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ABSTRACT

A parametric study of the process of electrochemical impreg-
nation performed on positive Ni-H2 electrodes 0.93 mm thick show-
ed that electrodes can be fabricated which are dimensionally
stable during the'cycling process and which exhibit energy capa-

cities similar to 100% chemically impregnated electrodes.

Comparable results are obtainea with Ni-Cd positive electrodes
0.79 mm thick. The electrodes can be fabricated in well defined
conditions and in a period of 2 to 3 hours at a temperature close
to the boiling point of liquid.

The present results show that the presence of alcohol is ne-
cessary for stabilizing the electrodes dimensionally.

A complementary study was performed to define the critical
impregnation factors (corrosion of the sintered support, role of
the interelectrode distance, bath wear, impregnation bath addi-
tive).

A surface-active agent was used as an alcohol substitue and
the first tests with this agent were performed at 80°C to fabri-
cate dimensionally stable electrodes exhibiting an energy capa-
city of about 90% of that of standard chemically impregnated
electrodes.

The overall results obtained in the laboratory, within the
framework of the contract, show the henefit of the electrochemi-
cal impregnation process.

It is now desirahle to fabricate an experimental impregnation
unit to test the impregnated electrodes in accumulators according
to the new process.
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THE DEFINITION OF THE PROCESS OF ELECTRO-
CHEMICAL IMPREGNATION OF THE NICKEL ELFCTRODES

P. Antoine

1. PURPOSE OF THE STUDY /1*

Analyses of the failure of Ni-Cd and Ni-H2 elements brought
to light a swelling of the positive electrodes which caused the
interelectrode distance to decrease and the separator to Adry,
thereby resulting in a high internal resistance.

Such results were observed on Ni-Cd VO 10 S accumulators (1)
for which the thickness of the positive electrodes increased by
about 15% following 600 cycles at 40° C (charged for 7 hours at
C/5, discharged for 1 hour at C/3) and 25% following 3,000 cycles
at 20°C and 60% DOD.

Analyses of the Ni-H2 elements within the framework of the
75/CNES** /520 contract showed that the swelling of positive
electrodes impregnated by 100% may reach 95% of the initial
thickness after 3,300 cycles of low orbit type cycles.

A study conducted under CNES contract (2) showed that the
electrochemical impregnation process corrected the swelling of
the positive electrode and therefore the progression of its
porous volume during cycling.

The purpose of the present study is to verify this property
of electrochemically impregnated electrodes and to determine
the electrochemical impregnation conditions wherehy electrodes
can be made at the same energy levels as the electrodes impreg-
nated by chemical process.

*Numbers in the margin indicate pagination in the original text.
**National Space Studies Center.



2. REFERENCE DOCUMENTS /2

~ESTEC Contract No. 3(G00/76/NL/HP (Sc)
-ECD technical specifications 2/Spec 31
-DT/SAS Report-61v/77-PA/IM

-DT/SAS Report -~ 45/78 PA/JM

3. BIBLIOGRAPHIC RESEARCH

3.1, Facts Observed In the Ni-Cd and Ni-H2 Accumulators

Analyses performed of failures of Ni-Cd elements established
a swelling of the positive electrodes causing compression of the
separator and its progressive dewatering (drainage).

The excess quantity of electrolyte is then absorbed by the
negative electrode as shown in figure 1.

In the case of the Ni-H2 elements, the phenomenon is similar.
However, accounting for the hydrophobic nature of the negative
electrode, part of the electrolyte initially contained in the
separator is absorbed by the positive electrode (figure 2).

Corrections of the separator's (2) drainage was studied under
CNES Contract 75/0590 and from this means were selected to limit
or suppress the swelling of the positive nickel electrodes during
cycling.

The results of this study established the following points:

-The positive nickel electrodes impregnated by chemical means swell
progressively during cycling (figure 3).

Swelling may be limited by improving the initial strength of
the sintered support (using a sintering of small porosity) or by
protecting the support using an oxide layer obtained by passiva-
tion treatment.
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Under-impregnation limits the swelling phenomenon, but does
not suppress it.

Conversely, with the electrochemical impregnation method,
electrodes exhibiting: a high dimensional stability can be made

(appencix 1).

Electrochemical Impregnation Tests

The first electrochemical impregnation tests were executed
within the framework of the study on the draining of the separator.

The method consists of forming nickel hydroxide by electrolysis
of a nickel nitrate soluticn in acidic medium, using ethanol as a
solvent.

The results obtained by SAFT are:

-Dimensional stability of electrodes during cycling (figure 3 -
appendix 1).
-Capacities close to standard electrodes impregnated chemically.
~Little corrosion of sintered support during electrochemical im-
pregnation.

3.3 Theoretical Aspect /4

-Advantage of the Method

Nickel hydroxide is the active substance of the positive
electrodes used in the alkaline accumulators (nickel-cadmium,
nickel-hydrogen, nickel-zinc).

The operating reaction commonly adopted is:

{1 (on)2 + 08 ;—°=' SNiOCH +HO+ .

GLEMSER and EINERHAND (4), FEITCKNETCHT (5), TUOMI (6) and BODE (7)
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established two distinct phases of hydroxides with a valence of
(11), i.e.:

a 3 Ni(OH)z, 2 H20 and 8 Ni(OH)2

The densities measured from the RX diagrams are 2.82 g/cm3
and 3.97 g/cm3 reppectively.

Hydroxide B 3rNi(OH)2. 252) is obtained by adding water to
the system.

The oxidation of hydroxides with a valence of (II) causes
the formation of higher hydroxides exhioiting different distinct
phases established by BODE in 1979 (7):

-Phase BNi OOH whose axis C is between 4.6 and 4.8 A or a
multiple.

-Phase aNi OOH possessing a C axis dilated by adc¢ing sodium
or potassium.

The hydroxide transformation diagram proposed by BODE (7), /5
then NESS (8) is the following:
Charge
= oo
o3 Ni(OH)z- 2 B0 pischarge §3,5¢/ca3
2,8¢/ca3 ;
conserva- Overcharge in concentrated
. . : KOH
tion in
concentra-
! —— B
Ni(0H) Discharge 4,60 g/cm3

B3p97 cm3 ! v -0;55|




Analyses performed by X-ray diffraction showed that the hydrox-
ide BNi(OH)2 is obtained by chemical impregnation, and that a small

quantity a3 Ni (OH)2 2H20 may come from the corrosion of the sint-
ered support.

The hydroxide a3 Ni(OH)z, 2H20 is obtained by electrochemical
impregnation according to PICKETT's and PUGLISI's method (2).

It therefore seems that the swelling is due to the structural
hydroxide transformations. 1In the case of chemical impregnation,
the initially impregnated hydroxide BNi (OH)2 (relative volume 1)
is converted into a thermodynamically stable hydroxide *Ni OOH
during the overcharge (relative volume 1.15). This results in an
increase in the volume occupied by the active substance causing

internal stresses whichare the cause of the swelling of the elec-
trodes.

In the case of electrochemical impregnation, the hydroxide

a3 Ni(OH)z, ZHZO formed during the impregnation exhibits the
smallest density.

The structural transformation can therefore not be the cause
of the swelling during a cycle. This results in a high dimen-
sional stability of the electrochemically impregnated eleéctrodes.

-Principle of the Method /6

Nickel hydroxide is formed by the electrolysis of a nickel
nitrate solution in acidic medium.

The sintered nickel plate constitutes the cell cathode.

The OH ions formed during nitrate ion reduction precipitate
the Nittions of the solution in the form of a nickel hydroxide.

The anode is made up of nickel or inert plates or of

¥illegible.
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The advantage of the soluble nickel .electrodes is to stab-
ilize the concentrations of the Nit* patn by oxidation of the
electrode.

According to BEAUCHAMP (9) PICKETT and PUGLISI (10), the
reactions to the electrodes are the following:

.At the cathode: 2 H,0 + 2 e + H,t + 20 H

Possible Reactions (Nitrate Reduction):

NO.- H.O + e - NO, + 2 OH

37 2 2

NO,- + H,0 + 2e + NO,- + 2 OH™

NO - + 2 HyO + 3e > NO + 4 OH™

NO,- + % H,0 + 4e »1/2 N,O + 5 OH™
NO,- + 3 H,0 + 5e + 1/2 N, + 6 OH™
NO;- + 5 H,O = 6e > N H,OH + 7 OH™
NO,- + 5 H,0 + 7e > 1/2 N.H, + 8 OH™
NO,- + 6 H)0 + 8e » HN, + OH™

.At the Anode: 2 H,0-+4 ut o+ O, + 4 e (inert anode)

2 2
Ni+Ni*t + 2e (soluble anode)

In the case of electrochemical impregnations using alcohol
as a solvent, the alcohol is oxidized into an acetate: other
Kolbe type secondary reactions may occur:

H,C - CH,OH H,C - CHO + 2H + 2e
(acetaldehyde)

H,C - CH,OH + H,0 * H,C - OOCH + aut + ge
(acetic acid)

*Tllegible.

/7



+
2OH + > H3C - 000 - CH2 - CH3 + 4h + 4de

- - * - - ’ ,
H3C CHZOH + H3C COOH H3 [eleTe) C2H5 + HZO

2H3C - CH

If we consider these equations, we see that for the passage
of an electron, the quantity of NO3 - consumed is always less
than 1. Conversely, 1 to 2 OH may be formed.

For the same quantity of current, 0.1 to 1 gas molecule may
be formed in the cavities of the sintered support. At 80°C (im-
pregnation temperature), the volume occupied by one millimole of
gas reaches 27 cm3.

H. SEIGER and C.J. PUFLISI (11l) showed the important role
which the gas formation in pores of the sintering could play.

The closed gas is most probably ammonia. KANDLER (12) and
HAUSLER (13) confirmed this hypothesis.

In this case, H. SEIGER and V.J. PUGLISI (ll) propose the
following process.

The nitrate reduction occurs according to the equation:

NO,- + (6 - X)H,0 + x H' + 8e - NHy + (9 - x) OH-

When pH - 6.4, the nickel hydroxide Ni(OH), precipitates.
When pH - 8.4, the reaction is considered quantitative to pH =
13.5, the partial pressure of NH3 reaches 1 atm.

The gas expels the liquid from the cavity. Then, when it
is again in contact with the acid solution, dissolution occurs:
+
NH3 + H -~ NH4+.
The vacuum thus created in the cavity causes a new solution
to enter.



If an impregnation solution containing 3 M/l Ni(NO3)2 is
used, the process indicated above will occur 7 times for it to
be filled with the required amount of active substance. NH3 is
formed when the used solution evacuates from the pores and when

hydroxide is not being produced.

3.4, Bibliographic Results

Numerous patents (15) to (35) describing the preparation of
nickel hydroxide in the various parametric conditions according
to the principle ofelectrolysis of a nickel nitrate solution.

The Most elaborate works known today are those of BEAUCHAMP
(9) and D.F. PICKETT H.N. SEIGER and C.J. PUGLISI (3), (10), (1l),

(14).

However, BEAUCHAMP's works essentially account for the nega-
tive electrochemical impregnation (Cd(OH)2 formation).

Two methods are proposed:

a. Method Using an Aqueous Solution:

The process is recommended by BEAUCHAMP (9).

The impregnation takes place using a nickel nitrate solution
wihtout adding alcohol to the impregnation bath.

The impregnation conditions described by D.F. PICKETT (10)

are:

nickel nitrate Ni(NO3)2 = 1.8 M/1
cobalt nitrate Co(N03)2 = 0.2 M/1
sodium nitrate NaNO2 = 0.5 M/1

initial pH = 4



The current densities applied are on the order of 40 to 80
mA/cm2 per electrode.

b. Method Using an Alcoholic Sclution (Denatured Alcohol)

The tests were carried out by D.F. FICKETT (3), (10), (11),
(14). The impregnation conditions described were:

nickel nitrate Ni(N03)2 1.8 M/1
cobalt nitrate Co(N03)2 = 0.2 M/1
denatured ethanol concentration = 50%
pH = 1,5 - 2

Bath temperature: = 80°C.

The current densities applied were on the order of 40 to
80 mA/cm2 per electrode.

/9

The results obtained (3), (10) establish the following points:

-The electrochemical impregnation with or without alcohol
makes it possible to prepare electrodes with an equivalent and
comparable filling concentration to that of a standard chemical
impregnation (hydrate weight - 1.9 to 2.2 g/cm3 vacuum).

-The dimensional stability of the 2 types of electrodes (11)

seems to be appreciably identical in the following test conditinns:

lst cycle: Charge 15 hours at C/10
Discharge at 1 A/dm2 for 2 hours.

6 cycles: Charge 2 hours at 1 A/dm2
Discharge 2 hours at 1 A/dm2

8 cycles (in cell): Charge 15 hours at 2 A/dm2
Discharge 15 hours at 2A/dm2




On the other hand, the dimensional cycling stability of
electrodes impregnated without alcohol does not seem to be
clearly demonstrated (10).

-The electrodes impregnated in an alcoholic solution pre-
sent a th._ckness increase during the impregnation at the end of
the filling (3). It would actually seem that a maximum filling
concentration exists above which the swelling probability in-
creases.

-An increase in the initial porosity of the sintered support
improves the quantity of the impregnated hydroxide and the energy

capacity of the electrodes.

3.5. Guielines For the Experimental Study

The purpose of the present study is to optimize the method
of electrochemical impregnation and to establish the definition
of a pilot electrochemical impregnation unit.

We will therefore define the conditions for making Ni-Cd
and Ni-H2 type Nickel electrodes with dimensional stability during
cycling and whose energy characteristics are close to the standard
chemically impregnated electrodes.

The parameters defining the fabrication of such electrodes /10
are of 2 types:

a. Nature of the Sintering:

~-thickness
-porosity
-preliminary treatment.
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b. Impregnation Conditions:

-concentration of the impregnation bath,
-temperature of the impregnation bath,

-bath acidity,

-presence of additives in the bath (alcohol, cobalt),
-current density,

-electrolysis time.

c. Nature of the Sintering:

-Thickness:

An increase in the initial thickness of the sintering can
make it more difficult to obtain the correct active substance
filling due to the.obturation of the pores and precipitation of
the hydroxide on the surface, particularly when the electrolysis
occurs with a high current density.

The parametric study of the impregnation is conducted on thick
Ni-H2 type electrodes (0.92 mm thick).

-Porosity:

A high porosity of the sintered support is equivalent to a
larger vacuum volume, i.e. to a larger volume available for the
hydroxide precipitation.

The electrode £illing concentration should therefore be im-
proved. However, the firmness of a support with high porosity is
mediocre and the destruction.of the support under the effect of in-
ternal stresses is that much easier. The dimensional stability
of such a support during the electrical tests is guaranteed by
the process.

The impregnation tests are executed with sintered supports of
high porosity.
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d. Impregnation Conditions - Concentration of the Impregnation /1l
Bath

A modification of the nickel concentration in the bath may
have an influence on the ¢rystallite formation and kinetics
ics and may therefore change the rate of diffusion of nick-
el and of the concentration gradient in the sintering.

2 concentratior. levels were tested during the study:

-Temperature of the Impregnhation Bath:

The bath temperature is a factor whose influence must be
similar to that of the bath concentration.

In order to improve ion diffusion, the tests are carried
out at a temperature similar to boiling point of the bath.

An impregnation test is carried out at a lower temperature.

-Bath Acidity:

The H' ions duffuse more rapdily than the Ni** ions. For
high acid concentrations in the bath, the H+ ions can decrease
the efficiency of the treatment in terms of the equation for
nickel hydroxide formation.

NO.- +(6 - x) HO + x H 4+ 8e + NH, + (9 - x) OH™

3 2 3

For the passage of an electron, we have:

9 - x ,++ (9-x)

- 9-x
16 Ni + OH + ==

8 Tg Ni(OH),

An increase in the H' quantity in the bath should therefore de-
celerate the rate of hydroxide precipitation and possibly modify
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morphology of the deposit.

The tests are performed for two acid concentrations in the
bath.

-Presence of Additives In the Bath: /12

.Cobalt:

Cobalt improves the chargeability of the positive nickel
electrodes by increasing the overvoltage with oxygen. It is
usually present in 5% concentrations in chemically impregnated
electrodes.

During the impregnation tests, the amount of cobalt syn-
crystallizing with nickel in the electrode will be determined as
a function ofthe initial cobalt concentration in the bat and the
bath acidity.

We will aslo try to make electordes whose cobalt concentra-
tions with respect to the amount of active substance will be about

5%.

.Surface~Active

Additives having the property of decreasing the surface
tension of the bath may have an effect on the ion diffusion rate
awd may thus increase the amount of hydroxide impregnated by a
more uniform filling of the electrode.

Ethanol may have a similar effect. Impregnation tests will
be performed with different alcohol concentrations.

Other surface-active agents will be tested.

13



~Current Density

Current density is the factor which has a direct influence
on the OH  ion concentration at the level of the pores of the
sintering and influences the type of seeds formed, i.e. the type
of deposition of the nickel hydroxide.

Moreover, a too high current density may favor a surface de-
posit and the obstruction of the pores limiting the filling con-
centration.

3 current densities, compatible with the manufacturing pro-
cedure and selected according to the bibliographic results, were

tested.

-Electrolysis Time

The electrolysis time conditions the filling concentration
of nickel hydroxide and therefore the electrode capacity.

At the beginning of impregnation, the amount of impregnated
hydroxide for a given current density and for given impregnation
conditions is proportional to the impregnation time, it then
stabilizes and no longer changes when there is a surface deposi-
tion.

For each current density, three electrolysis phases will be
used. These phases will make it possible to determine the max-

imum amount of hydroxicde formed in the defined impregnation condi-

tions.

4., EXPERIMENTAL STUDY
4.1. Experimental Conditions

The experimental study was performed in accordance with the

14
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manufacturing and control diagram shown in appendix 3.

4.1.1. Preparation of the Sintered Support

The sintered support is fabricated by coating a nickel powder
paste suspended in carboxymethylcellulose gel over a perforated
ribbon.

After the binding agent decomposes at high temperatures in
the presence of air, the sintering occurs at about 1,000°C under
reducing atmosphere.

.Controls:

-Real Porosoity:

The porosity of the plates used for electrochemical impreg-
nation is about 85%.

This percentage expresses the ratio of the vacuum volume to
the apparent volume of the sintered nickel:

Thickness in 10 2mm of sintered strip

Thickness in 10 2mm of perforated nickel-coated ribbon
Mass in grams of 10 cm2 sintered strip sample :

g 2 0o m
i

Mass in grams of the perforated nickel-coated ribbhon sample
(10 cm2).

e

11.2 = 100/real density of nickel g

% Porosity = 100 (1 - 11.2 3—10

-Accessible Porosity:

It expresses the accessible vacuum volume per unit of sint-
ered mass.
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It is determined by the water mass absorbable by the sint-

ering.

-Firmness of the Sintering:

This measurement consists of using a penetrometer to deter-
mine the force required to perforate the sintered nickel with a
determined needle.

~Thickness: /14

The thicknesses are measured on 4 points using a contact
surface palmer equal to 0.5 cm2.

-Weight:
The sintered strips are weight to :the nearest 1 mg.

4.1.2. Treatment of the Sintered Surface

Treatment of the sintering prior to impregnation is achieved
with sinterings which have undergone a preliminary surface treat-

ment.

4.1.3 Impregnation

The equipment consists of an electrolysis circuit described
by appendix 4.

The photographies of appendices 5 and 6 represent the impreg-
nation installation and the electrode support used.

4.1.3.1. Cell Composition

55 liter tank.
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-Cathode: sintered plates (Su = 0,58 dm2) situated half-way
between the 2 counter-electrodes.

-2 soluble, pure nickel counter-electrodes
-Electrode/counter-electrode distance = 19 mm
~Teflcen electrode support.

Agitation: thermomix pump flow rate: 13 1/mn.

4.1.3.2. Impregnation Conditions

The impregnation conditions are defined by the test grid
of appendix 7.

-Nature of the sintered support

Sintered type Ni-H2 of high porosity.
-Thickness: 0.91 ¢ 0.03 mm

-Porosity: 86%

-Surface treatment: reduction.

-Bath concentration

2 concentrations are tested:
2 moles/1 Ni(NO3)2 + Co(N03)2 including 0.1 mole/1 Co(N03)2
3 moles/1 Ni(N)3)2 + Co(NO3)2 including 0.1 mole/l Co(N)3)2

Bath temperature: 98°C - 84°C - 80°C - 50°C.

-Alcohol Concentration: 0 - 20 - 50 - 70%

The alcohol concentration irdicates the percentage of alcohol
with respect to the volume of nickel nitrate solvent.

-pH (indication of the calomel electrode)
2 pH zones:

17
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pH 1.5 to 2
pH 3 to 3.5

Current density: 50 - 75 - 95 nA/cm2
Amount of current: 540 - 630 - 720 ¢/cm2

.Controls during impregnation:

-Ni and Co concentration:

The concentration is dosed by atomic absorption spectrophoto-
metry.

-Alcohol Content:

Two measurements are used to control the alcohol concentra-
tion in the bath:

Density:
The calibration curve of the bath's density as a function
of the alcohol conc:ntration is given in appendix 10 for an

Ni(NO3)2+Co(N03)2 = 2 M/1 concentration.

Surface Tension

Ethanol reduces the surface tension of the bath (appendix 9).

The surface :ension is quickly measured using a DUCLAUX drop-
per or stalagmomete:r.

The measuremert consists of determining the number of drops
produced at 20°C to permit the flow of a given volume of solution.
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The Surface Tension of the Liquid: T = To D. g

T = Surface tensionof liquid at 20°C (in dynes/cm)

To = Surface tension of water at 20°C = 72.7 dyn/cm

D = Density of analyzed solution

N = number of water droplets produced at 20°C

n = number of solution drops produced and analyzed at 20°C.

The calibration curve of thenumber of drops produced using
the DUCLAUX dropper for a solution containing various alcohol

concentrations is given in appendix 10.

-Bath Temperature:

The required temperature is regulated to the nearest *0.5°C.

-Bath Acidity

The bath's acidity is controlled continuously to a pH meter
using a calomel electrode.

The quantity of acid to be poured into the initial nitrate
solution used for impregnation in order to obtain the same "pH"
indication is appreciably identical in an agueous and alcohol
solution, i.e.:

3 H+ to reach pH 3-3.5
approximately 0.5 H to reach pH 1.5-2

approximately 5.10

The "pH" is controlled to the nearest *0.3 unit.

-Current Density:

1t is established with respect to the apparent sintering
surface to be impregnated.
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The current intensity is read to the nearest 1%,

~Electrolysis Time:

The time is controlled using a chronometer. The error range
for the impregnation time is #3 mn.

-Potentials:

The potential of the sintered support is recorded with
respect to a platinum electrode during the impregnation.

-Bath Volume

A steady control makes it possible to maintain the bath
volume constant to the nearest 1%.

4.1.4. Electrochemical Cleaning /17

The electrochemically impregnated plates are cleaned in the
following manner:

-Electrode: impregnated plate
-Counter-electrode: negative cadmium
~-Separator: miovyl

~Electrolyte: KOH 30%

Charge: 1 h at 6 A/dm2

Discharge at 1.5 A/dm2 up to OV/Hg-FgO

After cleaning, the plates are washed and rinsed in permuted

water, then dried under nitrogen and preserved in an air-free
environment.
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-Controls Performed After Electrochemical Cleaning

-Weighings
-Thicknesses.

On a few specimens:
-Quantity of impregnated hydroxide
-Quantity of corroded nickel
-Cobalt concentration.

These analyses are performed by dissolution of the hydroxide
in an acetic buffer, then dosage of Ni and Co in solution.

The weight of the residual support makes it possible to
determine the corrosion of the sintering during impregnation.

4.1.5. Cycle Testing

After electrochemical cleaning, the plates undergo 4 growth
(formation) cycle in the following manner:

-electrode: impregnated plate (0.58 dm2)
—-separator: myovil
-electrolyte: KOH (d = 1.306).

Formation:

lst cycle: Charge: 15 hours at C/5 (C = 4.5 Ah)
Discharge at C/2 - Suspension at 0 V/Hg-Hgo

2nd Cycle: Charge 6 hours at C/2
Discharge at C/2 - Suspension at 0 V/Hg-Hgo

3rd cycle: Charge 4 hours at C/2
Discharge at C/2 - Suspension at 0 V/Hg-Hgo
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Controls Performed During Growth /18

The capacity restored by each electrode is determined for
each growth cycle.

After the 4th cycle, the following controls are performed:
-Appearance

=Thickness

-Capacities.

Cycling:

For certain electrodes, elements of approximately 3 Ah
are formed with noncompacted plate clusters.

Cycling Characteristics:

-Excess negative capacities,
-Separator: miovyl
~KOH electrolyte (d - 1.306).

Duration: 20 cyclces minimum
Charge: 6 hours at C/5
Discharge: 2 hours at C/2 or suspension at 1 V/element.

Control: - thicknesses after cycling
- capacities

- appearance.

4.2. Experimental Results

The test series was performed with Ni-H2 type electrodes
(thickness = 0.91 + 0.03 mm).

In order to make an accurate comparison with chemical impreg-
nation, Ni-H2 type 100% chemically impregnated electrodes (Hydrate
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= 14.5 *+ 1.5 g/dm2) and current standard underimpregnated
electrodes (Hydrate = 10.9 *+ 1.5 g/dm2) were subjected to
electrical tests under ths same conditions.

The electrochemical impregnation conditions required for
reaching the defined objective being defined, a batch of 100
Ni-H2 electrodes was prepared to determine the discrepancy of
the method. These electrodes were formed according to specifica-
tion 340 115. Their energy characteristics were compared with
the results of earlier fabrications of positive electrodes for
Ni-H2 space elements.

Characteristics of the Sinterings Used /19

4 types of sintering were fabricated (Tables 1 and 10).

2 standard sinterings for the chemical dimpregnation of the
electrodes used in the Ni-H2 and Ni-Cd elements.

2 high porosity sinterings for the electrochemical impreg-
nation of electrodes for Ni-H2 and Ni-Cd elements.

These established characteristics characterize the vacuum
volume which is accessible and capable of being filled with an
active substance.

Appendix 12 shows the structure of the Ni-H, type high

2
porosity type sintering observed in a scanning microscope.

Characteristics of the Impregnated Electrodes

The characteristics of the chemically impregnated electrodes
used as reference are shown in table 2.

The characteristics of the electrodes electrochemically
impregnated in compliance with the test grid of appendix 7 are
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shown in tables 3 to 6.

Appendix 13 shows the structure of the Ni-H2 type sinter-
ing after electrochemical impregnation as observed in a scanning
microscope.

The electrochemical impregnation method is defined as a
function of 4 essential parameters:

-Filling

-Capacities (formation, cycling)
-Hydrate yield

-Electrode swelling.

4.2.1. Filling of the Electrodes

The filling curves, expressing the weight variation during
impregnation, are transcribed on figures 5.

At the beginning of impregnation, the filling is achieved
propor tionally to the electrolysis time (figure 5.6.), then stab-
ilizes progressively to reach a maximum value when the quantity
of current is approximately 600 C/cm2 per impregnated plate.

This value varies with the impregnation conditions (figures
5) shown on the next page.

-Influence of the Alcohol Concentration

Tests were conducted at temperatrues close the the boiling
point for a water-alcohol mixture (appendix 8).

In an alcoholic solution, one sees (figures 11 and 12) a de-

crease in the filling capabilities when the alcohol concentration
increases between 50 and 70%. This phenomenon is probably due to
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- Current

- _ Density
- _(mA/cm2)
Impreghation @ = = = = -
. - Conditions _ _ _ _ _ _ _ _ ___._._._..- -
Alcohol Conc. 0% - 98°C - Ni+Co=2M/1 pH-1.5-2 14 12 14
" " 20% - "84°Cc - " =" " 11.5 11 10
" " 50% - "80°C - " " " 13 12 11
(1] [ 50% - "50°C - " " " > 9 10 lo
” " 70% - "80°C - " ”" (1] ll ll ll
" " 50% - "80°C - " 3M/1 " 11.5 11.5 11.5
" " 50% - 80°Cc - " 2M/1 3-3.5 11.5 8.5 ‘8.5

the large increase in the bath viscosity thus limiting diffusion
and promoting hydroxide deposition on the surface.

For concentrations varying from 20 to 50% alcohol, the gquantities
of impregnated hydrate are appreciably identical to the various
current densities at impregnation temperatures close to the boiling
point (figures 52 and 53).

In an agqueous solution, the given hydroxide quantities are greater

than the quantities obtained in an alcoholic solution, and this is
probably partially due to the large corrosion on the sintered sup-
port (table 3).

-"pH" Influence

The tests performed in an alcoholic solution (50% ethanol) for
2 "pH" zones; "pH" 1.5-2 and "pH" 3-3.5 showing a decrease in the
filling concentration on the order of 10 to 15% when the "pH" is
within 'the zone 3-3.5 (figures 53 and 57).

This phenomenon is probably due to a decrease i.. the corrosion
on the sintered support when the acidity of the solution is lower
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(table 3) and to a more rapid surface deposition causing an
obturation of tle pores of the sintering.

-Temperature Influence /21

When the bath temperature is low with respect to the boil-
ing point, there is a decrease in the filling and this is probab-
ly due to the fact that the diffusion phenomena are limited.

The filling at low current density (50 mA/cm2) t. 2refore
seems extremely slow (figures 53 and 54).

-Influence of the Ni-Co Concentration in the Bath

The tests were performed for 2 different concentrations
Ni+Co = 7 Moles/1 and 3 Moles/l.

It seems that the maximal filling rate is not af-
fected by a variation in the salt concentration of the bath (fig-
ures 53 and 56).

However, the filling seems to be slower for low current den-
sities (50 mA/cm2 when the Wi + Co concentration in the bath is

low.

This observation seems to correlate well with the diffusion
limitation phenomenon.

~Inflvcace of the Current Density

The trend is a relatively large improvement in the filling
rate when the current density decreases. This improvement is
about 10% when the current density decreases from 95 to 75 mA/cn2
(figure 11).

In all cases, the maximum filling is obtained when the quantity
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of current reaches about 600 c/cm2 per plate.

The end of filling is indicated by an abrupt variation in
the potential of the plate measured with respect to an electrode
Pt (figures 51 to 54). We may therefore consider the absence of

L2+, N
Ni ions in the support.

A surface deposit then occurs and dissolves again on con-
tact with the acid solution each time it forms.

The residual surface deposit, visible at the end of impreg-
nation detaches during the electrochemical cleaning.

The end of filling signal is visible for high current densi-
ties and is virtually nonexistent when the current density is low,

i.e. 50 mA/cm2 (figures 51 to 54).

4,2.2. Electrode Capacities (Formation - Cycling)

The Ni-H2 type electrode capacities are compared to the stand-
ard chemically underimpregnated and chemically 100% impregnated
electrodes (Table 2).

The capacities of electrochemically impregnated electrodes
in various impregnation conditions are presented in tables 4.

The variation of the capacities during formation is trans-
cribed in figures 7.

In the case of chemically impregnated electrodes, the capa-
city increase is progressive: about 19% afte. the 4 formation
cycles.

In the electrochemically impregnated electrodes, the capacity
increase is relatively large between the lst and the 2nd cycle.

It may reach 10%, then stabilize during the next cycles (figure 1l6).
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A capacity loss can sometimes be noted between the first
cycle and the 2nd cycle. This fact might be due to a loss of
the active surface substance. This observation is made on several
impregnated electrodes in a bath of high alcohol concentration,
i.e. 70% (figure 7.5) and in a bath with a high Hi + Co concentra-
tion (figure 7.6).

The influence of the impregnation parameters on the capaci-
ites seems to be very similar to the influence on the filling of
the elegctrodes (figures 6):

Maximum Capacities Obtained (Ah/dm2)

- - Currentt 50 75 o5
. - Density

Conaitions. _ _ . .- _ . "MemD)_

Alcolol content 0% - 98°C - Ni+Co=2M/1 - pH 1.5-2 4.3 4.0 4.4
" " 20% - €4°c - " " .o 4.2 4,1 3.5
" " 508 - 80°C - " " "o. 4.2 3.8 3.7
" " 50% - 50 - " " " 2.3 3.5 3.2
" " 708 - 80°C - " " "o 3.5 3.3 3.3
" " 508 - 80°C- " 31 “o" 4.1 3.6 3.4
" " 508 - 80°C-~- " /1 " 3.3-5 4.1 3.5 2.5

-Influence of the Alcohol Content /23

.In an alcoholic solution, we observe a definite decrease

in the capacities of the impregnated plates in a highly alcoholic
medium (70% ethanol - figure 12). This observation is especially
true when the electrodes were impregnated with the lowest current
densities.

For lower alcohol contents (20% to 50%), the specific capacities
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are appreciably similar and appreciably reach the capacities
of 100% chemically impregnated plates (figures 6.2- 6.3.-6.7.).

.In an aqueous solution, the capacities obtained may be 5
to 10% greater than the capacities of the 100% chemically impeqg-
nated electrodes (figure 6.1.). This property is due to the
corrosion of the sintered nickel support which is the cause of

the formation of the supplementary active substance.

-Influence of the "pH"

The decrease in the filling defined in section 4.2.1. is
shown by a decrease in the capacity which increases with the
current density during electrolysis (figure 6.7.). This fact
confirms that a too high "pH" is not favorable for the electrode
energy capacities due to the surface deposit of the hydrate.

-Temperature Influence

The filling decrease observed during an electrolysis at low
temperatures results in low electrode capacities (figure 6.4).

-Influence of the Ni + Co Concentration in the Bath

It seems that the filling is comparable when impregnation
is performed at 2 Moles/l or at 3 Moles/l Ni+Co, it also seems
that the electrode :capacities achieved are noticeably identical
(figures 6.3 and 6.6).

-Influence of the Current Density

Compared to the ovzervationmade of the filling rate, it seems
t-at the maximal electrode capacities achieved in the various im-
pregnation conditions descrease wehn the electrolysis current den-
sity is too high (i.e. 95 mA/cm2) (figure 12). However, it seems
that the electrode capacities achieved with current densities on
theorder of 50 mA/cm2 to 75 mA/cm2 are appreciably identical in
alcoholic baths containing 20 and 50% ethanol.
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4.2.3., Electrode Yield /24

The electrode yield expresses the capacity obtained during
the 4th formztion cycle per gram of impregnated substance (varia-
tion of the electrode weight before and after impregnation), and
this does not take into account the corrosion on the sintered
support.

Figures 8 show the variation of the hydrate yield as a func-
tion of the impregnationtime and of the current density applied
during electrolysis. It seems (figure 13) that the yield obtain-
ed during the 4th formation cycle depends on the quantity of the
impregnated hydrate and reaches its corresponding maximum cf 11
to 12 g/dm2 of the electrode weight variation during impregnation.

This maximum may be explained as follows: when the support
is underimpregnated, there is no electrode swelling, and there-
fore, the capacity obtained corresponds to the oxidation of the
impregnated active substance.

When the impregnation is complete, there is probably an
electrode swelling during the electrochemical impregnation (see
4.2.4.) at the beginning of an excess capacity and an increase
in the "apparent" yield.

Conversely, when the filling reaches its optimal value, i.e
about 12 g/cm2, it is probable that the supplementary hydrate is
deposited on the surface and becones detached from the support
during the formation cycle. Therefore, compared to the initial
hydrate weight determined, the electrode yicld decreases (figure
13).

This observation demonstrates that the weight variation
during impregnation should be on the order of 12 g/dm2 in order
to make Positive Ni-H2 type electrodes with a high enough energy
and without forming a surface deposit.

30



4.2.4. variation of the Electrode Thicknesses

The electrode thicknesses prior to impregnation, before and
after formation are shown in tables 5.

.Swelling Prior to Formation:

The thicknesses of chemically impregnated electrodes measured
before impregnation and after electrochemical cleaning are appre-
ciably identical. This is also true for the electrodes electro-
chemically impregnated in an aqueous solution.

Conversely, the electrodes electrochemically impregnated in
an alcoholic solution exhibit a thickness increase which may
reach 10 to 15% of the initial thickness, according to the amount
of impregnated hydrate.

The "apparent" absence of modifications in the thicknese of
electrodes chemically or electrochemically impregnated in an
agqueous solution may be due to a thickness decrease caused by
corrosion of the sintering during impregnation and compensated
by a swelling similar to that observed with electrodes electro-
chemically impregnated in an alcoholic solution after electro-
chemical cleaning.

.Swelling During Formation and Cycling:

Chemically impregnated electrodes swell rapidly during the
first formation cycles, then continue to swell progressively
during cycling.

The amount of swelling of 100% chemically impregnated. elec~-

trodes reaches 60% after 200 cycles for Ni-H2 type electrodes
(figure 17).
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Figure 18 shows that the overall electrode swelling after
formation depends on the amount of hydroxide impregnated. It
is inexistent up to a minimum value of the impregnated hydroxide
quantity {figure 18), i.e. capacity (figure 19), then increases
exponentially for any impregnation condition (chemical or electro-
chemica.) and for any corrosion on the sintered support.

However, the following fundamental difference exists: impreg-
nation in an alcoholic medium stops the swelling process (figure
17) which is not the case of impregnations in an agueous medium
at "pH" 1.5-2,

Alcohol may be the cause of a s_.ecial crystalline form of the
hydroxide, the latter being able to temporarily contain a certain
number of alcohol moiecules in its system.

The support strength or the crystalline nature of the hydrox-
ide may be an important factor in' stopping the swelling process
of electrodes impregnated in an agueous solution.

Thus, an impreghation in an aqueous solution at a higher pH
(pH = 3-3.5) might improve the strength of the impregnated sup-~
port and thus stop the swelling process observed during the cyc-
ling.

Based on present knowledge, it seems desirable to use alco-
holic baths to assure the dimensional stability of electrodes.

4.2.5, Secondary Parameters

-Hydration of the Hydroxide

A factor which may have an influence on the yield of the
active substance is the hydration rate of the hydroxide Ni(OH)z,

X HZO.
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If we call the stoechiometric coefficient

M Ni (OH) 2, xH20

S = T
actiéNl Co)

s = AP+Ni corroded
acti{N1+Co)

The hydroxide yield should increase with the value of S due
to a better hydration.

This property seems to be confirmed by the curve in figure
14 giving the variations of the hydroxide yield.

.Cobalt Concentration in the Electrodes

The cobalt concentration present in the chemically impreg-
nated electrodes is on the order of 5%.

The tests performed with Co(NO3)2 + Ni(NO3)2 solutions con-
taining 2M/1 and 5% cobalt and various alcohol concentrations
(pH = 1.5-2) causing a concentration of 6 to 8% cobalt with re-
spect to the weight of the impregnated active metals in the elec-
trode (figure 15A).

When the cobalt concentration in the solutionis half, i.e.
2.5%, it is also half in the impregnated electrode at pH - 1.5-2,
i.e. 3 to 4% (figure 15B).

However, it se:ms that a decrease in the acidity of the
impregnation bath favors a decrease in the impregnated cobalt

concentration.

In conclusion, the impregnated cobalt concentration seems
to be:
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-Proportional cc the cobalt concentration in the impregnation
bath at a given pH.

-Dependent upon the bath acidity.

-Not very dependent upon the presence of alcohol in the bath.

-Corrosion of the Support /27

The presence of alcohol makes it possible to decrease the
corrosion of the sintered support by more than 50% (Table 3).

The corrosionof the support seems to be smaller when the
bath acidity decreases.

These properties may explain the origin of the alcohol in-
fluence discussed in section 4.2.4.

4,2.6. Fabrication of Positive Ni-—H2 Type Electrodes

Based on the results obtained, one hundred electrodes were
prepared without accounting for cost requirements in order to
verify the dispersion of the method and to control the character-
istics obtained compared to chemically impregnated electrodes.

The impregnation conditions were the following:

-alcoholic solution containing 50% ethanol
-"pH" acidity 1.5-2

-Ni + Co concentration = 2 M/1

-Co concentration = 2.5%

-impregnation temperature = 80 + 0.5°C
-current density: 50 mA/cm2

-impregnation time: 4 hours.

After the electrochemical cleaning defined in section 4.1.4.,

the electrodes were formed in clusters of 10 in accordance with
specification no. 340 115 (formation in a free electrolyte of
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positive clusters of Hr 23S type accumulators):

lst cycle: Charge 24 hours at C/10

Rest 1 hour

Discharge up to 0.8 V at C/2
2nd cycle: Charge 5 hours at C/4

Rest 1 hour

Discharge at C/2 up to 0.8 Vv
3rd cycle: Charge 5 hours at C/4

Rest 1 hour

Discharge up to 0.8V at C/2

The thickness and capacity results of these electrodes are
shown in table 7.

Compared to the previous fabrication tests of 100% chemically
impregnated Ni-H2 electrodes, the energies restored are similar:

Famation - Capacities Ah/dm2 Ah/g plate

1st 2nd 3rd 3rd
cycle cycle cycle cycle
Electrochemically impreg- 4.0 + 0.1 3,5+ 0.1 3.6 + 0.1 = 0.29
nated electrodes
100% chemically impreg- 3.8 +0.1 3.6+ 0.1 3.7%0.2 =0.27
nated electrodes
Standard underimpregnated 2.9 + 0.1 2.8 *+ 0.1 2.,75%#0.1 =~ 0.23

electrodes

These results show that the specific capacities of the electro-
chemically impregnated electrodes are appreciably identical to the
100% chemically impregnated electrodes and about 30 to 35% greater
tahn the standard anderimpregnated electrodes.

From the standpoint of density, these electrodes have greater
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energy than the 100% chemically impregna*tad alectrodes due to
the greater yield obtained with the electrochemically impreg-
nated hydroxide.

Finally, the discrepancy in the results obtained with the
100 electrodes is small, since it is on the order of 2 to 3%.

The elecirochemical impregnation process therefore seems to
be reliable, since dimensionally stable zlectrodes can be pre-
pared with a much energy as the 100% ciiemically impregnated elec-
trodes and with little fabricaticn discrepancy.

4.3 SUMMARY /29
The study of the definition 5 the electrochemical impreg-

nation parameters demonstrated the feasibility of making thick

Ni-H2 type nickel el-ctrodes exhibiting ar energy capacity of

about 95 to 100% of chemically impregnated electrodes and a high

dimensional stability during cycling.

The main parameters defined during this study are:

.Role of Alcohol:

The impregnations performed in the baths, containing 20 to
50% alcohol assure the fabrication of dimensionally stable elec-
trodes and with an energy capacity of about 95 to 100% of the
chemically impregnated electrodes.

The presence of alcohol in the impregnation bath decreases
the filling rate, but assures dimesnional stability during the
cycling of electrochemically impregnated electrodes. It actual-
ly seems that the electrochemically impregnated electrodes in an
aqueous medium swell during cycling. Thus, such electrodes ex-
hibiting a specific capacity identical to the standard Ni-H2
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electrodes swelled about 35% after 200 cycles.

Observation of the electrode thickness variation curves
shows that the swelling of the impregnated electrodes (chemi-
cally or electrochemically) in an aqueous medium is progressive
and continuous. Conversely, the electrodes impregnated in an
hydro-alcoholic medium are dimensionally stable during cycling.
Thus, the electrodes impregnated chemically in the presence of
alcohol do not exhibit thickness increases during cycling after
undergoing the formation cycles.

Alcohol probakly has two types of roles:

-Decrease in the corrosion of the sintering and thus assur-
ing a greater firmness of the impregnated support.

-Modification of the structure of the impregnated hydroxide
(crystal size and shape).

This role is probably the cause of the suspendion of the
swelling process observed with the electrodes impregnated in an

aqueous medium,

The study of the critical impregnation parameters (section
6.4) tries to determine the role of alcohol.

.Electrolysis Current: /30

A decrease in thefilling is observed when the electrolysis
current density is too high, i.e. 95 mA/cm2,

The best fillings are obtained for low current densities,
i.e. 50 to 75 mA/cm2 and they assure the fabrication of elec-
trodes with capacities comparahle to chemically impregnated elec-
trodes.

The impregnation time must be such that the amount of current
used for electrolysis be greater than 600 C.cm2, A surface de-
posit then forms which is eliminated during the electrochemical
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cleaning. An observable potential jump corresponds to the
formation of this deposit, particularly for high current den-
sities (75 and 95 mA.cm2).

.Temperature of the Impregnation Bath

The tests were carried out at a temperature close to the
mixture's boiling point.

It seems that a temperature decrease of the impregnation
bath causes a''decrease in the filling rate in the electrodes.
This phenomenon is probably due to the decrease in the diffusion

X . . .
of Ni ions in the sintering.

.Bath Acidity:

The tests were carried out in two acidity conditions: "pH"
1.5-2 and "pH 3-3.5. This pH corresponds to the indication for
calomel electrodes.

A decrease in the bath acidity causes a decrease in the fil-
ling and therefore in the capacities restored, particularly

when the impregnation occurs under high current densities.
This phenomenon is due to a large rise in the pH on the
plate surface, causing the surface hydroxide to precipitate and

an obstruction of the sintering pores.

The optimal "pH" zone in an hydro-alcoholic medium there-
fore seems to be "pH" 1.5-2.

.Ni + Co Concentration in the Bath:

The tests were performed for concentrations of Ni + Co con-
centrations fo 2 M/1 and 3 M/1.
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The £illing results are qgreater for an Ni + Co concentra-
tion in the bath equal to 3 M/l. However, the impregnated elec-
trode capacities are similar in the 2 cases with a slight super-
iority of about 5 % for the impregnated electrodes in the bath
containing 2 M/1 Ni + Co.

.Cobalt Concentration in the Bath:

The impregnated cobalt concentration in the plate is a func-
tion of the cobalt concentration in the bath and of the bath
acidity.

In an hydro-alcoholic medium at "pH" 1.5-2, the cobalt con=-
centration in the bath must be on the order of 3% to fabricate
electrodes containing about 5% cobalt which are comparable to
the chemically impregnated electrodes.

The characteristics defined above made it possible to fabri-
cate one hundred Ni-H2 type nickel electrodes with specific free
electrolyte capacities identical to the 100% chemically impreg-

nated electrodes.

The impregnation conditions are the following:

.Impregnation Bath: 50% ethylic alcohol
Ni + Co = 2 M/1
Co concentration: 2.5%
"pH": 1.5-2
Temperature: 80°C

.Electrolysis: Current density: 50 mA.cm2

Time: 4 hours

There is little discrepancy in the results as it is less
than 3%.
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The filling rate is about 15% slower than that of the chem-
ically impregnated electrodes. However, the hydrate yield is
about 10 to 15% greater than that of the hydrate obtained by
chemical impregnation.

Consequently, the electrodes have: /32

-A specific energy per unit of mass identical to the 100%
chemically impregnated electrodes.

-A higher energy per unit of volume due to the absence of
swelling during cycling.

These results show that the impregnation of Ni-H2 type elec-
trodes, whose specifi¢ energy is about 95 to 97% of chemically
impregnated electrodes, may be performed in the following condi-
tions:

.Impregnation Bath: 20% ehtylic alcohol
Ni + Co: 2 M/1
Co concentration: 2.5%
"pH": 1.5=2
Temperature: 84° C

.Electrolysis: Current density: 75 mA/cm2

Time: 2 hours 30 minutes

These conditions seem optimal for satisfying the objective
established and for limiting the cost of impregnating the posi-
tive electrodes used for the Ni-H2 accumulators.

5. APPLICATION QF THE STUDY TO THE ELECTROCHEMICAL IMPREGNATION /33
OF Ni-Cd TYPE POSITIVE ELECTRODES

5.1 REVIEW OF PREVIOUS RESULTS:

During the study on corrections to the dewatering of the
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separator within the framework of CNES Contract 75/0590, several
electrochemical impregnation tests were made on Ni-Cd type nickel
electrodes.

The set of results obtained presented in tables 8 and 9 show:

-the dimensional stability of the electrodes during cycling.

-an improvement in the filling and in the specific capaci-
ties obtained by increasing the initial porosity of the sintering.

-the capability of reaching capacities comparable to those of
100% chemically impregnated electrodes during the formation in a
free ele>trolyte in the following conditions:

lst cycle: Charge 10 hours at C/5
Discharge C/2 -~ Stop at 0.5 V.
2nd cycle: Charge 6 hours at C/3
Discharge C/2 - Stop at 0.5 V.
3rd cycle: Charge 4 hours at C/2

Discharge C/2 - Stop at 0.5 V.

The results actually show that the electrode capacities could
be improved by increasing the quantity of the electrolysis cur-
rent (table 9).

Conzequently, the impregnation tests performed within the
framework of this study involve electrolysis current quantities

greater than 450 C/cm2.

5.2 EXPERIMENTAL STUDY /34

The set of results obtained are summarized in appendix 1ll.

5.2.1 Experimental Conditions

The electrode fabrication and test conditions are identical
to the conditions described in paragraph 4.1.
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~Preparation of the Sintered Support:

The characteristics of the sinterings used are presented in
table 10 (sintering number 4).

The porosity .. the sintered support is high, i.e. 85%.

The accessible vacuum volume is 5.2 cm3/dm2, i.e. 6% greater
than the vacuum volume of a standard type support.

-Impregnation:

The impregnation conditions are the same as those defined
in paragraph 4.1.3:

55 liter Tank

-Cathode: sintered plate at mid-distance between the 2 counter-
electrodes.

-2 counter-electrodes in pure soluble nickel.
-Electrode/counter-electrode distance = 19 mm

~-Teflon electrode support

-Agitation - Thermomix pump flow rate 13 liters/minute.

The experimental conditions are summarized in appendix 1l1l:
-Nature of the sintered support:

Ni-Cd type high porosity sintering

Thickness: 0.79 * 0.02 mm

Surface treatment: reduction under H2.

-Bath concentration: 2 concentrations are tested

2 moles/1 Ni(NO3)2 + Co (N03)2 including 0.1 mole/l Co (NC3)2

3 moles/1 Ni(NO;), + Co (NO,), including 0.1 mole/1 (),
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-Bath temperature: 80°C
-Alcohol content: 50%
-"pH" : 1.5=2

~-Electrochemical Cleaning

Identical conditions to those defined in paragraph 4.1.5:

Formation in free electrolyte (KOH d = 1.306) witia negative
cadmium electrodes with overcapacity.

lst cycle: Charge: 15 hours at C/5
2nd cycle: Discharge: at C/2 - Stop at 0 V/Hg-Hg0
3rd & 4th cycle: Charge 4 hours at C/2

Discharge at C/2 - Stop at OV/Hg-HgO

C value = 4 Ah/dm2

5.2.2. Experimental Results /36

The tests were performed with Ni-Cd type sintered supports
(thickness 0.79 * 0.02 mm) with high porosity.

Standard Ni-Cd type positive electrodes were 100% chemically
impregnated (hydrate = 12 g/dm2) tc establish a comparison with
the chemical impregnation of the eleutrode characteristics during
electrical testing.

Characteristics of the Sinterings Used

2 types of sintering were made:

.1 standard sintering for the chemical .mpregnation of the
positive electrodes used in the Ni-Cd elements.
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.1 high porosity sintering (85) for the electrochemical
impregntion of positive electrodes for Ni~Cd elements.

Their characteristics are presented in table 10.

The accessikle vacuum volume of the "high porosity" sinter-
e. support capable of being filled with active substance exceeds
the vaccum volume of the standar support by 6%, i.e 5.2 cm3 va-

cuum/dm2,

Characteristics of the Impregnated Electrodes

The characteristics of 100% chemically impregnated electrodes
are presented in table 1l1l.

The characteristics of electrochemically impregnated electrodes
in the various conditions, in compliance with the test grid shown
in appendix 11 are shown in tables 12 and 13 and in figures 20, 21
and 22,

3 essential parameters are examined to define the impregna-
tion method:

-Filling
-Capacities (formation - cycling)

-Electrode swelling.

5.2.2.1 Electrode Filling (tables 12.1 and 12.2) /37

The tests were performed for 2 different Ni (N03)2 + Co
(NO3)2 concentrations of the impregnation bath:

-In Ni (NO3)2 + Co (N03)2 = 2 M/1 (table 12.1) the deposition
of nickel hydroxide is achieved proportionally to the impregna-
tion time for any electrolysis current 22nsity applied (figure
20.1).
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However, it seems that the apparent thickness of the plate
at the end of impregnation (Table 13.1) may increase by as much
as 30% of the intitial thickness of the sintering.

During the formation, a weight loss of the impregnated plates
is observed (table 12.1 - figure 20.1). This weight loss is
associated with a thickness decrease (Table 13.1) and a capacity
loss during the formation (fiyure 22.1).

At the beginning of impregnation, deposition occurs in the
pores of the sintering, then on the surface at the end of impreg-
nation (figure 20.1). The hydroxide quantities desposited are:

Current Densities Applied
Impregnation time (minutes) 210 240 140 180 110 125
Specimen . ; 3312 3313 3322 3323 3332 3333

Total hydroxide quantity
deposited (g/dm2)

Hydroxide quantity de-
posited in the pores of 9.3 9,2 8/9 8.4 7.4 8.1
the sintering (g/dm2)

10.6 11.9 10.6 12.1 9.8 10.1

The hydroxide quantities formed in the pores decrease as the
electrolysis current density increases. This observation is cor-
related with the fact taht at high current densities, the pH gra-
dient on the edge of the plate is greater and therefore the pre-
cipitation of hydroxide on the surface is facilitated.

-In Ni (NO3) = 3 M/1 sclution, the diffusion of nickel ni-
trate improves and there is no increase in surface deposit at
the end of impregnation (Table 12.2) unless there is a deposi-
tion with high current density: 95 mA.cm2.
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For lower current densities (50 mA/cm2 and 75 mA.cm2) we
observe the beginning of a £illing stabilization (figure 20.2'.

Electrodes thus impregnated do not exhibit capacity losses
during formation (f. ure 22.2) nor large thickness decreases
during formation (Table 13.2).

We observe an improvement in t..: filling when the current
Adensity increases:

Current Densities
(mA/cm2) 50 75 95
Maximal filling
obtained ( *P in
g/dm2) within the 10 10.5 11

pores

In conclusion: The tests performed show a filling improvement
within the pores of the sintering by using highly concentrated
nickel nitrate solutions so as to avoid a large deposition on the

plate surface.

The maximum filling rate is appreciably identical for the 3
current densities 50.75 and 95 mA.cm2.

5.2.2.2 Electrode Capacities (tables 12.1 and 12.2)

~In Ni(NO3)2 + Co(N03)2 = 3 M/1 solution, the capacities
obtained at the 4th formation cycle are low for the plates im-
pregnated at high electrolysis current densities (figure 21.1).

The electrode capacities obtained by electrolysis at 50 mA/cm2
reach about 3.3 Ah.dm2, ie.e 90-95% of the capacity of 100% chem-
ically impregnated electrodes at the 4th formation cycle. However,

*Illegible.
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after the loss of the surface deposit during the first formation
cycle, the capacities obtained are stable (figure 22.1). This is
not the case of the chemically impregnated reference specimen for
which the capacity increase caused by the swelling in the free
electrclyte is on the order of 4% for each cycle.

It is actually probable that the chemically impregnated elec-
trodes compacted in a limited electrolyte undergoing the same
type of formation would not show such a large capacity increase.

-In Ni(NO3)q + Co(NO3)2 = 3 M/1 solution, the capacities ob-
tained during the 4th formation cycle are greater than in the
Ni-Co - 2 M/1 solution:

- Ni+Co (M/1) Bath

Current - Concentration 2 3

Density - -

(mA/cm2) - -
50 3.3 (2.9)
75 2.85% (3.1)
95 2.8 3.8

Electrodes elec “rochemically impregnated at 50 and 75 mA/cm2
have low formation capacities, whereas for an appreciably identi-
cal filling, the electrodes impregnated at 95 mA/cm2 show a high
capacity. This property is due to an inadequate yield of elec-
trodes impregnated at low current densities.

-In Conclusion:

Ni-Cd type electrodes impregnated electrochemically at high
current densities (95 mA/cm2) in a highly concentrated solution
(Ni+Co = 3M/1) are identical and are often greater than the
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capacities of 100% chemcially impregnated electrodes.
This characteristic is due to the proper filling within the
pores of the sintering as a result of the increase in the diffu-

. A T
sion of Ni ions.

5.2.2.3 Electrode Thickness Variation /40

Electrode thicknesses before and after formation are shown
in tables 13.

-In Ni+Co = 2M/l solution, one observes a large swelling
duirng impregnation, particularly for electrodes impregnated
at high current densities. This swelling may reach 30% when
the quantity of the electrolysis current is on the order of
720 C/cm2. This swelling is due to the hydroxide deposit on
the surface and a similar recuction in the electrode thickness
is observed during its formation.

The overall swelling of formed electrodes is therefore less
than 5%.

-In Ni+C0 = 3 M/l solution, a swelling on the order of 5 to

15% is observed Erior to electrode formation.

For electrodes impregnated at high current densities, this
thickness increase is due to the deposit of hydroxides on the
surface. This deposit detaches from the electrode during the
formation and thus promotes a reduction in the electrode thick-
ness (Table 13.2).

The overall thickness increase is less than 15%. It depends
on the amount of hydroxide impregnated (figure 23) as we have
already observed for Ni-H2 type electrodes.
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5.3 SUMMARY

The results on the study of the electrochemical impregnation
of positive nickel-hydrogen type electrodes (thickness 0.93 mm)
applied to the study of the impregnation of Ni-Cd type electrodes
(thickness 0.79 mm) shows that it is possible to make Ni-Cd type
electrodes which are dimensionally stable during cycling and are
just as energetic as the 100% chemically impregnated electrodes,
by means of electrochemical impregnation in an hydro-alcoholic
solution.

The electrochemical impregnation conditions tested demonstrate
following points:

The impregnation must occur in a highly concentrated Ni(NO3)2
+ Co(NO3)2 solution to improve the filling in the pores of the

sintering and to avoid surface deposition.

In these conditions, the impregnated hydroxide quantities
are satisfactory, i.e. about 2.1 g/cm3 empty, theoretically cor-
responding to filling the sintering porosity by about 75%.

The application of high electrolysis current densities
does not influence the filling and makes it possible to fabri-
cate high energy electrodes for an impregnation time of about 2

hours.

The thickness increase cof the sintered support prior to the /41
formation is on the order of 5 to 15%.

During the formation, the electrodes are dimensionally stable.

The optimal impregnation conditions .ested are the following:
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Temperature: 80°C
Ni+Co concentration: 3 M/1

Co Councantration: 0.1 M/1
Alcohol Content: 50%
"pH" : 1.5=2

Electrolysis Conditions:

Current density: 95 mA/cm2
Impregnation time: 2 H 05

As shown in the study of the impregnation of Ni-H2 type
positive electrodes (Paragraph 4.2), it is probable that a de-
crease in the alcohol content in the batch does not influence
the energy and stability characteristics of impregnated electrodes.

6. EXAMINATION OF THE CRITICAL FACTORS FOR THE DEFINITION OF
AN ELECTROCHEMICAL IMPREGNATION UNIT

6.1 Corrosion of the Sintered Support Prior to Impregnation

The test consists of controlling the corrosion of the support
immersed in an hydro-alcoholic solution before the beginning of
electrolysis.

The tests were performed at 80°C (temperature of the impreg-
nation bath) for 3 alcohol contents (20-30 and 50%) and for two
nickel nitrate concentrations at "pH" 1l.5-2.

The Ni-H2 type sintered supports of high porosity (Sinter-
ing no. 2 - Table 10) are immersed in the solution at 80°C ac-

cording to 4 different immersion times: 2, 5, 10 and 20 minutes.

After the immersion, the samples are washed in distilled
water, then are dried for 12 hours under nitrogen.
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Control:

-The samples are weighed to the nearest *1 mg.

-Corrosion of the sintering is controlled by dissolution of
the nickel hydroxide capable of forming in an acetic buffer,
then determining the corrosion by weighing. 3 tests were per-
formed on the sinterings intact to correct the analysis error.
Results

The results obtained are shown in table 15 and in figure 24.

For any nickel nitrate concentration and nickel content,
the corrosion seems to be appreciably nil during the first 15

minutes of immersion in the solution at pH 1.5-2.

After 15 minutes of immersion, the beginning of an observ-

able corrosion seems to form in figure 24.

6.2 Wear of the Impregnation Bath

During the electrochemical impregnation test on the positive
electrodes of Ni-H2 elements, we found a decrease in the filling
and in the energy characteristics of the electrochemically im-
pregnated electrodes (figure 25). After using the bath for 5
impregnations, the bath suddently changed.

In this case, the impregnation conditions were as follows:

P Bath volume (dm3) - 23 _ g
Sintering surface (dm2) 7.9
Temperature: go°cC

Alcohol content: 50%
Current density: 50 mA/cm2, i.e. I = 34.5 A
Impregnation time: 4 hours.
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Another test for determining bath wear was performed in

the following conditions:

R Bath volume (dm3) o= 42 _ .,
Sintering surface (dm2) 0.58 *
Temperature: 80°cC ‘
Alcohol content: 50%
Current density: 50 mA.cm, i.e. I - 2.9 2

Impregnation time: 4 hours.

After impregnation, the filling rate is determined by
weighing and by determining the formation capacities.

It seeems that after 21 impregnations in the same bath, /43
on the whole, we do not see any decrease in the filling char-
acteristics and in the capacity of the impregnated plates (fig-
ure 25),

If we compare the characteristics ¢f the 2 tests, we do not
find an apparent correlation with the impregnation time and the
amount of current passing through the bath.

Furthermore, the decrease in the performance of Ni-H2 type
impregrnated electrodes during the first test is possibly only
temporary and would require a more thorough statistical deter-
mination on an experimental unit.

Note, however, that the oxidation of alcohol causes an in-
crease in the acetate and in the acetic acid in the bath and

this can have a buffer effect.

A possible regeneration might then be considered by distilla-
tion or by precipitation of the nickel hydroxide and decantation.
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6.3 Characterization Tests of the Role of Alcohol

The results obtained in the first part of the electrochemical
impregnation study (paragraph 4.2) show that the electrodes im-
pregnated in an aqueous medium at pH 1.5-2 progressively increase
in th:ckness during ~ycling.

Conversely, electrodes impregnated in an hydro-alcoholic me-
dium are dimensionally stable.

Two hypotheses were therefore formulated to explain the role
of alcohol:

-Alcohol decreases the corrosion on the sintering and there-
fore enables the sintering to preserve its initial firmness and
thus prevents the corrosion process.

-Alcohol acts uon the structure of the hydroxide made and
thereby assures homegeneity of the filling.

In order to confirm either of these hypotheses, the impreg-
nation tests in an agqueous medium were carried out with sinter-
ings of thickness 0.85 mm (porosity 85%) at pH 3-3.5 in the fol-
lowing conditions:

-Tmeperature = 98°C
-Alcohol content: 0%
-Ni + Co = 2 M/1
-Co content: 5%.

The low acidity of the bath should decrease the corrosion
of the sintering during impregnation. If the brittleness of
the support is an important cause of electrode swelling during
cycling, an improvement in the dimensional stability of the
electrodes should be verified.
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The filling and capacity results obtained are shown in /44
table 16.

The results of thickness variation are shown in table 17.
-Remarks:

One notes that all electrodes electrochemically impregnated
in an aqueous solution exhibit a swelling during the relatively
large cycling according to the filling rate and capacities re-
stored (figure 26).

Note that the hydroxide yields obtained are small and that
the electrodes showing a capacity similar to that of 100% chem-
ically impregnated electrodes (sample type D) swell about 75%
after 70 cycles.

Only specimen F has little swelling (about 10% after 70
cycles) for a capacity similar to that of a 100% chemically im-
pregnated sample.

For the same capacity, the swelling rate of 100% chemically
impregnated electrodes is greater than 40%.

It therefore seems that a decrease in the corrosion on the
support electrochemically impregnated in an agqueous medium de=~
creases the swelling of electrodes during cycling.

However, the t2sts performed did not make it possible to
obtain a dimensional stability of electrodes impregnated in an
aqueous medium. It is therefore probable that the role of al-
cohol is not limited tu decreasing the corrosion of the sintered
support.

Modification of the "bath acidity" parameter does not seem
to be sufficient for obtaining dimensionally stable electrodes
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in an aqueous medium and a decrease in the impregnation
temperature could be required at the cost of the cost of the
impregnated hydroxide quantity.

Furthermore, the dimensional stability of electrodes impreg-
nated in an aqueous medium at 98°C probably will not be obtained
with high porosity sinterings for which the initial strength is
low.

We therefore thought it would be a good idea to search for a
product capable of having properties similar to those of alcohol,
but making it possible to fabricate high energy and dimensionally
stable electrodes in safe conditions and at the lower cost.

6.4 Alcohol Substitutes /45

Alcohol substitutes added to the impregnation bath are
normally used in galvanic treatments to modify the surface ten-
sion of the liquid and its wetting power.

-Impregnation in the Presence of Surface-Active Agents

Several impregnations of high porosity (85%) sintered supports
of type Ni-H2 (0.93 mm thickness) were performed in various baths
containing surface active agents in the following conditions:

.Bath, Temperature: 80°C
Ni + Co concentration: 2 M/1
Co concentration: 5%

Additive: surface active agent

.Electrolysis: Current density: 50 mA.cm2

Time: 4 hours.

The electrodes thus impregnated, then electrochemically
cleaned were subjected to the 4 formation cycles defined in
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section 5.2.1.
The results obtained are shown in figure 27.
-Remarks:

Figure 27 shows that the maximal filling is obtained for
an optimal surface active concentration.

The variation of the plate weight during impregnation is
about 11.5 g/dm2, i.e. appreciably identical to that of an electro-
chemcially impregnated electrode in an hydro-alcoholic medium.

The capacities obtained during formation reach 3.8 Ah/dm2,
i.e. about 90% of the capacity of the 100% chemically impreg-
nated electrodes.

When the surface active quantity increases, the bath vis-
cosity becomes too high and the hydroxide forms a deposit on the
surface. The plate capacities thus achieved are therefore low.

The electrodes impregnated in the presence of surface active
agents do not swell during formation and during cycling (50 cycles
completed).

It is probable that the electrodes electrochemically impreg-
nated in the presence of surface active agents at higher temper-
atures would make it possible to fabricate dimensionally stable
electrodes showing the same energy levels as chemically impreg-
nated electrodes.

6.5 SUMMARY /46

The study of the critical factros of impregnation established
the following points:
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-The corrosion on the sintered support in the impregnation
bath seems to be appreciably nil for an immersion time lasting
less than 15 minutes.

-A test for determining the possible number of impregnations
with the same bath without observing a decrease in the filling
characteristics and the capacity of the impregnated electrodes
was performed for twc different "Bath Volume/Sintering Surface”
ratios.

This test did not make it possible to check whether the drop
in the electrode characteristics observed after using the same
bath several times was temporary or whether the bath was unusable.

This determination may be accomplished statistically on an
experimental impregnation unit permitting a large number of elec-
trodes to ke fabricated.

-In order to improve our knowledge about the role of alcohol,
an impregnation test in an aqueous medium was performed at pH =
3-3.5 to diminish the corrosion of the nickel sintering support.
The results obtained show that the dimensional stablity of elec-
trodes electrochemically impregnated at 98°C in an aqueous medium
cannot be obtained. The role of alcohol therefore does not seem
to be limited to a decrease in the corrosion on the sintered sup-
port.

A modification of the parametric factors "temperature" and
"sintering porosity" might possibly make it possible to fabri-
cation dimensionally stable electrodes at the cost of the amount
of hydroxide impregnated.

Consequently, we thought it would be desirable to look for
alcohol substitutes.

Among these products capable of lowering the surface tension
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of the bath, a surface active ag..it was tested at 80°C for
various concentrations.

It seems that the filling capabilities of the impregnated
electrodes reach a maximum level for an optimal surface active
concentration.

The electrodes thus fabricated are dimenaionally stable
during cycling and their energy capacities reach 90% of the 100%
chemically impregnated electrodes.

It is probable that for higher impregnation temperatures,
utilization of a surface active agent makes it possible to ob-
tain results comparable to those of alcohol.

In conclusion, the overall results obtained both for the
electrochemical impregnation of positive Ni-H2 type electrodes
and for Ni-Cd type electrodes, show that the electrochemical
impregnation makes it possible:

-To fabricate electrodes which are dimensionally stable
during cycling.

-To obtain an energy capacity per unit of mass which is /47
equivalent to 100% chemically impregnated electrodes.

The advantage of the process thus being demonstrated for
laboratory conditions, it seems necessary to fabricate an ex-
perimental impregnation unit capable of impregnating electrodes
in large enough gquantities to be able to evaluate the perform-
ances of new electrodes in accumulators.

7. CONCLUSION

The entire study of electrochemical impregnation demonstrates
the feasibility for making dimensionally stable Ni-H2 and Ni-Cd -
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type psotive electrodes showing an energy capacity of about
95 to 100% of that of 100% chemcially impregnated electrodes.

The summary of the study presented in paragraphs 4.3 and
5.3 specifies the influence of the different parameters: cur-
rent and electrolysis time, temperature and acidity of the
impregnation bath, nickel and cobalt concentration, use of al-
cohol.

The impregnation conditions seeming to be optimal for
obtaining electrodes showing the characteristics specified
above, are the following:

Ni-H2 type positive electrodes: (thicknegzs 0.93 mm)

Impregnation bath: ~Temprature 84°C t 1
-Alcohol content 20%
-Ni + Co = z M/1 concentration
-Co = 0.05 M/1 concentration
-"pH": 1,5-2,

Electrolyte conditions: -Current density: 75 mA/cm2.

-Impregnation time: 2 hours 30 min.

Ni-Cd type positive electrodes: (thickness 0.79 mm)

Inpregnation bath: ~Temperature 80°C 1
-Alcohol content: 50%
-Ni + Co concentration = 3 M/1

-Co concentration: 0.1 M/1
"pH": 1.5 «- 2

Electrolyte conditions: Current deusity 95 mA/cm2

Impregnation time: 2 hours 05 min.
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It seems that a decrease in the alcohol content by 20% /48
should not modify the characteristics of impregnated electrodes
and facilitate production in terms of fabrication safety.

All critical factors of electrochemical impregnation was
discussed in paragraph 6.6.

What should be essentially noted are the ctests performed
to replace alcohol by an surface active agent.

These tests show that at 80°C, it is possible to cbtain
dimensionally stable electrodes by showing a capacity of about
50% of the chemicallv impregnated electrodes.

Electrodes which are dimensionally stable during cycling
could not be fabricated in an aqueous medium by operating at
98°C for 2 bath acidity ranges.

A decrease in the impregnation temperature and of the ini-
tial porosity of the support might possibly have made it possible
to fabricate stable electrodes, at the cost of their capacity,
however.

Now that we have demonstrated the advantage cf the electro-
chemical lmpregnation process, it is important to fabricate
electrodes in large enough numbers to be able to evaluate the
performances obcained with the new impregnation process.

It therefore seems necessary to fabricate an experimental
installation for making electrodes in the specified conditions.
We may consider broadening the impregnation conditions to im-
porve the manufacturing cost and safety of these positive elec-
trodes.
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TABLE 1

1

p———
i

R

Table

Characteristics of the Ni-H2 Type Sinterings Used

AN E3 SN I I T I EEIE S I X IS EEE NSNS N TS SRS EFEEERE RS U NESEREARS

Standard

High poross

: . . . Ni-H2 sint-, ity Ni-H2 ,
X . Sintering Type . ering no. 2, sintering

H s « NO. 2 .
i H . .

: : 81 +3 : 92 + 3

. Thickness (mm/100) . b . -
B : s :
L. : . - : 5,2 : 5,3 :

: Sheet weight (g/dm2) . . .
l‘ : - : 14,4 + 0,4 : 9,85 + 0,4 :

: Nickel Coating Weight (g/édm2) : : .
I : , _ : 0,347 : 0,489 :

: Theoretical porosity am3/g sintered pl.: : :

: _ I 0,296 : 0,405

: Open porosity cm3/g sintered pl.: 2

: : 970 : 410 H
|- : Sintering strength : : :
- : : 13,8 : 13,4 :
l : Positive sintering capacity (mAh/dm2) : :

L 80 : 86 :
l' . Theoretical porosity (%) : :
) : : 5,8 : 6,1 :
‘* : Accessible vacuum volume (cm3/dm2) : :
§a
'
i

*

~50-

*Transiator's Note: numbers at bottom center of page are foreign text page numbers.
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TABLE 2

CHARACTERISTICS OF POSITIVE CHEMICALLY IMPREGNATED Ni-H2 PIATES

Y

Ni-H2 . Standard Ni-H2
Plate Type : (100% imprean,): (under-imnreqn.)
Reference Samnle 24 25
% Refer. Sinterina (no.) 1 1
[+ H -
3 Thickness (mm/100) 91 ¢3 31 ¢+ 5
Z
a Porosity (%) . €o 3c
Oz . Hvdrete wt, (g/dm2) Stan- 14,2 . Stan~ 11.2 .
8o, dard =14.5 & 1.5) [dard =1C.2 & 1.€
R B
ZE ' Corroded Nickel (%) . 13 1
: Capacities lst cycle : 3,72 : 3,22
* (Ah/dm2) 2nd_cycle | 3,96 : 3,2-
: Formation : :
: 3rd cycle : 4,10 3,2
: 4th cycle 4,21 2,72
Yield (An/g hydrate) 0,235 C.z°=
* Before farmation
£ . Thickness: a. 86 8,3
= X E. 87 <
_ (me/1CO) c. 8a 8s,:
: :
. After formation
a. 109 91
tE. 110,95 a3
c. 111,5 g2
: Swelling (%) 293 8
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£ CHEMICAL ANALYSIS OF ELECTROCHEMICALLY IMPREGNATED ELECTRODES
[" H : H : :s. P"‘N;l
Reference Characteristic Parameters of the : (,Corrodtﬁiffé\gf o ; Thearet.
Sample : Impregnation Conditions : , M ,atta./, vield
. ’ , (8/dm2); . i,Ni+Co _ (4th form.
: . :(g/dmZ):(g/dmZJE . cycle
: : : : : : Ah/a O/
1111 af 0% Alcohol S0 mA/cm2 2 h 30 $12,7% 1,48°% 8,2 ¢ 1,73¢ 0,33
1122 af 0 % Alcohol 75 mA/cm2 2 h20 $ 11,6% 1,08¢ 2,2 ¢ 1,7727¢ 0,34
1131 a; 0% Alcool 95 mA/cm2 1h 35 . 9,1,1,2, 50 , - ., 0,34
: : : : T H -
1211 ¢ ; 20 % / Alcohol 50 mA/cm2 3h . 10,4, 0,59, 6,1 , 1,80, 0,36
1223 ¢ ;20 ¥ Alcohol 75 mA/cm2 2h a0 . 9.4, 0,79, 6,4 , 1,68, 0,36
1232 ¢ ; 20 ¥ Alcohol 95 mA/cm2 1 h S0 9,6, 0,79, 5,7 , 1,81, 0,34
5;-1 1313 ¢ ; 50 % Alcohol 50 mA/cm2 4 h . 14,1, 0,49, 8,9 , 1,63, 0,34
by : 3 : : : : '
Q'L' 1322 ¢ ;50 ¥ Alcohol 75 mA/cm2 2n20 . 11,7, 0,49, 7,35, 1,66, 0,33
i: - 3 ) . . .
t,_[- 1331 ¢, 50 % Alcohol 95 mA/cm2 1h 35 . 8,1, 0,68, 50 , 1,76, 0,34
H B S : 3 H
1612 .70 % Alcohol 50 mA/cm2 3 h 30 . 10,9, 0,55, 7,4 , 1,55, 0,32
* 1622 ,70 % Alcohol 75 mA/cm2 2h20 . 10,6, 0,65, 7,5 , 1,45, 0,31
{f 1632 ;70 % Alcohol 95 mA/cm2 1 h S0 © 10,7, 0,15, 7.0 , 1,55 0,32
E{ 1511 ;Ni + Co = 3M/1 50 mA/cm2 3h 11,6, 0,25, 7,8 , 1,52, 0,34
#1622 :Ni + Co = 3M/1 75 mA/cm2 2 h 20 . 11,8, 0,15, 7,7 , 1,55, 0,3
{3‘ 1532 ,Ni + Co = 3M/1 95 mA/cm2 1 h 50 © 11,7, 0,5, 7,8 , 1,50, 0,31
f‘;}* 2113 ,Nonpass. Sintering 50 mA/cm2 4 h . 11,0, 0,75, 8,0 , 1,47, 0,32
%_ 2123 ,Nonpass. Sinteringy 75 mA/cm2 2 h 40 . 11,2, 0,65, 7,8 , 1,52, 0,32
4 2313 ,Passiv. Sinteriny 50 mA/cm2 4h . 11,2, 0,75, 7,9 , 1,51, 0,32
‘¢~ 2323 ;Passiv. Sintering 75 mA/cm2 2 h 40 . 9,0, 0,65, 6,7 , 1,44, 0,33
‘L 2413 ,Passiv. Sintering 50 mA/em2 4 n . 12,1, 0,65, 7.7 ; 1.65, 0,30
J " 2423, Passivated Sintering 75 ma/cm2 2 h 40 . 10,9, 0,55, 7,6 , 1,51, 0,32
R ) . 4 p‘gq'ucg_ﬁ H H H H H
2222  pH 3-3.5 75 mA/cmz 2 h 20 . 10,6 0,15; 8,0 ; 1,34 ; 0,33
2213, pH 3-3,5 50 mA/cm2 4 h S 11,7 . 0,25, 7.5 ; 1,59, 7/
20 Electrode Ni-H2 50 mA/cm2 13,5 0,25 8,2 1,68 /
i : : —— :-—-—v - -—-T..- —— . — — : . ew
36 : Electrode Ni-H2 50 mA/cm2 . 13,0: 0,05; 7,8 ; 1,67 : /
1, Chemical impregnation - Standard ILalo. © 1.6 1.60. 8.2 . 1,60, 0.2
66 2 . Chemical impregnation - Alcohol R M TR AN - M - -
M - ' * -
e o ks it 1 e M S i ks e AR A i - - " 3 . mhe ‘
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Alcohol Content: 20§-
g84°C

Temperature

G mra—_

: Concentration Ni+Co = 2M/1
Concentration Co = 5 %

pH: 1.5-2

ALITY Impregnation Bath
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TABIE 6

Capacities (in Ah/dm2)

,_______
[
: {

(mm/100)

(_ELBECTRODE CHARACTERISTICS DURING CYCLING

- - em

-» e .

Thicknesses

|

Reference

Sample

e 68 e

80thcycle

ycle ® 64thcycle

‘44th ¢

21st cycle
(cyclags)

4th cycle
Formation

After 180
cycles

ss s ee

After 21
cycles

After
Formation

Brior to
Formation

o oo oo
e o0 e

24"

e se se os

4,08
3,50
3,45

'y

131

120

.o

110

87

e oo
e oe

o ao

.. oe

3,70

o o

106,5

98

.. s

92
92
102

85

e on
o ee

25

s oe

76
93
103

449"
1122
1211

3,87
3,63
3,50
4,07
4,09
3,58
3,70
3,55
3,44
3,53
3,37
3,85
4,03
3,70

e o

4,05

121,5
i10

112

99
95
104

4,12
4,25
1,06

102
111

94
106
105
105

99
108
105
105

.. o
ae e

1223
1313
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4,36
3,90
3,95
3,72
3,57
3,64
3,55
4,12
3,87
3,85

4,27

e oe

. e

1511

3,73
3,85
3,67
3,52
3,62
3,53
4,12
3.:
3.80

106,5

o

1522
1532
1612
1622
1632
2113

LTI 1

3,70
3,50
3,34

. oo
ss ee

S6

98

97

e

.

93
92

93

94

es we

91,5
95

92,5
94

s 8@

93,5
94

100

3.50

95

96,5

99

99,5

2313

3,60

101,5

99
97

99,5

2413

96

99,5

2123

-
N
-
™
LU L)
w
-
-
(2]
e e
-]
(=}
-
(2]
e o
Q
(=
-
m
N
(=]
<
(=]
\n
o
I\l
o
™
o~

3.64
4,30
3,79

3,50
4,22
3,92

3,44
4,07
3.65

95

94,5

86,5
90

2423

[T Y Y

4,00

e ae

.. e

Lo 1
~
o
-
(T2}
©
(+2]

»
o
-

102
: {cycle 44)

101,L

..
(X3

.

'

..
.

.
.

Ni (NO3)2 solution contairing 50%alcohol.

cally impregnated electrodes (see table 2)
imprgnation in

Chemically impregnated electrodes without alcohol

Chemical.

L 4
e
Pee
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ORlGlNAL PAGE I8 TARIE 8

_OF POOR QUALITY
: CHARACTERISTICS OF Ni-Cd Type ELECTROCHEMICALLY

B IMPREGNATED PLATES*
-
B
| Type of impregnation Chem:.c.
: ‘ Electrochemical Impregnation ;impreg.;
: : ;refer. !
| s :
‘ . Thickness (mm/100) 75 : 75 76 75
! Porositv (8) ‘e 82 i 85 82
[‘ | Surface treatment ' non- .passi- ! non- - Norpas- : non-
: ;pass:w. ‘vated .passa.v. Reduced . siva ted:passw':oassiv.
' Reference Sample Dol o2e2 0 o2m D2 f 31} 3 D2z
o8 i Filling 18P ([ g/am2) ‘8,26 (9,82 ‘8,79 ‘9,5 ‘10,3 1077} v
:h . » . . . .
gg  Corroded Nickel (%) 0 0o 15 .25 [ 3 3 2
‘ Capacities: lst cycle P2,49 2,86 ‘2,22 ‘209 ' 2,547 3,207 3,36
. (Avam2)  2nd cycle ‘2,48 ‘2,83 ‘2,27 ‘209 @ 2,66 ° 3,23° 3,5
. 3rd cycle 2,48 2,93 ° 2,34 3,22 ] 2,67 . 3,41 3,64 t
: : : : : : : : H
: Yield (Ah/g ate) : 0,300 : 0,298 : 0,266 : G,338 : 0,25/ : 0,317 : / {
: (17‘/“ CWle 0% : H H H H H . i
& ¢ : : : : : t : !
& : Thickness Before formation . 75 . 79,5 :80,5 : 80 : 81 : 81 : 76,5
- % (mm/100) After formation : : : . : : : .
na (50 cycles) : 75,5:77 :80 : 80 : 84 : B2,5: 105
' swelling after cycliing (%) o ‘o fo to Yoa P2 ta
‘ Inpregnation conditions: tath _ _ : Ni ¢ Co = 2 M/1
- Co = 5%
pH = 1,5 -2
Alcohol = SO %

Temperatura . BD' c

Electrolysis: current density» 50 mA/z-l
time = 2h 30
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TABLE 9

CHARACTERISTICS OF Ni-Cd TYPE ELBCTROCHEMICALLY
IMPREGNATED PLATES* - INFUJENCE C(F THE ELECTROL~-
YSIS CONDITIONS

—

i X Electrolvsis "
Reference " porosity : - - : Capacities
- sample ' (1) , Cwrent . Impregmation , Cuwrrent (#5/3m2)
. : , densitv , time ',  ouantitv
: D (mA/cm2) . (mn) P (c/cm?) .
H : : : :
i 111 : 78 : S0 : 150 : 450 : 2,5
o : 82 X 50 o480 P as0 : 2,3
51. 31 : 8s : 50 : 150 : 450 : 2,7
I 114 X 78 X 50 L P 20 ) 3.3
i 214 : 82 : 50 : 240 s 720 : 3.5
314 X 85 ; 50 P 240 ' 720 X 3.8
I 4 : 78 : 75 : 100 : 450 : 3,8
1- 1V : 82 : 75 : 100 : 450 : 3,2
- 3 ; 8s X 75 " 100 ' 450 X 3.4
-3 -— - /
! Impregnation Conditions . math : : r{:li «+ Co = g I;VI
R 0 s s
v pH = 1,5 -2
' Alcohol : SO %
i Temperatuyre = 80° C
[ 99
A “-ontrachs/cNeES/0590 - Repoart DT/SAS-333/76
- . %4 Reference - Chemical iapregnation: 3,6 Ah/dm2
_ 3rd formation cycle : charge 4 h & C/2
discharge €/2 ( stop at0.5 V).
[ ¥
. -0 -
-~ 85




86

TABLE 13

|A?T“¥IE v

ORIGINAL PAGE 19
OF POOR QUALITY

CHARACTERISTICS OF Ni-Cd TYPE SINTERINGS USED

Sintering No. 4

' sintering !
. No. 3 Ni-cd | Ni-Cd High
TYPE OF SINTERING P o s)  Fporosity
Thickness (mm/100) : 79+ 2 : 78+ 2
Sheet weight (g/dm2) 5,1 : 5,1

e os [en oo

Nickel centing wt. (g/cm2) 12,8 +0,2 : 8,8:+0,2

: : :
Sintering strength(gf) : 600 : 320
Positive caracity-sintering(mAh/cm2) 2,5 : 4,8
Theoretical parosity (cm3/g sintered oli 0,377 : 0,447

Open porosity (cm3/g sintered plate) 0,310 : 0.377

82 85,5

Thearetical poros.(%)

Accessible vacuum vol, (cm3/dm2) : 4,9 : 5,2

SLIE



TARLE 1l

BAWLEOVE T @

CHARACTERISTICS OF POSITIVE Ni-¥ CHRMICAILY

TMPREGNATED PLATES

Reference Sample 44 :
: : . : :
: ; Sinterinmy Reference (No.) . 3 .
: : \ : :
: . Thickness (rm/100) : 78 + 2 .
: H H

: 7, Porosity (%) ) 82 ‘
H ’ ? . 3 1
2 B8 : Hwirate weight (3.4m?) : 12 .
: gg . Cerroded nickel (8) X 14 :
X | Capacities 1st cycle 3,17 :
. * (Ah/dm2) 2rd cycle : 3,30 .
Formation 3rd cycle : 3,44 :
: : 4th cycle . 3,62 :
vield  {An/g hydrate) ) 0,302 :
: : 3 :
: : : Before formatinn : :
: . Thickness . X 76,5 :
X ¥ (mm/100) : : 76 !
. X X : 76 '
: § . . . H
: - : : : :
$ g : ¢ After formation: : :
;2 f = f
. . . . 82 .
: : : Swelling (%) : 24 :

-2
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TABLE 12.2

CHARACTERISTICS OF ELECTROCHEMICALLY IMPREGNATED Ni-Cd TYPE posTTme PLATES
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INFLUENCE OF THE INTERELECTRODE DISTANCE

- Ni-Cd type electrode

- _Imregnation_comdjtiong. :Alcohol content: 50 %

NiL + Co = 2 M1

Co = 5%
pH = 1,5 -2
Temperature : 80° C
: Electrode/counter-electrode distance  : 20 . 10
: (mm) : (standard) :
! Hydrate weight retained in plates : 9,2 : 11,3
(after farmation) (in g/dm2)
lst cycle 3.4 ' 3,6
; i:g?g;g?es 2rd cycle | 3,3 ; 3,55
: Eormation ard cycla 1 3,3 : 3,65
) ath cycle | 3,25 : 3,6
:Thickness ; Befare impregrationimm/100) 79 : 79
; After impregration (mm/100) g7 X 86
: After farmation  (mm/100) : 80 . 87,8
Swelling before farmation | +26 +1C
: Swelling during fargn"a)tion : :
: la forma- : s
: (%) : =25 +2
Overall swelling +1 +12

8% 0e ss o e 0 es e ae e
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ORIGINAL PAGE 19

OF POOR QUALITY FI?URE 2
IOH weight ‘
per camponent ELECTROLYTE DISTRIBUTION IN THE COMPONFNTS OF
5=2X0.42 dm2 Ni-H2 BATTERIES AS A FUNCTION OF THEIR

LOCATION IN THE CLUSTER DT/SAS-333/78
Contraat 75/CNES/0590)
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FIGURES 5

ELECTRCDE FILLING AS A FUNCTION OF THE
IMPREGNATION TIME AND
CF THE CUIL™NT DENSITIES
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. -ELECTRODE FILLING PROCFSS

Fi%u,e S 3

IMPREGNATION Alcohol 507
cOﬂd”'l.onﬁ .
temperature 80°cC
= 3 , | pH 45-2 -
[Ni + ¢o] oML
Weight $ |
Variatipn | %
AP ORICINAL PACGE 1S A !
( ?’d"t] OF POOR QUALITY A sotential
[pr
B i (mv )
£’y
3
| B Psamﬁlmt :
et |V S
T Bt / :
4o . K '
/ +
/7 !/
/ y |
! , | |
/ 1 / ;
1) / N
’ N
/ , E
/! // ‘
" / ’, // 2000 |
35mAjem® %
;! / ’/ ) ‘( ;
% & T5mAjem sotentio |
o - - 50mAfom* P
0[[ 4 ’f’b.—f F 4 ey, mA fom o .
1
17 3
e -
4‘ g ¥ « Time (hours)

104 _aL-

of impregnation
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FIGURES 6

INFLUENCE OF THE IMPREGNATION TIME AND CF THE CURRENT
DENSITIES ON THE ELECTRODE CAPACITIES DURING THE 4TH FORMATION CYCLE

109



e

- -,"._.H%UN’. O.. 4

‘.

[N

eseae

[

ALOOHOL

1 te

'{

0%
—-98°C
Tllasl2

na .

PAPYETH

'
!
'
.
.
'

1’\) re;'—f—g

mpera

.
. . o o o —— —

pH

&)

a - cammime

R

L

R

t
a—
T

Lot

'

impregna

"

T.—
o

R

poemi

;S

. o o -

i

hil
|

T

]

Moot |

n
- -~o-

‘1 E
Loatiib
ol

tion refer

e

NOSNVD Su3idvd $13)

B




o/."

90

]

———

1
H
~ -

S
[o——y '__ ;_‘.. S
ALOOHOT,

ey

}U re "

‘(N- = - ffempera

TI.

'c e

84
4.5,

i
t
S
' \
-
i

H
PN
i

T e ee—— . -

e o —
H

.
_ '
ot EEEY 22
1 ., 1
: _ i-
[
RPN QU B
-
R
! i
T P
* b
!
e -

T
i

.-

o}
R S
RECIREL. IV S

—te - T

32

b eame

i
i




wre 0.3
)

Fig
n cyclé

!

- s e ———
) T
. B S
e & e——
+

h formatio:

| z,gé

__MTIW CONDITIONS
ALCORO,
temperatur

1
! 1
.

!

—
- -

T RLECTRODE CAPAGTTY | ]

'
- —— S—
- - moa

i
e e
. . i
. HA

)

o
|

- -
-

509

'
-
+

1

'
'
'

i goc

. .. -
et
e

i

H

!

1

B

N

* 1
-

1

-

1

=1

H

[}
SRR S S SRt

v
.

(3

..

slumiy NOS

T

.

Y
-2

——

3

.........

ofeeocbanes -

NVYD Sulidvd SN

- — -
e e




" #3utiy NOSNVD SHIIdVd §3)
- _: Priie phtH J, 3 1_
[T 5.0 .

1 Y
B SHIE
I

M I8 FIEY 1+ §

-
——— —

=

!
: ” o . “
: ‘.ws h.....o».“. P —qemi _1...» - ; ;
3 . E R I b )
- u c - v'.."...“tt .'l-‘v m. .. . ) —lh -.av . .m-v — .
m IS oO- _ o . . . . v“n* l_ . _, .
e MY b b v H ,ov
m-mm s i M | | N R N -.ﬂ AN
. ..m . TR m N T E ST DT § 174 = 73 RN A .. N T A ;
o I % IR S I S HI SRS RSSO EI SEH NS OFRI Jgt] EPN SRS SEU ORI BV
Y iEb ] W b BREERENEREER ‘ BN
gl T 5 N e I e T Bl IV,
__ ; _.m - @ R B IR : <,
el g o
. 1 - !

el SRR, A P

z'

1
H
D

- - 8 B -
mpe

= Shen

;———
- . re—— -

v
L]
-
]
.

S

i .

i

‘ ALITYND ¥00d 40
_ L o v, S$173vd ynBO . v . | L

oo
-



S T T AR L i wt——

IMPREGNATION CONDITIONS

-

_i_14th FORWNITON CYCLE)

’,

i
!

e
i

.
b
' 4

+

I ¥

L

0%

{
!

—-ctmem hne

- g
.
b |
IR I
.q {.
-
R &
R
Mo e g
- LI
!
.
S N
]

P
-eM[E -

s e meman

goc

-

'

; fenbée rature

G B by,

. ipH
3"‘;“'5'%

!
|

-

T Tt
o PR .!. L

.'.

e &
ek v
N

R
‘—e = ———

REFERENCE
=H2

Ni

. : ﬁ&."
Standard

*

.

4T

Ty

(I B S
N HER :
B e e puey DU L 8 .
IR | P
Dt

o

N

- ——-

4

Gt e
O

H . Lo
.. caen
. .
o0 ——— e S s

crer i e -

: — ——-QRitakal PAGE-IE-

€14 NOSNVD SH3Iidvd S

FRE

OF POOR QUALITY

— - ——

-9



i

+

“"""*‘— -

¥ ——

-
—p—

O .
L H

- Vo

o ] : 13

S

s b ¢ r

- e

cycle

, 4th formation

/

CONDITIONS

{

e

7=

to
b

50 ______
goc

“—e o iamc .

. .
YRS VL S LI
.

. ATCOMOL

- - g -

.

" femperature

i A5-

.
...

452
dmiL

b
e
H
:
|

AYI.*'&J :

T
S

R
]

.
LI

PRTEs S
.‘.“'!

.

i
H
.

L
M .
; :

+
e -

-

e« b— p— -
+

1
-4 e

<

NS

LR SRESS PO PENGR MpUNN SN

NimH2 « |

Standard Ni=

. H .
! e «
—— s "

.
IR L 2E 2 st
.

-

-GRIGINAL PAGE 18 ..

.- -_ “‘QFPOOR‘QW“-M o

!
[
H

L s
N SEEI Mt

i

-
i
Hy

Sp -

'

. .
T S —— . —.
. B

3



tempe ra;;re. B

PH .

TION?,{

Porom w—e— e -

PR SRR

o dme faia

SO

s
b1

crpesmsiemn
=T

g

| REFERENCE |
.__Stardard

urely NOSNVYI SHIdYY ;7

Ni-H2 '

> -

3.5
2 ML

-]

3
T e .
[EEEE SRR

- ——— .

i

. H .
—— e+ e o . e

+ L’J~

.
'

v

ITIONS

e

IMPREGNATION RFF

f--._
i Por

teyesmmaie

L.

CAPACITY
L)

-




FIGURES 7

CAPACITY VARIATION DURING ELBCTRODE FORMATION

117



— Figure 4.4

[p—

CAP.

i
H

0%
98°c

!
1

ALOOHOL

temperature
oH
i

IR Y

-a eaam

4,5-2
M

1

Il
—— .

: voe s e .
: N : L es
cmei. 4 ess e -
' .
crem s we e

.

4+ ——100% Chemical

]
T

e
]

impregnation

I

- ~1u4-«e¢-{ii3

*

+

'
4. -

I
oo -

R

5

-

B t . )
..___:.___._TA-......i_.._-_.;.—.. -

-

No. CycTes’

-

e

- ICC



-

T __ CAPACTITY VARTATION DURING FORMRTION _
: P ——— =l

- .- T S e e

Alcohol

‘f‘em P ') rafu re ‘

. PH
[Ni-bCoJ

~ t .

)2

20% AR
gLC o
4,5-2 o
2 ML L B

ORIGINAL PAGE 19 - -
-, OF POOR QUALITY. ;- . oo

.
'

_ CRef_ereilce Ni-H2
hemigal Imeregnation
: - o’ z«
Cad

-

e —— ‘.. —

222 .

i

- 10) -

L4 1 - l
3 y |
Number of cwcles,

119:



. _ CAPACTTV VARIATION DURING F

e eI —

ORMATION |

Alcotol

temperature

—(fa

i
b ' ;
l .
H pmet . o ..% : :
. - '. ! . H
T
. ! .

D e e

- - - o .
t .
.
N
.
0
O .-
t
’ .
e afi anaia 4 miwmsicmens
! .
r . . .
.

a8

®"Ni-H2 reference

ORIGINAL PAGE 1S .
‘OF POOR QUALITY ~  ° |

=
v -

120

S wd .

L VA
Number of Cycles

.. -
o o I W A o



R

f

FEORUFAROEER % Ay

."l%u‘fﬁ : -

e O
FORMATION

CAPACTTY VARIATION DURING

Nl Lt

LLB0Y i

]
]
!
]

Pk

B IR T

e

v ——— e \ 4

L | —eswmer { e

-

EOCH

500
1,522
ML

.rC

'
-1
.

+empera7”u

Sy wdewe =
. . i

) :

s, Aes

1
I}
- '
1-_:‘__.4. et m el

i et

RN

ues4 NOSNVYI S

YIlgvd €727

1

i cycles

B e LTS

-
JC3 -

-

4 | L ) :
TY .

OF POOR QUALI




o —— . .

FIQRE_1-5
o
=i

I

-
e Ly

T

50y
.c_j

—80

Yo 'DURING FORMATION

tu re. -
. J ;.‘...?...-..‘... .

S &
’

‘.

- pera
; @H»Co

.
Aixﬂnl

tem

P ]
vy
y weemieg

et LTIt
._ICAPACITY VAR

1
o
- -
‘
¢ 1

Cieamee - o

'
apeem re et

1
4
i

i

‘ T B

v
1
‘

DR

e N ]
. .

— Peference Ni-H2

impreqnation

bmﬁcal

C

.....

_L—-_'.'

SR SRy S .

]
T

1

1
) Bl i
N :

TJ B R e L
ot - i
ST P 4l
1 . _

. Lrnl. -
: R
i RO
..
o peeem
[
U EEN

R
’
.

. . !
Sa . .

it -

i

¥
'
!

. semmes

4(3;,_._-15;3

73

631 7=

4

‘
4.

—-4643 -

it o

10y -

Duts g HOSHYD SuItd4vdy S3IT

T L]

e e e s cim e e

. .




i

i
o

o
) FIGURE 7-6 o
e
ey RO ST -'-_.'— t ;
At gm———— e .» . ____;_..‘.‘ *- P
507 Ll

o

1
.\—-"J‘_.f—"“-“‘ b
fure -

/

mpera

!....;-

R ]
- -

fem—ae

R AR |

it

VARTATION DURING
te
(n

- s

.

1
N .X...A:...:,s__‘-g -
v

OF POOR QUALITY

mn. :._ L

B

P -




124

~—i= -~ CAPACITY VARTATION ' . ’ " FIGURE 7-7

[y ——

S
. o - - —

——— - — -

ALCOHOL 5o - '
température . 80  n e o — f

' H 3-35 ' :
[:li-o-Co] 2 ML | - i-

| .
| ORIGINAL PAGE 19|
: OF POOR QUALITY

—. ee.em c- e = e e w Nt M e s metemas -w v s e s ecess oo s

RS

e

e e mrmm— . e e -

\ 1

A

B R R R
S . _ 232 Rreference: Standard ANi-H2

- - -
-

- Do chemical jupresnation |

— o —— = o - + ce e ts m e ee——— Y —-e . ——— o cm——
1 - -

I
! .
LI - =
! .
- H wee o—meq
] .-
' L
| e e
! b .- :
L
RNV SR A s
. ! .
! S |
Number of cycles

106 -

T



FIGURES 8

AL ELECTRODE YIELD DUIRNG 4TH PORMATION CYCIE

L K 1 -4



:
<!

L.
YIELD

?/op
(li ARI’)

126

IMPREGNATION
= CONDITIONS

A

P R e —— X Firure 8-1.

Figuie L. ¢
ELECTRCDE YIEID (4th Formation Cycle)

ALCOHOL 0%,

fempéirature  34°C

H . . J‘s_z - - - ..
@0’400] Zﬂll

L  ORIGINAL PAGE IS ! i
: OF POOR QUALITY . o]
{

|

1
'
i

4" » 1{ " ]
. 3 3 - Time (hours)

-108 -



I R

Y.

— e e, t
ELECTRODE YIELD (4th FORMATION CYCLF) FIGURE 8-2
Impregnation Conriitions sl : ‘ ;
Alcohol 207 |
A - "‘em[ura tore 84°C oo
ate . 4,5.2 _
mﬂ/@ LN i+ Co) 2Mfe
(mhkh) » . "
; ORIGINAL PAGE i8S |
. : OF POOR QUALITY [
B ;‘ V ‘
c—dood SO
i , :
e d
'3‘ ; -
\ ;
..... 3%e. -8 e e - - —_—
\\ C
S5k P ol
e ]
U RS
- 308 4 Refererce cl'enical'»impregmtion
Standard Ni-H2 :
. } S
< e d e meen ]
!
: .
- S '
N S T & =~
Time (hours) '
y
-ic- ‘

127



B

B

i

L4

'

isme w e m— e s e e adme wma: A

..: ;iﬁrate ﬁ‘

RIGINAL PAGE 18
OF POOR QUALITY

EIECTRODE YIEID - 4TH FORMATION CYCLE |
IMPREGNATION CONDITIONS B

FIGURE 8~-3

v cme simenee « ATOOHOL

temperature

!
ot
i
i

A,5.2

.
¢ -

. 50'/. A.---_.f._.------——".
g0°C : 5

pH .
_ [Na' + eg 2- M{L 5
YielAd ' o ;
5 a/‘P ; g . H ::_ - mm— el
(Mb[,) f
- 400 A .
950 ' _
: - ' ’ I
: 1 50 mﬁ/%z ‘
- J\ - e
H
30¢. . {" 5"'A/""’x Reference Impregnation
; Standard Ni-H2 B
Sp—
v e

128

- 11p-

1
. .
- —— -

‘e
fe

S Ylear s

Lok Ja” BN

. Tttt



I8 ) NOLIYD M hdTd Sy

-4

oo ! B G W T 0 Dot (hed Lian M D i e B 6 ] Nt N R R
I - ST S O 8 B A G N P R . B
mm S A S R _ & o B R W “
B e ik dE
_ E P Lo L. BT - g TN TR = B
L i : ] A8 Pl m
oo L IR R T.J:r U RN S O e o ) m S S - 5
: ‘ b ¥ ! - S I ; B : .
oo Co R DR SR N _ Lo : SR "
. v [ . ' _ ' [ _ H | ’ k
. : : ' : . 1 H . . { A n — ; m. 4 .
| A O zpv g m,m - _r U T (T SO o
— U ' S IR L ! H nN PR | o o L -
y o= = . GM o | O T . -
PR FERURURE R E NN R :
. . 4 | I . .. - B - —_— oy 4 (RS SN . ,.,
S R e R S RN I R R R RN w
, oL Dol i | . : ' i t 4t i ‘
Borrg e g e DR LY >
- i w 1 - n H m .m-.hu_ — . —? m i ' E. e * .m _
R -+ - —1- S Ko Ve e e R R s R - - .- ' r - . ..
oLt -t R .- OO TOR N - o ' i
A m MIH I B S T B R ._-.. w A ~ $ u:.-lbl_ | 3\ .
q el ey SNSRI o
PR N— R R U R OO Y NV PO AR S U I i .%..l. o ! . !
. : : . : . L] - L | v : i o
o m —— lm.x...ip.xur -~ ;.w!r.- - B R .l._ ". e i SR S "
g1 b ] i) o

o SOUPIOTN BN W |
BH BT AEEN B sl

21 1Y T A I A NSV
]
!

Impregnation
i
i
L
i
! 1
raargrat, Tt
B THRR —.-.-;. R
: R :“,": oo Lo
! FE TR R
=L
i-
{
]
e
f
i
=
b o4
|
i
SEN PO S S U
!
i
PONENINS JPS SO |
'

300 f !




=5

FIGURE 8

tion cycle)

th foma

+

A

?14.(4

-

:
H
t

Fou . L

L]

- 80%C
A4,5-2

.
H
’

"
-
e

temperature

4
!

- m— e
!

‘ALCOHOL

|

4

cm—

RS (DI SN JOU pu

.
.
o eosmmer . s

o
Tl T S —
. N

H ‘e
. B
- .. 14-. e
T Bt
b i
1. v o
) H ' R
N I :
i 1

T T

[}

a
el - -

'

TTVTFRT
[

bole o O

T

=y
1
e I
i
KRS O
AR B
S N
U S
: _ :

m

i

Refererce Chemiéal

Aation

i it nse e e e

e

.

—~—
—
—<

e

tion

.

N

* Impregna

[0

1

5

(our

‘

' 3 :

T T GRIGINAL PRGE 19

B2uCi . HOSMNYD “tYdtvd § 3
g —

PR TR

OF POOR QUALITY

-hd-

140




R

e -
r“,‘A N <

- ——- 4TH FORMATION CYCLE

T |
i 1

P !
——— e

) ‘IMPRENATION

50
fo°c
45.2

[ aaéoror
fem pé ratvre

— - ankt
Yle'ld ; - ' -
E_Q/A ’ : O SN W SV
@oul o

[] 1T,

. ‘. )
. .l .
. B T
A A '
. . . N
v N
e — — e ——— ——— - - - -
v
. 1

. FIQRE 8= -

ORIGINAL PAGE 1g
‘OF POOR QuaLiTY

- T e e e - ¢ - —

- . -
—— ee e ——— e ——

Referemnce chemical mpregn
standard Ni-H2

- - N e
N »
- - - .
- .,
&
- - - - e ————
CY
- - ————
-
-~

*.*

- ji3-

LS a0




—

O B T

b

A i = e Bt S et —
——

—_—

P mmmz YIEID (4TH FORI"ATIG‘I CYCI.E)

___..... -
—— e + = A s

poimom anbomn

-;————- mpamnon

_—— i e — bmen

Alcohol ‘
+o.m ju'ra fure

T OXDITIONS
LT Em

pamm— e -
_;...;‘“. ~— e ot bm——
ek -3 :
S :
8 ¥
; i
i - _ —— e

- 507
g0°¢c
3.3,5

63 L

I‘--' - . g ' C e - e e e e

ORIG!! QAL PACE 18
OF POOR QUM—‘TY

+
4

5°ﬂlnl¢lﬂ‘.

F5mA/om?®.
S5 ﬂH/m"

- —

H

»

- e — o —
B .

'

e Reference chemical impregnation

e R . Standard Ni-H2

R o . : Eaty

A N (S — . e

- _ . — . . S e —
i 4¥ Iy 3" IR

I - i Time (hours) -

142

- ,'“-.

e AR s T e e e

it alh e oo BB s

- 2T

L

LA



FIGURES 9

ELBCTRODE THICKNESS INCREASE AFTER FORMATION

(% Initial Thickness oi Sintering)

e

143




e e e T SN et D e T
1 e .\FIQEE 9.1

. swelling 'T\ SWELLING OF FORMED ELECTRODES \jf\
S \
. 18
ORIGINAL PAGE
] oF POOR QUALITY .
A\ ‘
N \ ’
0.
Reference Chemical Impregnation
: Standard Ni-H2
90

U . ]

~{o |
1‘ ) .
- 40 15 Pilling ﬁr)
& 5
Impregmation Conditions _ :
144 Alcohol 0 / PH A5-2
Temperature : 93.0. [N;*C,J 2 MIL

- k-

e e ot R

A R R R




e e | — F\ ure o .
SWELLING OF FORMED ELECTRODES FI(?JRE 9.2
. IMPREGNATION CONDITIONS: :

ALCOHOL ' ZOZ

. A temperature gL'C
Swellts‘j H 4,5.2
Nr+ ag.} 2 Ml&

ORIG’NAL PAC® 19
OF POOR QuaLTy

- Reference Chemical Impregnation
Standard Ni-H2
0
'
i
4o . -

Filling AP

145

- 17



e —

146

'-‘“—%__L%

SWELLING .
oF IMPREGNATION CONDITIONS: v .Y
Formed :
Elxmes AILCOHOL : 5 0 .Io
temperature go'c
A H 4,5-2
() ﬁf + Cg) 2M(L

. R
ORIGIiNAL PALS |
OF POOR QUALITY

thmc b
FIGURE 9.3

Jo. Reference chemical impregnation
Standard Ni-H2 )
<20 «
Ao.
L4 1 2 S )
4o 4s Filling .(M’
|
(5/ x"“)

- 18-



— SYELLING .
- CF

(%Y
~

E 9-4

Fl avie

FI

I

IMPREGNATION CONDITIONS:

L . .
ES

‘Swelling A .

Alcohol:

50/,
50'C
A5.2

Temperatore

H
B [gheoj 2M(L
ON I |
. “ ORIGINAL PAGT 18
- a OF POOR QUALITY
-~ 30} Refereme. Chemical _jiupreanat.:iog _
Standard Ni-H2 .
——.-;'""".'ao h - - __-:
B | T
T o il el
— ] : .%‘/ - =
e A oo o° T
C . - ¢ /
. / . { .
- - 4o 45

- 19 -



f"{sécrc 9,5

FIGURE 9.5
aF
. IMPREGNATION C(NDITIONS‘
ELECTRODES Alcohol: 10/
Swelling A +6M Fe. f‘a.'h.’ re 80 .C
pH 4.5.2
(%) CN:' + C’cJ ML
ooy ™R ?'\”:{‘. i3
oF POOR QUALiw
30}
Reference - Chemical Impregnation
Standard Ni-H2
u 2
Aot
.._.._.._.-._..,'-_ _ . .- -
a0
|
b4
L
L*A:A ] \‘
40 AS Filling

148

- 120 -

4p (9IJ~’-)



S EE e S TIAMEEEE 40 TR e ams .

v ——————— s g, | sttt e

-

T TTTSWELLING T
—_— R
—m.FORMED .. ... .

- -

“IMPREGNATION CONDITIONS .

507/

ALCOHIL

Fl'gure. 9.6

" FIGURE 9.6

tem Pém'h) re go’c
(4 H A5-2
Y I & ) 3nmL :
N o 'ORIGINAL PAGE 19
LT OF POOR QUALITY,
— ---. 361 - e - *
Reference - Chemical Impreqgpation
—-— - —_ - Standard Ni-H2
S R _ »
SUSIEIES B A -
———— .A_?..- -_- . o !
———— - - ' e -—
/
- 0. e, oo —-
i .:- - :..- —"‘ o 'o FY ) - e o e
+ .
_ - ° - :
- , - '




~

— e

S

-

L —

- . ——— .

.. SWELLING OF

" FORED . ' IMPREGNATION CONDITIONS: '

T EDBCIROOES mi . '

e e b Aloohol | .50,

RS * ‘h_mpcra.fv e 80°'c
SweI1ing T pH | 3.3.5

‘ e 5[.‘&0; 2 ML

. e .. . .

e - ORIGINAL PAGE IS
il BRI - OF POOR QUALITY .
_ised il
e Reference - Chemical Impregnation

—e e e Standard Ni-H2 ot
e i _'
Sy .- _

o e . e

——fed .
o - .
T L
] = - - - m———
e : Lo}
l-.‘ : ‘? - .:. . e ;‘
- ' ve o
-- - - o i
o/s -
. /A :
4o 45 I Fill{ :

150

>
o
oo
~
<
]

-l22 -



SUMMARY CURVES

151



- - . - Figure 40

——

. .CHEMICAL IMPREGNATION - FORMATION OF Ni-H2 and VO TYPE PLATES -
-, CAPACITY VARIATION DURING THE FORMATION CYCLES

PR

Capacities

/ ; ORIGINAL PAGE i9
‘WH) OF POOR QUALITY

I
N o
P

impregnatad -
] NcH,

5: impreapat-iony.
" Under, egnabed

o

"*, 4

[.. ) === = =~ 7 standard Vp i
* ]

- L —-m— |
- - -~ : i

L .P/ :
3 + .

- ' '
| 1
- ‘ i

'

= t
. |
3. ‘

B i
|

[ ] I
| i

e
1
e s e ot o o e i et e -

. ¥ d v 4; -
E 1 2 3 4 Orle No.
- 124"
152

.
- re = it ol A o oA -




———y

-1

L -
|- HE :
é"‘:‘ r -

i e e -
"

i

. —— . e

i

L. o Filling
AP A .

. N TETIIN OF ME ELCTRONES

T
; .t

IMPACT OF THE ALCOHOL CONTENT

Gere L

I'IGURE 11

e

Loe i

RIG!NAL PAGE 8- ~
OF POOR QU"\‘-“"r |

te .; i ‘M‘)

oy U 484 ..o Jasoq.,njm‘
— ; . N B e e TSSO
f_..r_.‘i.....—. a;.—. ‘.

Quantity o1 Electml@is |

Current . PR

A + 54oc un®
J,

- 6 F2 v __

T

. S -
-~ - - _‘

-

s - em

e e m— ——
- - e e—————

o)l __1

- - . .- ;.._- — -
- - - e -
1]
- = :
M I ] I ’
- ——— e = ‘ Seo
. a N~

._;______-- d- 35«3[«-»"

.
[P
. L
‘--_l
- - e - - ——— — .
N JRS
Ix 1 PR}
L AR
‘ vom !
- - ! cm—
o,
[
- —— &
" ”
- ermrer anw L
. []
. i

1
!
—

i
|
.

P

- ——

|
'
]
]
1
Jl.
125 PAICHS CANSON

4002 153 .



l'; _
|
i

-~... IMPACT OF THE ALCOHOL CONTENT ON

- THE CAPACITIES (4th FORMATION CYCLE)

. -Cépacn.tles (4th cycle)
- (Akldm‘)i

Fl'gurc A

=~ 1

- _,'_ d=50mAfem®

e .;.._';;.’!._. S S,

. *
-
'

IR LT VT S T
ST TR :

’ <

Quantxtles of Electrolysis
Current E_'—

-+ 520 C fem®
A (30 «
) uo v

LEEER R T - - >i
e et
. N ’

!

4ee% Alcohol ...

-— ‘--.———q'

ceemellieg

e ——— e ca— ——
i

ORIGINAL PAGE Is
OF POOR QUALITY

——— ..1

- - -4__.1‘

49°% Alcohol

S e i e e et o

S A
A
S e —_d

D CAFILKRS CAN‘_ON Frange



————y
[

| &

*.'L(‘fb ‘_é

— Y .

ield (Q4P)

ORIGINAL PAGE I8

B e ]
1

Ly,
; ] OF POOR QUALITY
P
350,
i
300.
| @ <207 Alcoh. 94°c .
| 4 50% Alcoh.-Pe%c !
i 4+ 50% alcoh-50°C g
X % Alcoh.®oc '
]
B |
s > |
10 S >
4§ Filling”~ @p
("/d~»‘)’
- /21~
155



N
....zéo s

b
._ )

- A

ORIGINAL: PAGE 19

-OF -p"ooquuALlTY., .

1

!
e

ST T
S

. . :
| .o
._ . » . _ w

coﬁsmmun_ﬁ Hwod_ﬂo
0URID IO
m »

-k ‘on

[ OLE

I.z

'S INAIDIAIICO OTHIAWIHDEOLS FHL “.

N
g oen

" OSE

- of%

40 NOLIONQA ¥ SY QI4TH BIVNGAH HI dO NOLLVLMA A_A\

)

ITE HOSHYTD SdTi4vg § 10
T

T g et e e 4 e e - o
-

S S R Y N
s
e e



- e -

Fl’\x;: ij

IMPACT OF THE IMPREGNATION CONDITIONS ON FIGURE 15

THE COBALT CONTENT IN THE PLATES,

OR'GINAL PACE 18

Co Content.-iry/\

OF .POOR Qi vy

- A - Dmpact of Alcohol and of the Electrolysis Current Rensities

e -

L‘z&e)s' 3 i
+ - ""k
'HF{% N >7a
. ’ - o4 \
E—— . . : A ) ?
Bo At :
' ' siIN ~ ~ ~ <  ~ ~~ _\ Chemical Refererr:e:.
? Solution NieCo = 2M[L
Y 5% Co !
S pH A5-2 o
3 =) |
' 0 20 So 0 Alcohol content (7 !
| 39 (%o (80%c)  (8o%c) a
Co'content . . . |
in plat £ /T‘ -B- :Elpact of Co content in the impregnation bath‘._‘

= )

Uy )

50% Alcoho] Solution !

. m————

PH :4,5.2 .
PH = 3.3,5 !
!
+Sa%_ Alcohol Chemical Reférerx:e
Insss .
]
v L] L L) =
Co content in ....g.. (")
X solution Nt -
- 129 157

- ————



| od . .
CAPACITY VARTATIONS OF
ELECTRCDES DURING CYCLING

(A ORIGINAL, PACE 1S ,

: ( I OF POOR QUALITY Reference of

: sample .

f :ts-ﬁ ,

j B N v i
4 ,r——“.‘-:"’ T Y

- e ® -—
— o - [® P - - -

I
: ' P
' PE
I ; §
: 2 J ;
i N i 3
! !
: .
: b
Lo
' roo.
—e_-— o ——————— i
A — = :
L_""" 1 -t L :
! o
; I
' '
|
Lo -
!
|
I
! -
e e .. O y ~ ,

v . e
°5 50 Number of cycles . .
! :

158

- ]3¢ -




s - " .|l| s = o e .,
WHgU uo g . - i mer e b . .1 ——

otoore T sow.“”u - . S .;O,O%.-.!.: -...I{wt e e v, Tl

(€ *3921) Toyoore [
NOR MBS TT TeoTgy = —

-

7 4 ou.doﬂv gm\ﬂg% 4~ e~
TeOTURYD 2h-TN
EE@E}W@%
——(22TT 3°1) Tayoore
INARTM Uor3 BrbaaduT
TeONRyooRoory < et

S

¥y sauemzea)
Cﬁggﬂn TeoTwxo
PO-TN pxepueyc 4
(vz wﬁmuwwwmv .

CH~TN PISpUE]s —ese-fusemmmmm
: ‘a [P € e n

\

- 0

. ‘.
v .
I
{
)
)
e
- S —— e b,

s : ’ ; , ‘.

. . . i ‘ , -~ .—
| @y - _. ‘ l : oy

' . ! : ~

| #a m o n_ _m

: “l D ! i : :

; e O : P .
m 2 i n . m of,

g =8 j . !

S : ;

- .:.56_.& W u ; !

i .i-o;.n.n..w e e L —— o b :
O . S B : ! S Sk

159

- 13/-



n‘ o S T ) bv ) ‘F\%L‘"_ 43
? | ; FIGURE 18
i ELECTRODE THICKNFSS VARIATION .

AS A FUNCTION OF THE FILLING PROCESS

(P

i |
‘ ORIGINAL PAGE 1g

= | | OF POOR QuALITY
| TMPREGNATION QONDITIONS:
L.+ 0% Alcoh, 91°¢c

8%
es0% ~

84°¢c
So*¢
so0°¢

; bSo%

- 4o . R o} i _ ..-é.
L R |
. . | |

- ! i | | sepan

! EEER NS it ma

:

{
| P
. N ! !
“ M .» H X ; i
Ao g T i
- | R ‘
] . i I
3o } Lo
; i
: ! :
-
¢ ) ! 1 !
- S R - —
4o J ! o i
2 ! tod ' ‘
! ‘ i :
I l
i 1
! : :
) .
o = | Filling
. B 5 45 | P AP (,/J..T)

160




' FIGRE 19
. ——— -— |
: ' THICKNESS VARTATION OF ELECTRODES
- AS A FUNCTION OF THE ENERGY LEVEL
- i ) . 1
. ORIGINAL PAGE IS :
4‘ , * OF POOR QUALITY S .
GonRemal] X : ; 3 '
) | o |
. , i |
ﬂ i i : ; ;
. ' ; i : . !
| | : : o ¥
H o o -+ 0% AlcohoNgec. Lo O T
| |- . ©:30% * - Sosc | P R
— ‘.. o — e w8150, ¥ g0°C - - e R T
o . | ceo "'30111 8°c A Hiife ol
! ‘ AR o o
- LP—--— C— ’ ;. l o
- Li ':A , A\ . 1} _.r . | H . o
o . :
J e Reference - 100% ¢
. V.
g L
] | |
1. i f -
i | ;
i 2 :
i ; I
. ; . !
i * r
! | i 3
. '
e
~|
t
%

16l

Capacities
(AN/d




| .. ELECTRODE FILLING PROCESS (TYPE Ni-Cd) Fig. 0.1 |
' . FIG. 20.1

R IMPREGNATION CONDITIONS o

. ~ ORIGINAL PAGE IS Y

Filling - . femperature 80'c '

| Ap : . H A5.2 |

(s'ldm‘)j . M+ COJ 2 M/& :

E . [ B ’ + somA/m‘ i

! Current density 44 75 Mﬂ/"": '

é_.—-——. o- - e mra se -—‘- - - ) . o 95 mh,dm - .

! ' during electrolysis !

‘ : . ~—————— “Prior to formation :

! } ' .

Q 48 ; - o —=a- after formation .. ‘

; | E

- :

n ) |

i' .

L somAlem® . . ) -_.._?

i

|

t

E

N

!

I

1

1

Impregration time
(hours)

=134 - - 163

T T B e R b« ot s S . ORI,

.

P

T,

- II" ndll it Al A o B - . L .



' —EILLING OF Nj=Cd TYPE ELECTRODES Fig.20.2.

FIG. 20,2

:I_.-,__ e e IMPREGNATION CONDITIONS

RIGINAL PAGE 19 . vy _,.
8F POOR QUALITY e Alcohnl 50 L

. Mrcmfu re 20°C .

d45-2 |

g R o
N | . [N, R c9] 3 Ml

— Before formation

. 45 . Y eeeca- After formation i

|
!
!
1

- — e — . e e oy i e e e oy g <
: . . t*
: t '
. +

v

Impregnation time
(rnurs)\

le4 - 135 -

R - o e —_— - R S S S o—

. ‘s ald A - AL - N




Fig /1.1,

Fig 21.1
C dth ?ormtion;cycle' ,)

CAPACITY CF Ni-Cd Type ELECTRODES (4th formation cycle)

IMPREGNATION CONDITIONS

« Alcohol 507,
Capacity . Temperature 80°C
;T ORIGINAL PAGE 18 . pH 45.2
(Aldnt OF POOR QUALITY i 0 2mfe
5.
4,
Chemical impregnation reference
+ Somh o type Ni-Cd
3 -~ t
y a
o ¢ s a
’ , [}
’ / /
/
7 7
2. /,/ /
27 7
77 /
777
2’7
4. 777
7%/
VY,
V24
¥
4 _"! L § z'! L 3v! T '“ __>
Impregnation time (hours)
165
- /% .

e g iy —w oy g

e W T '.—" . b-’,— >,

g ———




IR -K I k)

{
!
!
m

Ei
{

L

21.2.

[

o g —— . Sty et

19:
FIG 21.2

(B
1
-
k)
-
-

50% |

vre 80°C {

ST AS.2 ]

¢

- BM |

. -
-l

|
o i
cev e o b i
T L :
!
r-

LRGN »
-

: ', el

—

Impreanation reference

- e -

m
] .
| 1 g m Sty Lo
SR P a. .Fu SR S NS
| [ m 15 m x X ; o w
_ Do =~ e :
g IR SRR
- .m - v .... m t.lm . “ .w. m ”
cop=o R - : o
! a . . T . ¢ . fow &
! : i [ : Yo codo
| U S U U NI SRS B it .
3 AU T B M O R R
: e : o 4 o B !
m AL RN I “ Em .
. B . ’ Do ot ! . gs
- yoeoy T T ) IR i &3
t m . 2] _ s- ..uw. m S H : e
: S i i Hx
il B R Tt T R ) 23
. . LI ) : 5 -~ - 4] Z
3 AR : v se
| S S P IO i ;&
I “ P ; | ;08
e T S adt -
i I S e L o y T
: 5 E ] S booeg - .
o [Enr I it
i L ' ““....w.. i —«J«. S L i '
\ mm-lirjr..wl- m. " ‘- m m “ I .... o _ )
B ey SRR Il e T
_ Y .“ m ' ] H 1 ' _ !
. hl“v 4 ..lc ‘ °
e N RN AR
O N oo _ | .

P R e

I

7




"_‘ ":'"' .= E- &2. i vﬂ
B . o P s
"1™ ' CAPACTTY VARIATION DURTNG FORMA ezl
bo TION CF N.t-d) ]
_T___ ‘ type ELEL‘I‘RG)ESI {
A A I ! | o 3
NN "T77T 7 _ IMPREGNATION CONDITIONS
- DA T R y - ) ¢
LR WP S ‘ . - . Y
, oL i w1 ]t oRIGINAL PAGE‘.:_?{ o Alobol . ! 809 |2
—_ SRR :::'1-':'_. ‘ ﬁPOOR QUAL »
R : l S D ' l ' TGM"M+U"4‘ so Cn pt

LTI Wr s e s e g o s m——— e PO \ . . e wt . ..

_ . o LR L e pH i AR

R .- AR N,*cg .L-.,z,m(_
.... L e e ..: t —:“-:;--.. -.-{ --—-J ..-.a—!r—- —'
3 . L. L , —
, . S SRR

. —— o e I

—— ‘. t.. ciee -".:a-—-.

- - - —-— - ---.z.. . - .._._;-‘_——

- ;. o i _ I

L S IEE RS E Chemical zmpregmtion reference

i s L T %\,n Ni-0k,

- co P T R . smple referer'ce
’ . 4‘_ 3342 —_—
|

RSP i e g T S e B = ~ -




T SME) G NidYdg i)

AP
o
. z :
- : R —m i . . |
. ! _ _ S o m siee 1]
[ p [ D T~ I L WA U SUSFTINN EECISSR SN !
) u m

Py

LIS

—

{ IMPREGNATION OONDITIONS

Y
H
i
.
:

507,

80°C -
A45-2

|
L
I

S.

H
' 4

(i Temperatvre

Alcohol

+

]
v oa
.
.

3MiL

S R ST S I,

—

e A e e - w— e ae . aa

s

+

i'-'.;

———

4 eeme e semmy
-

=y

- as g wng

.. Sample referexce

s ol a -mem
or - 8
. - P

cee eelm
Lt el
- ot ey

-

cal irnpregrati&; referencd

1

e TP S

3223

m—y e et e —— S e - - —— = % ow

. .. _ CAPACITY VARIATION DURING FORMATION CF Ni-Cd TYPE ELECTPCDES

X
{
. T
us 5
&4 - I ]
. 1 -.N-R, 1 ¥ ..” " u
ERES ) \
5% ]
i o
|
|



A " —————- > — ~—

|

' THICKNESS VARIATION OF Ni-Cd TYPE ELECTRODES AS A

YD - ldey

ER)

§ - -

4 =

™, - '
2—‘ 2
] . ..
: . . B
P S
e ERRER e
. . F L
% 1 : ]l
- _ R
A
———de SR S

I SO

POOR QUALITY

;
b

. QBIGINAL PAGE 1§
OF:

O ".L_
J

T
S

t

. Impregnation Bath

SRR E

-— — < adbors +

L il




' ti
CGQROSIQ\I CONTROL (Ff THE SINTERED SUPPORT AS A FUNCI‘I(N

--—F

S—

. <4
—_—

24}

| OF THE IMMERSION TIME IN THE IMPREGNATION BATH PRIOR TO ELECTROLYSIS

o
. l—a ] 4_.
A o . ORIGINAL PAGE IS . S |z
DT T TOPROOR QUANTY © T e o
R S S ' U ISR
‘..AE. - 5.‘_:.:_&,.-..; -i-.- oo ' BATH COMPOSOTION . . - ‘t — .._ .Jj

Wt of Corroded ...,_ L . S l- i

i e . B

+ ZOZ alcohol [NN ca

Aso/ "
-1 080)

”
L4

. 50/ n ™
‘o _._:_.._‘_.__.‘. -.é_'; -_—r—f _T._._- ————m e e e f.

2 Mt
2 Mie ,
3 HIL P —

R -_/ - /




L

LERRR % = - T . Ly ¥ IR R e Gy o T e e .
CAER T[T A ;miiﬁﬂuﬂi T T ..s..ﬁu!l i o & CRTT
’ ' N ) . .. . ° 4

15NV T NOSNVYDY CSHIldyd §31

R R B A N

NSRS S §

————— et —

P SO I BN,
i I o I B

.t
i

e — e maah. .

. .

. e— — - ———— + —— ., .
. $e hoe —

J

oo)

4

b
_PORJANS POIRUTS

UOTINTOA UOTINTOS
S S I

LL/9T9 S¥S/1a I30dag
seponioeTe adhy zH-IN FO uorieubeadur

(2) A3Toeded
TeTiTutT
Jo uorjorig

| oINS POTOIUTS °

s meb o b
w

i
yaM HIVg

B N TEE CLPCI CX WS VR I LI [ OTE i
o .

-

Percm v emes




AL AR LS - - L Le RN BN B |
. v . =

I

ORIGINAL PAGE

. .
[
— R
| t w
i oy
. B

.

U
i

' : A
t ’ L
i

OF POOR QUALITY" "™~

. i : :
' :
[ : .
i '

P4y 8¢ e

- 143-

peo3eubaxdur

ATrepTus) - prepueds .
Pl o N f . ) ..
e L .i._c o.\. A .
S k S ]

: i
- s . I P . - : _ s [ ' L
! .. _ , m-.w_ _ . _ ! , L m...,m....w .. !
- . !

_ :
P *m."... . T....... . P . “

Sl DR S . -2
| I : 1 . o
| [ |

r
e o e s m— a2
L

]
-

w-.“.a..ié N..\.rw'ﬁ. B At oo s

|

! !
“,l‘wt. - 7:.“1... . ..lm. ’ & — .yv R _ o _
: ! RPN S

_. i

|

|

[

|
SERE B soTatoede) eowem@Ioy SousreIey - i, o m
S IR A R
= I&_ - .U.mm..ﬂ TOHCOTY .NO.” 2 NOLLUNOGNAWI

L e ONITOAD ONTMN( SEASSANNOTAL JCONIOTIE 40 NOIINISUA — |

P !
Mleg .ot

g
+
R EES R LT
‘.. Tt e -

R T & |
—e
+ - ‘. :
. S
1 Y

|
[ FERRRNS S S EONPY SN S S S LESLAPS NS S S .
) B e S U U] 1T F SR W

172




Fig.?
FILLING AND CAPACITY (4th formation cycle) M3 —

CHARACTERISTICS QF ELECTRODES D’IPREBNATED IN THE PRESENCE OF

P : AN SURFACE-ACTIVE AGENT.

- L. T T ) : '
L v i s S oR|G|NAL PAGE 19
T T T D’[PREENA’I‘I(N CONDITIONS ‘ OF 'POOR. QUALITY

—— e . - . eeems

= ——ia e e i :f ' v

Lot .
- Fil_ling 4\ ki .;.uTem’vcrafun s80°C . .. . ¢
= lAP e e pH CA§.D e el

- f(}’dn‘) . ::;__ WisC] 2me .

Y B

-..,-...: .

g;;;:,;y

ot 45 .__mactrolysztg_ "Ctirent density s SomAlem® __ . _| _. .._'

-—.._"_'_l
= T

B e |

—— e —

Li R

Additive content

14y - 173




174

APPENDICES

. . ————

e e e e



POSITIVE Ni-Cd ELECTRODES APPENDIX 1
ORIGINAL PAGE IS (Iype YR 6 FS)
OF POOR QUALITY |

Camarison of chemjcal and electrochemcial impregnation

Impregnation by
chemical process
(6 cycles)

Befo. 2 cycling After cycling

Before cweling

Impregnation by
electrochemical
process

' \,l‘;‘;:ﬂi". ,
- 146 - L after cycling

175

@ AW ETTR e



APPENDIX 2

ORIGINAL PAGE 1S
OF POOR QUALITY

UNITARY PATTERN OF Ni (OH), SHOWING THE
HEXAGONAL SYMMETRY P3ml.

OXYGEN

NICKEL
HYDROGEN

el £ 3¢ K3

‘gt sl S o B . - "8 L




- APPENDIX 3

FABRICATION AND CONTROL DIAGRAM

. -3 Mass of perforated nickel sheet
ORIGINAL PAGE 19 § ) ‘f’otre?:ig.tt}i'1 (real ard ible)
AL'TY - I’O es r access e
OF POOR QU ( - Weighing
«——e——3»)} = Thickness
( -

Positive capacity of sintering

‘ mrface
i b:eatmmt

. |
= Positive capacity of sintering

r Y

Electrocl'ﬂmcal
Cleaning ) - Appearance
(- Weighing
) = Thickness
(- Quantity of active Ni+Co
L ~————————3 ) - Cobalt content
( -

Corroded nickel

FORIMAT ION — = Capacities

( - Appearance
Y - Thickness

177




.
f ORIGINAL PAGE IS

N OF POOR QUALITY

,’ .

i DIAGRAM (F THE ELECTROLYSIS CIRCUIT
|

{

.

!t

!

i

_ Alcohol O |

_ o=Tro

- Thermostat: Bath

- 149 -

APPENDIX 4



ORIGINAL PAGE 1S
OF POOR QUALITY —_—
APPENDIX 5

PHOTOGRAPHY OF THE STUDY AND ELECTROCHEMICAL
IMPREGNATION INSTALLATION

o !50 - 179



180

PHOTOGRAPHY OF ™ME ELECTRODE SUPPORT

sm y\ '..j
it AL PAGE |

) POOR QUALITY

- 151 -

Apperdix (




—
o
W b
F
£3
-
=3
<
o & .
e
)
: 3 : : : t ,..
: $‘t-¢ ~—+—— (08) ——+ (05) —* S —t c
s H H : $ : t
: 1 : : : : h
. H H S H Y

. “ .

: Z-§'L —T(0§) (0s) — £'c — € \
: : : H .t :

: ' . pozmdo , peztwRd : .
- : oL

: : : : ] o
0£9 ——+—05 : : : -
1] 29 v 5€ + o9 + : i ~

H H H ]

” oy — 05 : : S

0£9 — ;02 : : :

: 0e H . F4 N L
_— vo — ; A
Illlon H ! ;q ..,

— Z-5°1 86 t o

: s o

oy : X TS (4 p/erom &t ,
hwcdw o | SH uT um . pd, oTHemds}  3Umjuco ;  Iumyes ”H\ oolm%%mr
gﬁ% achux uo Ty euboadur . TOHOOTVY . , UOT3 exnjussuc)

v—

JuBUREeX, UOTAONPSI I93 Je
1z ‘ou dousIezay - burxsqurs odXy ZH-TN

SNOLLIANOD NOLLUNOGRKIWI JHL JO JFONIIIANT

NOT TR T RO F T
. xa OOUL X L



Apperdix 11

S 90 00 00 06 00 08 00 S0 G5 25 08 S0 Se 48 e

ORIGINAL PAGE 18
OF POOR QUALITY

‘et al B ar o B -

: 1 : 3 T : : .
0Z¢ T T80 Uz : 2 : : : i
H H H H :
3 s \3 ‘P H 3 3 3 1
0ys T seuL W S8 -——t——¢’'¢c : € 1 200 105
H | § H H H H H
0zL —T— 00 Uz : : : : : :
$ 3 H : H 3
o€ : O N t : : : :
ovs Y z — §¢ —s—¢g'c 3 € : It to0s ¢
3 L 38 3 3 H . H
02l —t————— s : : 3 t : :
—_— : : : : :
0€9 ' . /AO€ VE / : : : ! :
ovs T ye - 05 —T ¢’ : € : 2,00 ! 05 : Z-s°
3 3 ] H H H H
3 1 : T T : :
1 :
o ——se . . “ ”
0 — v/, 05 Vi L4 S8 L4 S ' Z : J U8 ] % 0S ! N
t : s 3 : : t 3
0L ——r—,00 W s : t 3 1 : .
o8 — 0z uz VH ¢ : s X z : 2.0 ros
| 4  § 3 H H 4
09 —+——,0¢ yg —+—"" gy —+——3 : z : 3,08 @ tos ! N-m;
g 3 3 ! t 1 3 !
t 3 t 1 T 1 :
(T/a1on)
: 3 t Y t : IUSQUOD 3
(2uo/0) s (Zwo/u) g (%) oryeRussuc. axmends] TOOTY hd
fHruendb nmgwo aurry Kysusp , WD © O+ : :
UMD uoTy euboxdarr uD1In)
“ ” 3 “ Yaeg uoryeubeadug
AREI R - &rsarog -
Z0°0 + W §L°Q 1SSADPTY DUTINUTS -  pPI-§N 8dAL
NOITROTIANT, TOTRIROORL T 1 S

i \ . ' i . ' ) { i { !
. N " 13

Sl



" DISTILIATION CURVE GF A WATER-ALCOWOL MIXTURE = -, WIX 8-

cme— s = - - s apams e

L ;__-4_._chré§¢ﬂﬁre . S . .._.--.Tcm'anfurc

- .__;_.(' A hm&d”lﬂ.s ____.._‘___.-:
- dod x oL R doe%c ... .

;.;fE SO + 2% »
R A Se% *
v 4; N N . @ 70.‘ 4

SN - e 98 e
e el e . -oRGINAL PAGEN /L
e OF POOR QUALITY --

-

S e RS CANSOH [ rance

> e



SURFACE
b ri————

184

. APPENDIX 9

ORIGINAL PAGE 19
OF POOR QUALITY
TNSIQN

1, "N * emse——

30 .

o SURFACE'IENSIQ\IOFAW\TERNID@LMIX‘I’URE

W so°c ~
4o .
0 20 ye ¢o %o
400 8o ‘0 4’ ao

= 15%-

400% Ethylic alcohol
0% water

p—— - — - -+ .




B

APPENDIX 10

Control of the Alcolpl Content in the

Impregnation Bath

v
AL PAGE
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N(vay), = 553¢/1
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density * Number of drops
{ =surface tension)
Iw
4300, L 260
4250 . | 200
<4300 _ | 150
4450 _ L o0
%o 50' 3" 2'0 °% Alcchol

- isg. ‘ 185



ORIGINAL PAGE 18
OF POOR QUALITY
; APPENDIX 12

STRUCTURE OF THE NICKEL SINTERING PRRIOR TO IMPREGNATION
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OF POOR QuUALIY APPENDIX 13

STRUCTURE OF THE ELECTROCHEMICALLY IMPREGNATED SINTERING
(N1-H2 type positive Electrode)
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