case the thickness of the form is fixed. It has
also been shown that the use of a grid restricts the principal shrinkage
on sintering of the compact to the dimension of the thickness. The pro-~
duction of plaques from these various nickel powders hag shown a varia-
tion in the shrinkage in thickness. This is clearly illustrated by the
data of Tcble Wo. 25 the first five plates represent samples taken from
the 1000 1b. batch of powder while the other figures are representative
averages based on the data presented in Tables I-XIII. The values for
the shrinkage have been expressed in terms of the ratio, form thickness
to plate thickness, which is the desirable figure for design purposes.

A verlation in the shrinkage creates the problem of correcting for
this property in the handling of varidus lots of powder unless the
eventual powder menufacturing process can be controlled within the desired
limits. At the moment, the safe approach will be to assume that limits
of varigtion will be of the order of magnitude indicated in the table,
and to consider the possibilities by which the process can be brought.
within the tolerances reoguired for plates, with due consideration to their
final assembly into batteries. There are a number of simple methods,
such as shaping the plague before or after impregnation, adjustment of the
spacer piece of the mold for various powder characteristics, and blending
of relatively large batches on a laboratory-controlled schedule. ZEach
approach has its merits znd any final decision would be determined to a
large extent by considerations of cost.

It is apparent from the overall picture that the shrinkage in thick-
ness of the carbonyl nickel powder has been gradually diminishing for like
preparations and conditions, and has been approaching the value of 1.20
calculated from the data on German practice (Ref 7(d)). The Germans had
apparently succeeded in preparing powders of even lower shrinkage, judging
by the behaviour of sample P-22 (Table No. 2, VII) which represents a
powder given to Mr. C. Berg in 1932 by officials of the I. G. Farbenind 4.G.
The important problem now reduces to an evaluation of the property which
controls the shrinkage. The theory of powder metallurgy directs primary
attention to particle size, distribution of particle size, ultimate
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Table No.

2

Shrirkage in Thickness of Various Powders

Powder Nc.

Apparent Density

Scott

Volunmeter
P23~1 0.79
P23-2 0.88
P23-5 0.38
P23~6 0.73
P23~7" 0.70
P21 0.53
P2i-1. 0.67
P21-2 0.50
P22 0.92

gicC
Iin
Form

1.14
1.12
1l.12
0.99
0.94
0.71
0.80

Ratio
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Shrinkage
Ratio,
Form Thickness?

Placue Thickness

1.34
1.23
1.29
1.29
1.30

1 I

1.48
1.42
1.43
1.05
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particle shape, and cggregahe chape. Available information indicates that
the particle sise ronge measured by the accepted methods (sedimentation,
electron microscony, eta.) will be in the gubsieve sizes. That the bulk
of the light carbonyl nickel powders lies in this range is confirmed by
the screen analyseg of Table No. 3. In addition, several tests have shown
from 2.0 to 2.8% by welght of the total to be minus 200 plus 325 mesh, so
that from 92 to 95% of the powder can be considered as being minus 325
mesh in size.

It wouid appear to be self-evident that the range of properties to

be determined has passed to the realm of instrumental analysis, reguiring
research with devices beyond the rangs of the usual developmental depart-
ments. A» intenge exploration is highly desirable so that the fundamental
facts are clearly defined and thinking is properly oriented. Several
observations on the ~uzlitative behaviour of carbenyl nickel powder would
indicate that the extension of rssearch will involve some fundamental
studies, concerning which our present day science has not yet clearly de-
fined the active forces and their mode of action.

When nickel powder is moved and levelled gently in a form, it is
clear from the figurss in Table Wo. 1 that there is an increase in the
packing which appears to be about 35% greater than that attained in a
free fall. It is extremely difficult to visualize this efiect simply on
the bagis of a difference in the zrrangement of particles except for the
postulation of a tendency for the particles to bridge and arch on impact
from a free fall and the ready breaking-up of such bridges by even gentle
levelliing. If this is the case, the experimental procedure should be con-
centrated on the mechanics of packing and working powder into a compact.

It has also been observed that green compacts tend to form cracks
wnen the form is jarred in zuy manner. An irregular line of division
formg; this line may be mieroscopic in its breadth and barely visible
along lts length to the eye. There appears to be no satisfactory mechani~
cal means for repairing such an incipient crack vhich increases in width
on sintering and when such a crack has been suspected by the operabtor, it
has been found necessary to empty ani re-pack the form with powder to
eliminate the crack.

=11~



k. Discussiont a. Sinterings (Contd.)

Powder
No.

P21
P21-2
fi

"

n
P21-3
P23-2

Toble No. 3

Screen Analyses of Light Carbonyl Nickel Powder

Description Secreen Analysis
Plus Minus 80 Minus
80 mesh Plus 200 200
Ind Ind Cum Ind
0.2 0.k 0.6 99.4
BL 0.13 0.9 1.0 99.0
B7 0.11 1.4 1.5 98.5
B8 0.15 1.1 1.2 98.8
B9 0.14 1.6 1.7 98.3
Cut Sample 0.30 1.1 1.4 98.6 -

100.0
100.0
100.0
100.0
1¢0.0
100.0
100.0
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On the other hand, these effects may also be inherent to the par-
ticular comblination of aggregate sizes and shapes, which are actually
produced in transferring the powder %o the form. In the case of the
present method of handling the powder, gas (residual carbon monoxide,
air) may be considered as the dispersing medium. The effect of adsorbed
films in the case of carbonyl nickel gowder has been demonstrated in the
range of temperature from 200° to 300°C (Ref. 7 e) but not at ordinary
temperatures, and no work is available to explain its role at ordinary
temperatures in processes such as compact assembly by methods similar to
the one in use., When carbonyl nickel powder is suspended in water, it
acts as a powder with a particle size much greaber- than has been estab-
lished by election photomicrographs, and to date no wetting agent has
beer. found which disperses {he aggregates and thus reduces the tendency
of Lhe picksl particles b0 form aggregates. Thus, the matter of the
actual particle size condition of carbonyl nickel powder becomes a matter
related to 1ts envircument and previous history.

This approach tv the problem has indicated to us that the normal
goal of research, instigating the establishment of basic knowledge and of
a cuantitative poiut of view must be supplemented by empirical experi-
mentation. The arena of factual data must be supplemented by further re~
lated observations, such as of the effect of the addition to carbonyl
nickel powder of substances of diverse particulate forms and sizes, and
of varying surface-active behaviour. Orienting experimenis of this nature
dre underway with interesting prospects, especially with regard to main-
taining a constant shrinkage and decreasing the weight of the plague in
terms of the ultimate ampere-hour capacity per unit volume while maintain-
ing a constant high porosity. It is believed that the indicated direction
of the work should ndt be determined as conclusive and worthy of presenta-
tion until the planues have been impregnated vith active mass and tested
for capacity and life.

(2) Routine Production of Plagues

For the study of the impregnation and electrolysis processes, the
assembly of batteries, and the testing of cells, it is desirable to have
plagues of reasonatly constant properties, including porosity. A large
number of plaques were made during the period covered by this report,
including the 10.5 sq. in. plagues made in the two piece form with a 3.6
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by 3.0 inch cavity, 1/8 or 1/4 inch deep, as described in the previous
reports. The data for these plagues are summarized in Tables I, II, and
vIi.

Our previous studies have indicated that there was a possibility
of increasing the size of the plate over the earlier projected size
without undue detrimental effects upon the life and general behaviour on
charging and discharging batteries assembled from the bigger plates. The
earlier size was based on the empirical design features incorporated into
the design of Nicad and Alcad cells representing design evaluated on
the basis of years of experience.

To rhack the effect of plate height and freeboard in the battery,
especially at high charging rates, three plate heights were selected
for study. 4 new three-piece graphite form was designed incorporating
top and bottom pieces and a center spacer thereby permitting the future
substitution of spacers in various thicknesses for the same top and
bottom pieces for various plate thicknesses. The faces of the top and
bottom pieces which were in contact with the powder and formed the top
and bottom sides of the form cavity were provided with projections for
the purpose of forming grooves in the plague. These grooves, in the
vertical direction of the plaque, were incorporated to hold the rod-like
separators in place in the assembly of a battery.

With this assembly, the bottom piece and the spacer plate, locked
into place by the close £it of the projecting rectangular boss on the
bottom piece, formed the cavity into which powder and grid were placed
in the usual manner. The cavity is deeper than required and filling is
accomplished to the desired level by means of calibrated scrapers. The
top piece is placed into position, dbringing about a slight compression
* of the powder at the positions of the vertical projections (forming the
grooves on sintering). To eliminate inequalities due to this procedure
and especially to eliminate 1n01p3ent cracking which was noted on sinter-
ing, the process of burning each form over after assembly of the compact
was adopted. This vractice has been found to provide grooves of the
desirable sharpness on both sides and to eliminate to a high degree, the
tendency for the formation of cracks in the plagues on sintering. In
conjunction with this step it was found desirable to level off the powder
on the top surface at the theoretical depth of powder provided in the
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design of the form. With thinner sections, the groove outlines tended to
be less sharp, and to broaden out. With thicker sections, there was an
increased localised compression which it is believed to lead to cracking
of plates and to create unequal stress distribution which could be a
factor in plate behaviour in the subsequent treatment and in use.

The plague sizes have been designated by the sizes FM-1, FM-2, and
FM-3 in the order of increasing area, namely 10.7, 12.5, and 14 sa. in.
The data are assembled in Tables VII, VIII, IX, and XII.

In connection with making these plates, it was found in the first
experiments that the plaque thicknesses, based on the previously estab-
lished shrinkage in thickness for the various powders and the two-plece
3.6 ¥ 3.0 inch form, were greater than the desired 11/64 inch (4.37mm).
The first reaction to this condition vas embodied in the fact that the
new three~-piece forms were heavier than the two-piece forms formerly in
use, thereby bringing about a lower final temperature in the same time
period than with the two-piece forms. The weights of the two~piece and
three-piece forms were 1155 and 1819 grams, respectively. Raising the
initial temperature of the furnace improved the end result but the heat
capacity of the furnace is insufficient to overcome the increase in weight
of the form, and the rate of recovery of the furmgce temperature is ap-
proximately fixed at a rate which is constant in the high temperature
range of the furnace. Due to a delay in obtaining a supply of one inch
graphite plates of suitable cuality, it was deemed expedient to increase
the time of sintering in the furnace.

In making the FM-3 plates, of which the greatest number were made,
it was found that after about thirty uses, the spacer showed signs of
wear around the upper portion due to the repeated rubbing with the brass
scrapers., To overcome this, a steel plate was made to fit over the
graphite spacer and this tendency for rapid wear has been overcome. At
the same time, the operators became aware of the need to avoid vigorous
brushing of the grephite forms in cleaning the form. The wearing of the
spacer was accompanied by the formation of cracks at the edges of the
plates.
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(3) Effect of time on sintering.

The experience in making the FM size of plaques, described above,
led to an investigation of the effect of time within a narrow range.
Table V, parts 1 to 4, summarizes the data for the S series, 10.5 sq. in.
plagues, in duplicate at sintering times at one minute intervals.from
3 %o 15 minutes. Table No. XI summarizes the data for the ¥M-3 series,
14 sg. in. plaques at sintering times from 5 to 15 minutes at one minute
intervals. '

The shrinkage curves, plotting percent shrinkage as a function of
time are represented by two approximately parallel curves with straight
sections in the middle portions. ZExtrapolation to zero sintering time
indicates that about one to two minutes are reguired for sintering the
S plaques whilde at least three minutes are necessary for the FM-3 plaques.
The values for the shrinkage of the S plagnes at the longer intervals are
extremely scattered, indicative of a secondary effect for times longer
than ten minutes. ’ '

The translation of the data for one size of plate to another will
renuire further physical characterization. The German practice included
a hardness determination on a special machine. Checks with the standard
Rockwell testing apparatus indicated that plaques sintered for different
times could be distinguished but that the dents were made by the adjust-
ing mechanism operating on only 6 Kg spring pressure. Other available
machines for hardness testing such as the Baby Brinell are being in-
vestigated. An attempt to use the 4.S.T.M. penetrometer also failed,
probably due to use of a needle as the penetrating medium.

In applying other physical tests vhich would be suitable for control
purposes, consideration must be given to the probable role of the grid in
determining characteristic values. This would be true in detverminations

f tensile strength, etc., as well as possibly in the determination of
magnetic properties or electrical resistance. The latter has been favored
in our considerations with a view to the development and evaluation of a
non~destructive test which would indicate conformation to a standardised
product. Such a goal is highly desirable in view of the general reports
on the reputed difficultie: encountered in German practice with sintered
plates. (Reference 74, 7f, 7g, 7h). The detailed description of their
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gintering technigue never fails to awe one in the possibilities in the
evident lack of reproducibility just in the sintering operation. It is
believed that the method of piling stacks of compacts with variations in
the use of magnesla or graphite plates could hardly lead to reproducible
and even sintering. This point is well illustrated by the difference in
behaviour shown by compacts of approximately the same size, as shown by
the comparison of the tables cited in this section as well as in a com-
parison of the FM-1 and S plates.

It has appeared to date from available information that the correct
degree of sintering is important and that positive plates made from
plagues which are too "soft" tend to crumble on use whereas those plates
vhich are too Yhard" tend to blister (Ref. 7(d), 7(f), 7(g), 7(h).
Occasional plates have been found to show blistering on test and in the
few cases in which this has been noted, it was found within the formation
cycle or immediately thereafter. Two or three plates, whose behaviour
indicated crumbling, vere sintered under the same conditions as many
others which showed no zdverse characteristics and it is believed that
the other conditions having to do with impregnating and formation pro-
cedure were the responsible factors.

The lack of definition in assessing the gualities of a satisfactory
plague for a given procedure of introducing active mass makes it impera=-
tive to evaluate the sintering process in the effect of time. Plagues
sintered under this closely similar condition are being saved for
qualifying tests and multiplicates are being impregnated and subjected
to capacity tests to determine behaviour under standard dattery condi-
tiong. -

(4) Perforated Plate Grids.

It was previously reported (Ref. 7 i) that grids of electroformed
sheet nickel, perforated or solid, were unsatisfactory, in contrast to
the behaviour of perforated rolied sheet, 0.021 inch in thickness. A4
series of grids with attached lugs having 3/8 inch perforations were
cut out of rolled sheet, "a' nickel, of 0.005, 0.010, and 0.015 inch
thickness, and of International Nickel Co. electroformed sheet, 0.005
inch in thickness. The results of tests using these grids are summarized
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in Table No. III. All of the plagques made were satisfactory, and ap~
peared to be as good as could be made by sintering.

\

1t was, therefore, decided to recheck the previous electroformed
egrids, having the one-half inch perforations. The size of the grid was
cut down to allow a clearance of 3/32 to 1/8 inch around all sides in
relation to the walls of the form. These plaques sintered as satisfac-
torily as those above. The reason for the change from unsatisfactory to
good plagues in this case appears %o be due to the increased allowance
for lateral expansion of the grid during the sintering process. The
previously estimated expansion of the grid, based on the known character-
istics of massive nickel metal, is clearly an insufficient allowance
for grid design. It is probable that restrictions are imposed by the
changes occurring in the nickel powder while expansion of the grid takes
place during the sintering process. Where the end allowance is insuf-
ficient, it appears that the stresses are too great for thin grids and
secondary effects are produced resulting in distortion and unsatisfactory
plates.

The attention to this characteristic of plague-making was suspected
during work with the wire cloth grids. Success in allowing ample space
between the grid and the retaining walls of the form led to the inclusion
of this feature in cutting the rolled and electroformed nickel sheet
grids. The soundness of this line of thought is amply illustrated dy
the plagues produced in this series of tests.

The German Durac plates were provided with a grid having a frame
retaining a 12 mesh screen of extremely fine wire. It would not be dif-
flcult to imagine that the frame of the grid was responsible for the
creation of irregularly distributed stresses in the plague which could
be responsible for difficulties in cell behaviour. Electrochemical
phenomena are commonly associated with stress phenomena in metals even
under ordinary conditions where the metal surface is relatively small and
would be accentuated to a high degree with the large area of the order
of 0.25 sq. meters per gram exhibited by sintered carbonyl nickel powder.
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{5) sintered Sheet as Grid.

One of the most surprising features of the work with carbonyl nickel
powder is the complete absence of any tendency to sinter to nickel metal
in the form of massive nickel metal, electroplated nickel metal, roughen~
ed or etched nickel surfaces, or freshly-reduced nickel oxide coatings
on metal (even when reduced under "nascent” conditions). This factor was
recognized in the German researches (Ref 7 j). It appears that an ad~
hesion of the powder to the grid would improve the strength chacteris-
tice, though at this stage of development and testing it is not to be
deduced with any degree of persuasion that such an adhesion would present
marked advantages.

It occurred to us that if the carbonyl nickel powder could be made
to adhere to any object it should be p0531b1e to make it adhere to its
closest relation, namely a sheet grid msle from carbonyl nickel powder,
Such orienting tests with solid and perforated sheet, .007 to 0.020 inch
thick, made from carbonyl nickel are summarized in Table No. IV. 1In no
case was the tendency for sauwcering characteristic of plagues made
vithout grids entirely absent and in no cese was there any appreciable
adhesion between the pre-~sintered grid and the nickel powder. The gin-
tered powder was readily separated from the grid. For the time deing,
this project will not be pursued any further.

(6) Cracks in Sintered Plagues.

From time to time it has been noted that cracks have zppeared in the
plagues in an irregular manner, with the possible excepiion of the condi-
tion that with the S series, 10.5 sg. in. plagues, the cracks inevitably
appeared in the upper face. These cracks do not appear to interfere with
the subsequent treatment of the plagques for the purpose of introducing
the active masses, nor in the performance of these plates in cells in
those cases vhere plaques cracked in the impregnation procegs have been
carried through to the testing stage. The principal objection to the
cracks, referring mainly to plagues about 4 mm in thickness for the
thinner 2 mm plagues seldom show cracks, would seem %o be in appearance,
8 factor vhich would only show up in dismantling a battery for inspection
or overhauling.
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In the course of our experience, a number of incidents have plainly
shown that cracks can be caused or produced by a number of unintended
operations. Those having to do with a shaking or jarring of the compact
may be caused in handling or transferring the form from the work bench
to the furnace, permitting a compact to stand in its form for an extended
period probably permitting the formation of incipient cracks by trans-
mitted vibrations, and bumping the form when moving it into the furnace,
such as on the roughened casting identification mark found on the hearth
of the furnace ledplate. Factors which have been noted to have bearlng
on crack formation as-a result of operations during the assembly of the
compact have to do with the use of improperly flattened grids, movement
of the grid after plocement especially with the levelling and spreading
scrapers, and unequal distribution of pressure on applying the tamping
tool,

It has been noted that wear of the graphite form tends to induce
cracks and this has been demonstrated conclusively by alternating a
worn form with a new form and obtaining an alternating pattern of a
perfect plaque and a plague with a choracteristic crack.

In the first tests on the sintering process, when compacts were
sintered for up to one hour, it had been noted that there were a larger
percentage of plaques with cracks after extended (compared to the 10
minute interval) sintering periods. These have no immediate interest
except that it may indicate that recrystallization processes may intensify
the enlargement of inciplent cracks which may only be detected in plaques
made in shorter periods, by microscopic examinations.
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L, DISCUSSION

b. Impresnation

(1) General Remarks. An extensive volume of information has been
amassed on the stbject of impregnating porous plagues with the desired
active masses of nickel and cadmium compounds. This inrormation is sum-
marized in Tebles XIV to XXXIV and is discussed in the following pages.
The interpretation of this data is as vet incomplete and the analysis
from various points of view is being continued with the idea of confirm-
ing the inferences suggested on inspection, of establishing -new relation~
ships, of yielding basic data for- the -engineering factors of design for
plant scale production, and of orienting research to tie ultimate
objectives of optimum battery characteristics and costs. It has been
necessary to fill in and extend geps, as well os to check and confirm
experimental results, without awaiting a final analysis, not only to
achieve progress and fuller understanding of the underlying processes,
but to permit a truer evalumbtion of the overall picture within the allot-
ment of time and money for this developmental project.

The introduction of active masses into porous plagues made of
carbonyl nickel powder has been studied from one aspect on the basis of
reproducing the German technique, as described particularly by military
representatives (Ref. 7(%)). The multiple cycles of impregnation,
cathodic polarisation, washing and drying have resulted in positive and
negative plates of somewhat higher cepacities than reported for the Iurac
plates, namely 0.133 4.4, per sq. in. per mm (Ref. 7(L)). Only one plate
has been studied withh a view to determining maximum possidle capacity,
which gppears to be nigher than supposed. In this phase of the investiga-
tion, it is a problem of balancing the specifications desired for dif-
ferent battery services against cost and the time reauired to evaluate
stability in service.

Sufficient data has been collected, and a sufficient number of plates
have been made and tested to warrant the statement that alkaline batteries
with sintered pesitive and negetive plates could be produced in auantity
in a suitably designed plant. This statement would be incomplete if the
opinion, baged on our experimental results, were not expressed that the
process of jmpregnation can be improved and simplified, especially with
the ultimate prospect of decreasing the expected manufacturing cost. This
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view has led to further examinctions of the fundamental chemical processes
involved in the impregnation procedure.

In deviating from the established technique of vacuum impregnations
with multiple cycles to other impregnation techniques, such as at atmos-
pheric pressure, there is encountered a sphere of undefined standards of
comparison, The vacuum technique had been adopted in German practice to
take advantage of the usual high efficiency of vacuum impregnation tech-
nigques in general (Ref. 7 (m)). Offhand, there is no apparent reason
why the life of a plate impregnated at atmospheric pressure should differ
from that of one prepared by a vacuum treatment, yet experience with all
types of alkaline batteries indicates a background of evidence of marked
variations in properties due to particular processes and there is hence a
very strong reluctance to use new procedures without prior and thorough
testing. In this case it is clear that only life cycles of testing of
plates in the form of assembled batteries can furnish the ultimate answer.
Vith such a time factor to consider, it 1s evident that this research

program must of necessity represent a compromise in its exten51on and its

intensive development.

(2) Impresnation of Negative Plates at Atmospheric Pressure.
The impregnation of plagues with cadmium nitrate solution and their sub-
seguent electrolytic polarization to precipitate in their pores the
water~insoluble cadmium hydroxide may properly be discussed here and
apart from the corresponding procedure used for the positive plate im-
pregnation. In the ftreatment of porous nickel plaques with cadmium
nitrate, nickel tends to dissolve in the cadmium nitrate solution as
evident for instance by the color change of the solution during the im-
pregnation of the plague. It has also been found that a solvent consist-
ing of ammonium hydroxide and ammonium chloride in water dissolves active
mass outy of the impregnated plates. The negetive active mass yields
soluble nickel whereas treatment of sintered nickel plaques (without
active mass) does not show soluble nickel (except under particular condie~
tions of concentration and temperature), The precipitated active mass
will, therefore, consist of cadmium hydroxide with smaller and varying
amounts of nickel hydroxide. This condition introduces a secondary
variable, namely specific ion cffects, which may change the reaction
mechanism for the two types of plates,
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In the preseant study, the principal variables introduced have been
plaque thickness, time, temperature and the cycles of treatment. Previous
studies (Ref 7n) indicated a marked gain in weight with increased time
of impregnation at room temperature. These results have been extended
for 2 and 4 mm. thick plates in experiments summarised in Tables XIV, XV,
and XVI. The gains in weight of the plates may be roughly divided into
two groups, namely for impregnation periods up to one hour and for periods
longer than one hour. Within each group there are however irregular
iricreases and decreases in the gains.

This feature of irregularity, which is also characteristic of the

positive plates impregnated with nickel nitrate solution, seéms to be éx— """

plained by a phenomenon observed in a special study, Plaques were per-
mitted to absorb solution by capillary sction, in such a manner that each
plague was above the solution and the action could be observed. There
appeared to be a recurrent cycle in the evolution of gas bubbles., The
interaction of the plague and the nitrate soclution produces gas which
collects as bubbles within the pores and which are not discharged till
sufficient pressure has been developed to overcome the retaining capillary
forces. The solution will obviously be displaced by the growing gas
bubbles and hence the plote will be loaded alternately to different de-
grees corresponding to the accumulation of gas, Thus the amount. of active
material which can be precipitated in the pores by the subsecuent polar-
ization process will depend on the particular extent of the gas accumula-
tion at the moment of removing the plate from the soclution,

- Jo consideration has yet been given to the effect of a variation
in the weight of the negatlve active material due to changes in the ratio
of cadmium to nickel in the precipitated hydroxides. This can only be
determined by analysis, a difficult problem since it is required to dif-
ferentiate hetween nickel metal and nickel hydroxide. Such analyses are
wndervay, as it 1s desired to determine the coefficient of utilisation of
the cadmium in the negative plates on the basis of analytically~determined
values. The error in assuming that the gain in weight is cadmium hydroxide
only, is probably small, since the gain in weight due to conversion of
nickel to hydroxide is balanced (and perhaps exceeded) by the loss of
nickel by the plagque to the impregnating solution,
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For convenience the results have been summarized in Table No. 4. A
single impregnation at atmospheric pressure and room temperature results
in the introduction of about as much active mass for impregnation periods
up to one hour as in a single vacuum impregnation. This amount of cadmium
hydroxide is of the same order of magnitude as calculated from the volume
of cadmium nitrate solution equal to the pore volume of the plague.

The increase in the amount of active mass introduced by the impreg-
nation in periods longer than one hour indicates an increase in the
cadmium concentration in the pores, either by the formation of soluble
"basic" cadmium nitrates or by the precipitation of insoluble basic
cadmium nitrate or hydroxide. In either case there can be an equaliza-
tion of the cadmium nitrate concentration by diffusion into the pores of
the plate from the ambient solution, The increase in weight beyond the
one hour period amounts to about 2/3 of the total gain for a double vacuum
impregnation of a 4 mm. plate and at least 0.8 to 0.9 for a 2 mm. plate.
This difference between the two plates probably has a distinct meaning in
terms of the mechanism of the process. The data permits the conclusion
that in the case of a single impregnation of a plaque with cadmium nitrate
solution to produce negative plates, an immersion period of .1 hour is
sufficient and no appreciable gain seems to be made in the extension of
the perisd to as long as 24 hours.

In the case of positive plates, elevation of temperature seemed to
be of some benefit, and it was decided to test this feature for the nega-
tive plate impregnation. The data, summarized in Table No. XXIII for
immersion periods of 1 to & hours shows a definite decrease in the gain
in weight, averaging about 3 to 4 grams per plate for the single imprege
nation. There does not appear to be any advantage in raising the temper-
ature for this process and there was no change in the physical appearance
of the plates. :

To check the behaviour on multiple impregnations, the plates were
recycled for a total of two or three impregnations, as summarized in Part 2
of Tables XIV and XV, but restricting the longest time to 1 hour except
for the 24 hr. plates, The plates which had been impregnated for shorter
periods of time were impregnated in the subsequent repeat cycles for the
same time as originally. For convenience of reference, the welght gains
are summarized in Table No. 5. ‘
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Table No., 4

Single Atmospheric Impregnation of Negative Plates

Gain in Weight as a Function of Time at Room Temperature

Time Total Gain in Weight, g (CA(0H)»)
Table XIV Table XV . Table XVI
2 mm. plates - 4 mm. plates 4 mm. plates
Brs - Min -
5 6.17 14,08
10 5.65 12,13
15 5.89 14.75
30 7.01 15.96
1 9. 64 19.81 19.20
2 9.39 18.66 19.67
3 9.78 18,74 19.22
4 17.98
) 17.31
6 10.72 19.25 19.02
ou 10,44 17.76
4g 8, Ul 18.72
For comparative purposes, the following gains on impregnation
are summarized for plaques of the same series as above (Table XXVI)
No. of Total Gain in Weight (g)
Impregnetions 2 mm. Plates 4 mm, Plates
1 5. 75 14,31
‘2 11.32 27.29
3 15.68 37.57
4 19.70 b6, 42
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Multiple Atmospheric Impregnation of Negative Plates

Gain in Welght as a Function of Time

‘See Tables XIV & XV, Part 2~ —- ——

Time Total Gain in Weight,.g, (Ca (0H)2) -
Hrs. - Min. 2 mm Plates 4 mm Plates
2 cycles 3 cycles 2 cycles 3 cycles
5 11.67 17.11 24,10 32.98
10 11.79 16.59 22,80 31.70
15 11.31 15.41 25.39 34.26
30 11.15 17.02 24,71 34.88
1 12.57 nd - 2b nd
24 13.65 nd 27.83 nd

*Average of 4 plates

(T T g gy i e
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The previous difference in grouping at the one hour line appears
to hold for the second impregnation for which comparative data are
available. There is, however, a marked difference in behaviour on the
second and third impregnations as the gain in weight shows a higher
rate of decrease than is evident for multiple vacuum impregnations.

For the 2 mm. plates, the initial higher gain in the first impregnation
permits an equalisation with vacuum impregnation, cycle for cycle,
whereas for the 4 mm, plates there ig a definite lag in weight gain in

___comparison with the resuits of a comparable number of vacuum impregnat-

ing cycles, ThHis is not a particular disadvantage so long as multiple
cycling is required to attain capacity since the gain in ampere-~hour
capacity on impregnation with active mass appears to be greater for
the negative plates than for the positive. The ultimate need will be
determined by the relative values of tne coefficients of utilisation
and of any desired excess in negative plate capacity over that of the
positive,

(3) Impresnetion of Positive Plates at Atmospheric Pressure.
Effect of Immersion Time,

Systematic results on the effect uf immersion time have previously
been presented (Ref. 7(o)) for 2 and 4 mm, plates at elevated tempera~
tures for nickel nitrate solution of usual concentration and for one
containing 95% by weight of nickel nitrate hexahydrate. The latter was
found to be very close to yielding the desired capacity in a single
impregnation of the 4 mm. plates but it appeared that extended periods,
of say 6 hours, caused the 2 mm. plates to buckle while immersed in the
nickel nitrate solution. It was desired to extend the experiments %o
room temperature to obtain an overall picture of the process.

For immersion periods of 1 to & hours, the gain in weight shows
a small irregulzr increase with time, and with varistions in accordance
with the discussion above, under the previous heading. The total in-
crease in welght on one impregnation approaches the value obtained on
two cycles of impregnation in a vacuum, thereby exceeding by an appre-
ciable amount the calculated gain in weight, 9.5 g Ni(OH),, which can
be derived from a volume of nickel nitrate solution egquivalent to the
plague pore volume. The data, summarized in detail in Table No. XX,
have been abstracted to show the final results in Table No. 8.

27w
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Table No. 6
Atmogpheric Impregnétion of Positive Plates

Effect of Time from 1 to & hrs. at Room Temperature.

4 mm. plates

Time Gajin in Weight
hrs.

1 13.40

2 13.69

3 14.68

L 13.07

6 15.38

Gain in weilght of like plates by vacuun impregnation.

No. of Gain in Wt.
Impregnations ‘ g (Wi(0H)p
1 8.46
2 15.98
3 22.84
L 27,25

o,
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The effects of extending the impregnation periods have also been
studied in wview of our early orienting experiments in which it was noted
that the crefficient of utilisation could be interpreted to mean that the
active mass precipitated consisted of nickelous oxide instead of nickelous
hydroxide. "he first set of experiments with plagues belonging to the
game serics as used above resulted in an irregular series with smell gains
for 24 hrs., and only approaching the results for the 1 to & hr. period
in 2 or 5 day periods. These results showed a greater irregularity than
in previous tests, which may have been due to lower temperatures for the
period of testing, (especially when standing overnight is included).

The experiments, summarized in Table XVIII, were repeated using plaques
made from the latest powder., These plaques, for vhich the experimental
data are summarized in Table No, ZXXI, showed a zain in weight in 24 and
48 hrs. equivalent to two cycles of vacuum impregnation, or slightly
higher than the previous results up to & hours of immersion. This gain
in weight is also of about twice the magnitude to be expected from the
nickel content of a volume of solution ecusl to the pore volume of the
Plagues.

(L) Impregnation of Positive Plates at Atmospheric Pressure,
Multinle Immregnations.

As a result of the studies with the negative plates, it was dscided
%o carry out multiple impregnations of positive plates for cne hour
periods. The experimental data with 2 and 4 mm. thick plates receiving
uw to four impregnations are suwmmarized in Tables No. XX and XXI. The
results on the gain in weight of the plaques are shovn in Tadble No. 7,
“including results of vacuum impregnotions of comporable plagues. The
data indicate that the multiple cycle vacuum type impregnation succeeds
in introducing 2 greater amount of active mass into the plagues but this
added amount can not be considered appreciable and could easily be
equivalent, depending on the exact value of the coefficient of utilization
found when tested electrically for capacity. It is of interest to note
again that impregnation aftver the first cycle favors the vacuum process,
indicating that welting characteristics of the plate are changed by the
introduction of active mass.

“2Gem
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L. Discussion: Yb. Impregnation (Contd.)

Table Nos 7

No. of Gain in Weight, g Ni(OH)2
Impregnation 2 mm. Plates 4 mm, Plates
Cycles Atmos. Vacuum Atnos. Vacuum
1 412 3.36 8.93 8.46
2 7.03 6.66 15.13 15.98
3 9.97 9.82 21.60 22.84
L 12.28 * 12.77 26.52 27.25

* Average of three.




L, Discussion: b. Impresnetion (Contd.)

The experiments described above appear 10 be highly favorable to
the possibilitlcg of the use of atmospheric impregnation.

(5) Impresnation of Positive Plates at Aitmospheric Pressure.
Nffect of Temperature.

0
Further data vas obtained by impregnating plaques at 120 ¥ as shown
in detail in Table No. XXII. There is a decrease in the weight gains in

. -comparison to the resalts at room temperature. The values are compared

in Table No. 8 with the velucs for gain in welght on imprégnatvion obtained
at other temperaturecs. No advantage appears to be gained unless test
results show an increase in the coefficlent of ubilization with increased
impregnation temperature. Such an increase, even at the previously deter-
mined figures would not counterbslance the lover values of the gain in
welght on impregnation at elevated temperatures,

(&) Impreanatiop of Positive Plates at_Atmospheric Pressure and

Constant ATIdILY.

To check the possibility thot impregnation over an exbended period
of time and at atmogpheric pressure - of long duration compared %o the
five minute vacuum impregnation - was being affected in some way by the
acldity of the solution, two sets of five plagues in each were impreg-
nated, the acidity being kept approximately constant. This was done by
the regulated addition of a strong nickel nitrate-nitric acid solution.
The experimental data are gummarized in Table No. 19. These plates
actually showed a lower weight gain over comparable plates in experiments
in vhich the acidity was permitted to chenge during the impregnation by
limiting the control to a single initial adjustment of the acidity. The
gain in weight showed an average value, under conditions of controlled
acidity, of about 25% less than undsr conditions of no control of acidlty
chenge during impregnation.

(7) Yacwm Impresnation.Routine Plate Production.

A total of 165 positive plates and 30 negative plates have been
impregnated by the multiple vacuum procedure and for the purpose of pro-
viding plates for test cells and batteries. The experimental data, in
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Table No. 8

L mm plates

Gain in Weight, g

Duration o o

of 68°F 120°F

Impregnation ‘Table Table
hrs. Vo, XVII No. XXII
' 1 13,40 11.80
' 2 13.69 112,69
3 14,68 12.32
L 13.07 11,71
5 14.83 10.77
6 15.38 10.95

. Atmospheric Impregnation of Positive Plates
Comparison at Various Temperatures

210°%F
Ref 7(o)
Table No. XX

10.74
11.98
13.46 *
nd
nd
12,98 *

Note (*) These values may be the result of an increase in concen-
tration of the nickel nitrate solution due to evaporation.
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4, Discussiont b. Impregnation (Contd.)

summary form, are given in Tables XXIV, XXV, XXVI, and XXVIII. The
data available will permit an exhaustive analysis of the vacuum impreg-
nation process. The necessary calculations however are incomplete at
this time s. that their presentation and complete discussion is poste
poned. The delay will permit a correlation with the results of tests
to determine electrical characteristics.

The higher rates of impregnation for the negative plates in com-
parison withk the positive plates i illustrated by the results. The
gains in weight on impregnation have been converted to theoretical
capacities in ampere~hours on the basie of the elesctrochemical conversion
of energy for the reactiond

2 Wi(0Hy «+, Cde = 2 Ni(0H); + Ca(0H)y

For a like number of vacuum impregnetions, with all condition$ constant
except for the solutions, which are the source of the active magses; the
accumulation of active mass by the negative plates is at about twice
the rate of accumulation of ective mass by the positive plate. This is
immediately evident from the data summsrized in Table No, 9.

(8) Vacuun Impregnation. Bffect of Sintering Time,

It has been indicated that the sintering time in preparing the
plaoues is of vital importance in the ultimate behaviour of a plate,
particularly the positive plate, in the alkaline battery. This subject
has been treated in the appropriate prior section of the Discussion.

The fupdamental importance of evaluating this factor from the standpoint
of battery life can not be overestimated and this series of experiments
is a start in its proper characterization.

Compacts of the FM-3 size were sintered for periods of from 5 to
15 minutes; the data for the plagues have been summarized in Table XI.
These plagues were impregnated by the vacuum precedure, keeping all cone
ditlions constant. The experimental data have been summarized in
Table No. X{VIiI.

Examination of the results shows a decrease in the weight gain
which 1s regular from the plaque sintered in the shortest time of

w3
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Plate

Description

Neg,
Pos

Neg,
Pos,
Neg,
Pos,
Neg,
Pos,
Yeg,
Pos,

W

HFES SO

nununahannnnnwm
3 =
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Table ¥No. 9

-3je

No. of Table
Impregnations No.
5 XXIV
Iy Xy
3 XXVI
3 "
L "
L n
3 1"
3 Ai
L "
I "

of Positive and Wegative Plates

Theoretical
Capacity-AH

21.59
10.88
5.80
2.75
7.08
3476
14,15
6.40
16.56
8.09

Theor. Capacity
AH/sq.in/mm.

0.339
0.171

ittt 1
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4. Discussion: b. Impregnation (Contd.)

5 minutes to the plague sintered in 15 minutes. This decrease corresponds
to a change in theoretical capacity from 16.0 A.H. to 12.6 A.H. However,
the plagues show a regular decrease in thickness which follows the same
course. The results have been calculated In terms of the unit weight
gains. Table XXVII shows the results in terms of grams gain per cubic
centimeter of pore volume, The average value is 1l.27 g per cc with a
maximum deviation of 0.05. The time of sintering has, therefore, not
wrought any changes in the plagues which have an effect upon the impreg-

nation-process,

If 1% is assumed that the density of nickelous hydroxide can be
taken at the value of the precipitated forms showing distinct -
deffraction patterns, namely 4.10 (Ref 7 p), the volume of the nickelous
hydroxide is 0.31 cc per cc of pore volume, so that 31% of the available
pore volume is filled on four impregnations.

All of the plates of this serlies of tests have been made wp into
test cells and their performance over an extended period will be observed.

(9) Yacuum Impresnation of Porous Graphite Plates.

An understanding of the impregnhation process will depend to a large
extent on the isolation and measurement of the effect of individual inde-
pendent variables. The elimination of the reaction between the nickel
metal of the plague and the solution seemed to be a desirable starting
point, particularly in view of the recognition of the function of the
evolved gas in changing the degree of impregnation with time. This line
of thinking led to the possibilities of porous graphite plates, which
are available commercially. It is recognized, however, that graphite is
not completely inactive in electrochemical reactions, especially in its
tendency to react with oxygen to form graphitic acids, often in the form
of surface compounds.

Porous graphite plates are available in various grades, having an
approximately constant effective porosity, but varying in pore diameter.
The plates used in this series of tests varied in pore diameter from 33
to 140 microns and had an effective porosity of 48%. Theee sizes fall
into the classification "macroporous", that is with thé bulk of their
pores with diameters greater than 5 microns (Ref. 7 q). The variation
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in pore diameter is of dlrect interest, especially with regard to estab-

lishing whether or not it would be desirable to expend effort in learning
how to control this factor if there proved to be an optimum distribution

for maximum plate capaclty.

The experiments were carried out in the usual manner, impregnating
for four cycles with nickel nitate solution. The experimental data are
shoun in Table No. XXX. The results show differences in behaviour, not
only in the first cycle of the impregnation, but in the overall picture.
The grade 60 plaque with a pore diameter of 33 microns showed & steady
end marked decrease in weight gain ou successive impregnations, whereas
all of the other grades showed a variation similar to that noted with
carbonyl nickel plaques, particularly in their tendency to show a sub-
stantial weight gain on the third cycle when the weight gains on the
first and second cycles were comparatively low.

The overall gain expressed in terms of the percent of the pore
volume occupied by the nickelous hydroxide varied from 18 to 27%, whereas
comparable results for nickel plates showed 31%. This may be the result
of the difference in wetting and penetration by the golution or to the
sbhsence of the resction occurring in nickel plagues between the sintered
metal and the solution. This line of experimentation will be continued
and extended, especially to the negative plate so that the possible
effect of nickel in the impregnation process will be eliminated. These
carbon plates will also be tested as cells for capacity and electro-
chemical behaviour.

(10) Cathodic Polarisation in Lithium Hydroxide.

Tnasmuch as it is lmown that relatively small amounts of lithium
jor, added to the electrolyte of alkaline cells,may have beneficial
effects on their capacity and life and since the mole of its action has
not been clearly defined, preliminary thought suggested the possibility
that this beneficilal effect could be incorporated by polarization of the
plates in lithium hydroxide solutions. Accordingly, a series of - 7 _
plaques vas subjected to.four impregnavion cycles, Aduring which each
polarization was carried out in lithium hydroxide golution. The experi=

_mental data are shown in Table No, XXIX:. All of the plates have been

3G
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made vwp into test cells. The veight gains are of the same order as found
in the usual procedure with polarization in potassium hydroxide solution,
thereby eliminating the possibility that the active masses tend to absord
or combine with appreciable amounts of lithium ion.

It was noted that the fumes produced in the lithium hydroxide polari-
zations are strong irrltants to the nose end throat so that suitable pre-
cautions should be applisd in using this reagent.

(11) Pore Volumes from Drying Data.

For the proper design of a drying unit, the amount of water to be
removed from the plates folleowing the washing step must e known. In the
course of determining the water content of typical plates for which the
data are shown In Tables No. XXXII and XZXIII, the figures were converted
to volumes and pore volumes calculated by adding to this value the volume
of the precipitated active mass. The pore volumes found in this way are
smaller than those calculated from the measurements of the plaques, but
are within 10 percent of these values. This could mean that the actual
densities of the precipitated hydroxides are layer than used, basing the
values on crystalline forms, bubt in any event the data show little loss
in available pore volume and it can be expected that the free space in
the impregnated plates will be filled with electrolyte in the cells.

This approach should be used in any detailed analysis of the role of
diffusion in the behaviour of the alkaline sintered plate battery.



b, DISOUSSION:

c. Testirng

(1) Gereral Remarks. The testing procedure which had been
adopted for determining tne electrical capacity of plates wag described
briefly in a previous rapgztdﬁRgf.llr)L_‘Iﬁs aim was to set up means

ey

for evaluating plate capacities in terms of the theoretical capecities
calculated from weight gains, which is equivalent to the determination
of the coefficients of utilization. The design of the test cells was
differert in some respects from the usual alkaline batteries. The
volume of electrolyte provided was groater and the free space in the cans
permitted an electrolyte circulatlon during charging and discharging
cycles. There was an absence of tension on the plate group except for
the rubberband or string with which the plate group was tied, and the
plate soparation was nct held rigidly bto the standard value of 0.03

inch generally used in alkaline batteries with the pocket type of plate.
The testing procedure did not conform to rigorous schedules of charging
and discharge cycles and rates. This state of affairs, for which no
apology 1s intended, was in part ascribable to the large number of plates
of differing capacities which were subjected to electrical testing,

end in part due to the pioneering aspect of the work. There is a gap

in background on which to extrapolate individual plate capacities to
ultimate performance in batteries, and it would be false economy in
plarning to expect like performance from the sintered plate in compari-
son to the pocket plate mercly on the basis of the expected higher co-
efficlonts of utilization of the active masses of the sintered plates.
It also anpears that testing shculd be predicated to a certain extent

on the ultimate specifications forwhich a battery is to be used., It

Is desirable to establish the relationship between plate testing results
end battery design. ‘

The most bothersome feature of the testing program has been
in the irregulerity of the capacities found for an irdividusl plate over
a consecutive number of charging and discharging cycles. This feature
is observed apparently whenever a detailed analysis is made of capacity
tests of elkeline batteries, whetner of the sintered plate type or of
the pocket type and bhas been noted in the work of other laboratories.
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The selection of an absolute value for the plate capacity becomes an
arbitrary procedure, within certain limits, under such conditiocns., In
any logical approach to this subject, it is necessary to scrutinize the
testing procedure in all its phases and conditions,

— A typical example of the possible effect of a testing condition
is illustrated by the introiuction of the variable, the interval of
time that the battery is on open circuit from the end of charging to the
start of discharging. The open circuit potential of an alkaline battery
falle on standing immediately after discharge, and although the capacity
less due to this change is small, its value is within the range of
capacity variation noted, The choice of & pericd o¢f starding during
testing will depend on the use to vhich a battery will be arplied. For
Diesel starting, the conditions would call for oanly a few minutes of
standing on open circuit; for a miner's lamp, the cholce would be dic-
tated by the practical considercticns of the charging schéedule and
delivery of the lamp to the user.

A different point of view makes it conceivable that the variation
in cepacity on repeeted c¢yciing is a function of the plate structure.
Considering thke active mass cf a positive plate, chargirg changes
nickelous hydroxile to nickelic hydroxide while discharging reverses
the reaction. Little is known about the nature of the reaction from
the point of view of the behavior and changes of the individual hydrcxide
particles. The apparent reversibility cf the reactlion may well hide
changes in the sizes and aggregaticn of individual hydroxide particles.
If the reversibility were perfect, it might be expected that the co-
efficient of utilisation would always be near or at 100%, The lower
values, egpecially with multiple impregnaticns c¢f sintered plates, may
well permit a condition wvhereby the cycle of charging and discharging
opens and clcses new pores thereby changing the accessibility to electro-
chemical reaction, An insight into these processes may provide the cue
for new spproaches to the general problem of mekirg improvements in
hatteries,
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The suggested changes in testing procedure are being applied
in the progrem of determining plate capacities, It is not propesed to
discuss these chenges pricr to a more thorough study of the results,
There are still a number of arbitrary features, which. however, it is
.suspected will be an ever-present source of provocetion for further
excursions into the nature of the fundamental Taws governing secondary
batteries,

(2) Pocket Type Cells. Various combinations of pocket type
cells were made up, particularly with the types of pocket plates which
were used in combination with sintered plates for testing their cepacity.
The results are shown in summary form in Table No, XXXV. These cells
showed the typical variation in capacity on consecutive cycles of charging
and discharging, The average capacity of the cells exceeded the rated
capacity of the plate group witk the lower rating in all tests., Atten-
tion is called to the capacities well over the rated figures when the
negative plate is provided with a positive plate-group with ample excess
canacity. The combination cf a negative plate with a positive plate
group of twice the rated capecity gave cepacities of 150% of the rated
capacity of the negative plate,

Tests in which various anions, such as sulfate, chloride, and
carbonate were added to the electrolyte daid not show any specific effects
over 22 cycles of chargirg and discharging. The same feature had been
noted for the nitrate lon, as revorted in the Cuarterly Progress Report,
30 Sept. 1947, Table XXVI, page 53. This ion would be expected as a
possible contaminant of sintered plate cells made up by impregnating
with nitrate sclutions, After 20 cycles, it was found by analyses of the
electrolyte that the nitrate had been eliminated from the electrolyte.
These tests indicate that up to the limits of concentration used ia the
cells, foreilgn anions will have little effect on the capacities deter—~
mined for the sintered plates. An examination of the cepacity data for
the cells with nitrate added to the electrolyte showed a diminishing
loss of capacity on standing on open circuit (usually over weekends).
This would indicate that nitrate ion will react with charged plates,
thereby reducing capacity and in this case, providing a means for its
elininetion from the electrolyte.

w)yOm
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(3) Effect of Sintering Time on the Capacitv of a Plate. It
was shown, in Table XVIII of the 30 Sept. 1947 Quarterly Progress
Report that sintering times longer than 15 minutes caused a decrease
in the theoretical capacity zsttained in three vacuum impregnations.

The average capacities show a steady decrease as a function of sintering

time; the testing data are vummarlyei in Table XXXIX, Up to a 20
mimute sintering period, the coefficient of utilization is 853, dropping
to.81% for the 25 and 30 minute sintering period, The 1attét periods
correspond to sintering times for which the shrinkage on sintering has

‘reached s steady value.

It is now recognized that sintering periods beyond 15 minutes
will not be of particular importance., However, the plates sintered up
to 30 minutes have not shown eny tendency toward disintegration or
particularly, of blisteringz, in varlance with the suggestions that "hard¥
plates produced with long sintering periods and by high temperatures are
characterized by such defective behaviour. These experiments would
indicate other causes. On the other hand, the total number of impreg-
nationg was limited to three cycles, which may suggest that there is a
llmltlng va'lue of the pore volume which may be occupied by the active
mass. It ig possible that a heavier 1oad1ng of these plates, such asg
by a ”ourth impreznation cycle, might bring about the repnrted biistering
efiect on utilization of the plates in batteries.

(4) Ppogitive Plates Impresnated at Atmospheric Pressure.
Single Impreenestions. Selected plates from the groups impregrated at
99°C in 50 and 60% niczel nitrate (C i(J03 ») solution were assembled
in test cells with pocket tyve negative plates. The data are shown
in summary form in Tebles Wo. XXXX ard XCXI. The testing results show
that pogitive plates may be impregnated in strong nickel nitrate solution
at 99°C in a single treatment at atmospheric pressure to yield canacities
approaching the values indicated for the performance of the Durac plates.
Considering the orienting nature of these experiments, it would be
declirzble to carry out further tests, though the process will apparently
be unsuitable for thin platee owing to the terdercy of the 2 mm plates
te buckle during immersion for periods longer than three hours, The
coefficients of utilization hed zbout an average value of 82%, indicating
agein that the relationship here is dependent upon the percentage
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occupancy of the pore volume by the active mass, This point has been
emohasized repeatedly, as there is a possibility that calculations based
on active mass to electrolyte proportions using the usual electrochemical
expreéssion of the reactions may put a meaning into the phenomenon.

A number of the plates were transferred to test cells having
increased negative plate capacity, with 1little change in the cepacities
found., This procedure, along with the information on testing pocket -
tyre negative plates, eliminated the possibility that insufficient nega-
tive capacity was used in this particular series of tests.

(5) Nesative Flates Impresnated at Atmospheric Pressure. Data
on the testing of negative plates impresznated in 2 and 3 cycles at
atmogpheric pregsure are shown in Teble Wo. XXXXIII for both 2 mm.
and 4 mm, plates. In order to providle sufficient positive plate capacity
in most of these tests, it has been necessary to use groups of four
positive pocket~tyme plates, so that each sinbtered negative plate was
surrounded on two sides by two pocket-plates, each of the same area.

The 2 mm. thick negative plates showed a coefficlent of utilization of
92% for two impregnations, while a thirl impregnation dropped the value
for the coefficient to 84%, This appears to be an effect similar to
that found in the pesitive plates on multiple impregnation or on attain-
ment of capacities approaching the figure for the Durac plates. The
capecity of the negative plates with three atmospheric impregnations

kas rezached a value of 0.24 A.H., per sq. in. per mm., exceeding the
corresponding value of the positive plates and confirming the higher
rate of impregnation of the negative plabtes as shown by the weight

gaing or thecretical capacities, Thig feature is the reverse of what
was expected on the basis of the descriptions of the manufecture of
Turac negative plates (Ref. 7K). It was stated that the negative plates
sometimes received five impregnations to insure the proper weight gain.,
It is conceivable that such a condition might have been due %o the
manufacturing procedure involving deleys in transferring the plaques
from the impregnating solution to the cathodic polarization process,

(6) Multirle Imnreenation of Positive Plates at Atmospheric
Pressure, Table Wo, XXYII summarizes cata on cells with positive
plates whieh had received four cycles of impregnation at room
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temperature and atmospheric prec¢ssure, and compared with control tests

on plaques from the same batch impregnated by the vacuum prccedure, The
tests show that the atmosp