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FOREWORD

The detailed, descriptive information in this book is based on U.S. patents, issued
since January 1978, that deal with primary electrochemiqal cell technplogy. This
title contains new developments since our previous title Primary Batteries.

This book is a data-based publication,. providing information retrieved and made
available from the U.S.' patent literature. It thus serves a double purpose in that it
supplies detailed technical information and can be used as a guide to the patent
literature in this field. By indicating all the information that is significant, and
eliminating legal jargon and juristic phraseology, this book presents an advanced
commercially oriented review of recent developments in the field of primary
batteries.

The U.S. patent literature is the largest and most comprehensive collection of
technical information in the world. There is more practical, commercial, timely
process information’ assembled here than is available from any other source. The
technical information obtained from a patent is extremely reliable and compre-
hensive; sufficient information must be included to avoid rejection for "insuffi-
cient disclosure." These patents include practically all of those issued on the sub-
ject in the United States during the period under review: there has been no bias
in the selection of patents for inclusion.

The patent literature covers a substantial amount of information not available in
the journal literature. The patent literature is a prime source of basic commer-
cially useful information. This information is overlooked by those who rely pri-
marily on the periodical journal literature. It is realized that there is a lag be-
tween a patent application on a new process development and the granting of a
patent, but it is felt that this may roughly parallel or even anticipate the lag in
putting that development into commercial practice.

Many of these patents are being utilized commercially. Whether used or not, they
offer opportunities for technological transfer. Alsc, a major purpose of this book
is to describe the number of technical possibilities available, which may open up
profitable areas of research and development. The information contained in this
book will allow you to establish a sound background before launching into re-
search in this field. .

Advanced composition and production methods developed by Noyes Data are em-
ployed to bring these durably bound books to you in a minimum of time. Spe-
cial techniques are used to close the gap between "manuscript” and "completed
book."” Industrial technology is progressing so rapidly that time-honored, con-
ventional typesetting, binding and shipping methods are no longer suitable.
We have bypassed the delays in the conventional book publishing cycle and pro-
vide the user with an effective and convenient means of reviewing up-to-date
information in depth.

The table of contents is organized in such a way as to serve as a subject index.
Other indexes by company, inventor and patent number help in providing easy
access to the information contained in this book.
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16 Reasons Why the U.S. Patent Office Literature Is Important to You

The U.S. patent literature is the largest and most comprehensive collectiqn
of technical information in the world. There is more practical commercial
process information assembled here than is available from any other source.
Most important technological advances are described in the patent litera-

ture.

The technical information obtained from the patent literature is extrem}ely
comprehensive; sufficient information must be included to avoid rejection
for "insufficient disclosure."

The patent literature is a prime source of basic commercially utilizable in-
formation. This information is overlooked by those who rely primarily on
the periodical journal literature.

An important feature of the patent literature is that it can serve to avoid
duplication of research and development.

Patents, unlike periodical literature, are bound by definition ta contain new
information, data and ideas.

It can serve as a source of new ideas in a different but related field, and
may be outside the patent protection offered the original invention.

Since claims are narrowly defined, much valuable information .is included
that may be outside the legal protection afforded by the claims.

Patents discuss the difficulties associated with previous research, develop-
ment or production techniques, and offer a specific method of overcoming
problems. This gives clues to current process information that has not been
published in periodicals or books.

Can aid in process design by providing a selection of alternate techniques.
A powerful research and engineering tool.

Obtain licenses~many U.S. chemigal patents have not been developed com-
mercially.

Patents provide an excellent starting point for the next investigator.

Frequently, innovations derived from research are first disclosed in the pat-
ent literature, prior to coverage in the periodical literature.

Patents offer a most valuable method of keeping abreast of latest technol-
ogies, serving an individual's own "current awareness" program.

ldentifying potential new competitors.
It is a creative source of ideas for those with imagination.

Scrutiny of the patent literature has important profit-making potential.
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INTRODUCTION

Conventional primary cell batteries produce electric current th.rough a.chemlcal
reaction. In particular, an oxidation-reduction reaction is carn_ed out in such a
way that its driving force produces an electric potential. The ox_udatnon—redug:tlop
reaction is achieved by providing an oxidizing agent and a reducing agent which is
separated from the oxidizing agent. The oxidizing agent removes electrons from
one electrode and the reducing agent gives electrons to another electrode, the
flow of current through the battery being carried by ions. A common dry cell
battery is one type of primary cell battery.

The common dry cell battery comprises a zinc cylinder which acts as one elec-
trode and contains a suitable electrolyte, such as a paste of ammonium chloride
(NH,Cl), zinc chloride {ZnCl,), water (H,0) and diatomaceous earth or some
other filler. A carbon rod and a surrounding paste, which includes a mixture of
manganese dioxide {MnO,) and carbon particles, functions as the other electrode.

These familiar primary dry cells continue to be the conventional power source for
flashlights and many portable electronic devices around the world. Improvements
in reliability, leak-proofing and endurance are continually sought in the manu-
facture of billions of such batteries as they are now produced in most countries.

Modern technology has placed increased emphasis on producing an electrochemi-
cal power source having improved reliability, light weight, small size, high power
and a relatively long or infinite shelf life. Power sources meeting these require-
ments find ready civilian and military applications in portable communication
systems, in particular, systems which have short duty cycles, for example, on for
short periods of time and then kept inactive for long periods of time.

Various high-voltage, high-energy density electrochemical cells have been the sub-
ject of recent investigations. Much of the work in this area has been involved with
electrochemical cells having negative electrodes comprising highly reactive metals
such as lithium. Work on electrolytes for lithium-based electrochemical power
sources has progressed generally along two major lines: high temperature, inor-
ganic molten salt electrolytes and organic solvent-based electrolytes.

A cell which utilizes a molten salt electrolyte provides a chemically stable system
in which strong oxidants such as chlorine can be used as cathodes. For example, a
molten salt cell utilizing a lithium anode and chlorine cathode provides exception-
ally high energy and power density making development of a practical cell with
these materials of particular interest. The molten salt lithium/chlorine cell (having
a lithium anode, chlorine cathode and molten salt, typically lithium chloride,
electrolyte) has many characteristics desirable in a high performance electrochem-
ical cell. The anode is highly electropositive, the cathode is highly electronegative,
the equivalent weight of the reaction product is low, and the anode, cathode
and electrolyte conductivities are high.

In parallel with the development of lithium cells with molten salt electrolytes,
lithium cells with nonhydroxylic organic solvents have been developed. These
cells have been called "organic electrolyte cefls,” afthough typically they emptloy
electrolytes consisting of inorganic salts in organic solvents. Cells of this type have
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2 Primary Electrochemical Cell Technology

the advantage of being operable at room temperature.

The solid electrolyte primary battery has been develqpeq to prqvide relatively
high voltage and high energy density in a batlery which is eSpqcnaHy useful f;])r
long life, low current drain applications such as an implanted cardiac pacer. Qf the
alkali metals, lithium is generally recognized as the most satisfactory material for
the negative electrode, i.e., the anode on discharge, in a nonaqueous gell. In selgct-
ing material for the positive electrode, i.e., cathode on discharge, it is appropriate
to consider, among other factors, relative chemical activity, energy density and
discharge characteristics during cell life.

Metal-air batteries have long been known, and comprise one or usually a plurality
of air-depolarizable cells connected in series, parallel, or series/paralle! so as to
provide the required battery terminal voltage with the requisite current capacity.
Most often the metal used in the metal-air cells of metal-air batteries is zinc, but
cadmium, iron or other metals may also be used. in any event, metal-air cells have
a higher energy density than the usual "dry" cells or other primary cells such as
zinc/manganese dioxide or zinc/mercuric oxide cells; and in the most common
instance, zinc-air cells may have three times or more the energy density of such
other cells. There is, therefore, a great advantage in using such cells in multicell
batteries. .

Miniature button alkaline metal oxide cells, such as alkaline silver oxide cells, have
gained wide cormmercial acceptance for many applications because they are char-
acterized as being high capacity, small volume electric cells. In other words, they
have a high power output and energy per unit weight and unit volume of active
cathode material.

Fiat or planar batteries comprise superposed planar anode/cathode combinations
possessing a separator disposed intermediate each anode and cathode and elec-
trolyte disposed on or impregnated in the separator and in contact with respective
facing surfaces of the anode and cathode. Planar batteries of this type are gener-
ally intended to be employed as an individual power source for portable electrical
devices wherein the selected device design parameters are optimized by the avail-
ability and employment of a planar battery exhibiting reliability with respect to
its power delivery characteristics. Batteries of this type are employed commer-
cially to operate the various electrically powered systems of photographic cameras.
In such cameras, the battery, disposed as a component of a film pack for employ-
ment in and in combination with the camera, provides the electrical energy nec-
essary to operate the camera's exposure control, film transport and photoflash
systems, and, accordingly, such battery is required to operate in a sequential
series of power generating modes which may or may not be interrupted by more
or less extended recovery and/or storage times and under which conditions to
deliver the required series of high current pulses dictated by the photographic
system design.

Highly sophisticated technology associated with military and environmental re-
quirements has been applied to the development of battery components for use
at sea and under special thermally and reserve activated conditions. In the im-
plantation field, highly reliable miniature batteries are used to power the pace-
makers which have now become a routine part of the medical practice for heart
disease.

This book describes over 200 processes refating to the worldwide development for
primary battery chemistry, design, manufacture and applications technology.
These processes, representative of the recent patent literature of the U.S., alsc en-
compass the newer technology developments in Japan, Europe and other countries.

o9/



ALKALINE ZINC DRY CELLS

ELECTRODES

Zinc Powder-Gel Anode Containing Methy! Cellulose

D.G. Clash, U.S. Patent 4,209,677, June 24, 1980, assigned to Union Carbide
Corporation describes powder-ge! anodes comprising a major portion of a con-
sumable anode material such as zinc, a minor amount of a gelling agent such as
methylcellulose with or without carboxymethylcellulose and an aqueous alkaline
electrolyte such as an agueous potassium hydroxide solution.

The powder-gel anode is ideally suited for alkaline-MnO, cells. The amount of
methylcellulose (MOC), Methocel, should range between about 1 and 6% based
on the total weight of the extruded anode prior to its assembly in a cell. An
amount lower than 1% would not provide sufficient binding for the anode while
an amount above 6% would replace too much of the active consumable anode
material for a given size anode and render the gel too viscous to properly extrude
the anode without providing any additional advantage. Preferably, the range
should be about 2 to 5% based on the weight of the extruded anode.

In addition to being a good substitute for carboxymethylceliuiose in powder-gel
anodes, methylceilulose, upon precipitating, will release or free electrolyte to the
cell where it can be used in the electrochemical reaction and/or to improve ionic
diffusion in the celi.

dinc-Mercury Alloy

R. Nicaise; U.S. Patent 4,104,188, August 1, 1978, assigned to Metallurgie Ho-
boken-Overpelt, Belgium describes a process for the manufacture of zinc powder
for electrochemical batteries which require the presence of mercury. The process
is characterized in that all or part of the mercury required in the battery is intro-
duced into molten zinc, alloyed or not, the molten alloy being homogenized and
transformed into powder by pulverization {atomization).

The powder obtained by the process is characterized in that the mercury con-
tained in the powder forms a homogeneous alloy with the zinc. As a conse-
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4 Primary Electrochemical Cell Technology

quence, mercury will be avaiiable in each grain of powder in an equal and pre-
determined amount until compiete exhaustion of the metal.

Graphite Body with Controlled Crystalline Orientation

M. Nagasawa, T. Ishida, and Y. Yoshikawa, U.S. Patent 4,157,317, Jung 5, 1979,
assigned to Matsushita Electric Industrial Co., Ltd., Japan describg a resin-bonded
graphite body having controlied crystalline orientation and a density (_)f at least
2.05 g/cm’, the body comprising 3 to 12 wt % of a thermosetting resin and 88
to 97 wt % of a carbonaceous powder which includes at least 50 wt % of natural
crystaliine graphite powder.

The resin-bonded graphite body can be made by: uniformly mixing, into a dry
powdered mixture, 3 to 12 wt % of a thermosetting resin and 88 to 97 wt % of
a carbonaceous powder which includes at least 50 wt % of natural crystalline
graphite; compressing the dry mixture by a first uniaxial pressure into a com-
pressed powder rod having crystalline orientation; inserting the compressed pow-
der rod in a hollow of a mold which hollow has a shape similar to the shape of
the compressed powder rod and defines resultant graphite body shape with the
crystalline orientation being kept; preheating the thus inserted powder rod to the
softening temperature of the thermosetting resin; compressing the thus preheated
rod by a second uniaxial pressure, the direction of which is perpendicular to the
direction of the first uniaxial pressure, and heating the rod to a curing tempera-
ture of the thermosetting resin su as to harden the thermosetting resin; and tak-
ing the thus treated rod out of the mold.

The body has a high transverse strength and a very low electrical resistance in the
direction parallel to the direction of the crystalline orientation, and is thus suit-
able for a dry battery electrode.

Dispersion Based Carbon Binder Composition

G. Schneider, W. Riedl, and H.-M. Lippold,; U.S. Patent 4,160,747; July 10, 1979;
assigned to Varta Batterie AG, Germany describe a method for the manufacture
of a positive electrode containing a binder for primary cells with alkaline electro-
lytes. in this method, a binder is introduced into the cathode mass in the form
of a dispersion in a hydrophilic medium. The binder is preferably an insoluble
organic polymer which is nonswellable in water, for example, polyisobutylene.
The polymer as well as the electrode must not swell in water so that the elec-
trode can be manufactured with high accuracy to site and high stability.

The surfaces of the solid particles in the dispersion carry electrostatic charges op-
posed to the dipole moment of the dispersion medium, which is preferably wa-
ter. A very uniform distribution of the binder, even when added in very small
percentages, may be obtained by a conventional mixing operation, in which a
binder in the form of a dispersion is introduced into the electrode mass, which
is subsequently dried in air. The drying in air is necessary only when a dilute
dispersion is used. An extremely uniform distribution of the binder in the cath-
ode mass is, however, obtained. The distribution of the binder is not quite so
good {although stili adequate) when a concentrated dispersion {20 to 60%) is
mixed with the mass, preferably by spraying; however, in that case, an electrode
material is obtained which appears to be completely dry.

Example: 90 parts by weight of manganese dioxide as depolarizer and 10 parts
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by weight of graphite as conductive material were mixed to produce a homo-
geneous mixture. About 1.5 parts by weight of polyisobutylene in the form of
a 10% dispersion in water were introduced into the primary mixture, and the.
total charge was then mixed for a further 10 minutes. Thg mass was then suit-
able for molding; however, the mass was preferably first dried in air-to ensure
accurate metering of the mass.

A compression test along the longitudinal and transverse axes is an essgntial cri-
terion for the physical properties of the cathode moldings. In a molding 23 mm
in diameter, for a primary cell according to 1EC Publication 86 Type LR 14, the
following ultimate strength values in kilograms up to breaking point were ob-
tained as a function of the admixture and quantity of binder used:

1% Binder 2% Binder

........ (kg) ........
(Polylisobutylene in (hydrophobic) solvent 195 26.0
(Poly)isobutylene in water 26.0 39.0
................ Breaking Load-Transverse Axis . .. ......... ... "
(Poly)isobutylene in (hydrophobic) solvent 1.5 2.0
(Poly)isobutylene in water 2.0 3.0

A further indication was provided by the absorption of electrolyte by the mold-
ing as a function of time (in minutes).

In moldings of equal size, the variations were as follows:

............ Electrolyte Absorbed After 10 Minutes (mi)

Proportion of Binder 1% 1.5% 2%
(Poly)isobutylene in {hydrophobic) solyent 0.55 — 0.40
{Poly)isobutylene in water 1.65 1.50 1.30

The discharge time is a decisive criterion for the suitability of a cathode mass.
Comparing a polyisobutylene binder dissolved in petroleum ether with one in the
form of an aqueous dispersion, it was found that, in addition to processing ad-
vantages, the discharge times were also better for the dispersion.

Type of Discharge ) Dispersion Solution
10 ohm, continuous 44 hr 40 hr
6 hr - 50 mA 102 hr 95 hr
1 hr- 250 mA 890 min 867 min
10'- 5 ohm 1,540 min 1,420 min
4 hr - 75 ohm 390 min 360 min

Hetaerolite Addition to Cathode Mix

F.L. Tye, J.E.A. Shaw, and A.K. Agopsowicz, U.S. Patent 4,221,853 Septem-
ber 9, 1980; assigned to Berec Group Limited, England describe 3 dry electric
cell of the Leclanche type having a cathode mix which includes: (1) MnO, hav-
ing a f-crystal structure, and (2) either hetaerolite (ZnO-Mn,0;) or materials
which enable hetaerolite to be generated in situ at a sufficiently rapid rate so
that it constitutes the major discharge product even at moderate to high rates of
discharge.
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Example: Pretreatment of 3-MnQO, to Produce Hetaerolite — A solution was pre-
pared by mixing equal voiumes of aqueous zinc chloride solution (SG 1:45) and
water. The solution was then saturated at 25°C with respect to ammonium chio-
ride and zinc oxide. To 100 mi of this solution were added:

Grams
92% grade $-MnO; ore of Moroccan origin 50
Hydrated manganous chloride MnCl,-4H,0 | 3.25
Zinc oxide 3
Ammonium chloride 4

The slurry was stirred for 4 days at temperatures in the range 80° to 90°C. The
solids were then filtered off, washed and dried. X-ray diffraction analysis of the
resultant treated ore showed, in addition to the phases originally present in the _
ore, a trace of hetaerolite Zn0O-Mn,0;.

Two separate cathode mixes were prepared using treated and untreated ore ac-
cording to the formulation:

Grams
Manganese dioxide (treated or untreated} 23.08
Zinc oxide 0.25
Ammonium chloride 11.36
Acetylene black 3.55
Zinc chioride solution {SG 1.45) 747
Water 4.25

Two paper-lined R20 size cells containing 48.1 g cathode mix per cell were made.
Each cell was subjected to a discharge test through a 5 £ resistance for 30 min-
utes per day, 7 days per week at 20°C. The discharge curves and the open cir-
cuit voltages measured immediately before each discharge cycle were recorded.

it was noted that the cell which had been made with the untreated ore give a
steeply falling discharge curve. Its on load voltage fell below 0.75 V after 8.5
hours total discharge. On the other hand, the cell which had been made with
treated ore gave a flatter discharge curve and sustained an on load voltage above
0.75 V for 21.5 hours of discharge.

After discharge, the cells were opened, the discharged cathode mixes extracted
and subjected to x-ray diffraction analysis. No hetaerolite could be detected in
the mix made with untreated ore while a strong diffraction pattern correspond-
ing to hetaerolite was recorded on the mix made with treated ore.

Nickel Oxide Cathodes from Dendrites

S. Ruben; U.S. Patent 4,074,030, February 14, 1978 describes a process for pro-
ducing a high coulombic capacity nickel oxide cathodic reactant or depolarizer
for primary electric cells. The process includes the steps of growing large nickel
oxide dendrites on the exterior surface of a suitable base, converting the den-
drites to a higher oxide of nickel, which is then removed from the base and
ground to small particles for use as a cathodic reactant or depolarizer.

The following procedure illustrates the process. A dry mixture of 90 pbw of

Ni{NO,),-6H.0 and 10 pbw of Co{NO;),-6H,0 is heated to liquefaction in a water
bath, broughi to 90°C, and maintained at this temperature. Using a 600 cc Pyrex
beaker containing 500 cc of the above molten mixture, two 0.030" thick Ni
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strips 1%" wide positioned 2%" apart are connected as positi've electrodes; a
2%" wide piece of 14 x 14 mesh screen formed from 0.020" Ni wire is im-
mersed to a depth of 3%" midway between the other two e|eqtrodes, and
connected as the negative electrode. A lurrent of 2 A is applied f_or 4 hours,
or a total of 8 Ah. An output of approximately 2.0 g of green Ni(OH}); den-
drites per ampere hour is obtained. The dendrites extend outward from the
exterior surface of the 9.625 in? nickel screen.

After cathodization, the nickel screen carrying the dendritic formation of green
Ni{OH), is withdrawn from the molten bath, rinsed in hot tap water, and im-
mersed in an aqueous 20/100 LiCH bath with a 2 ampere current again being
applied. In this step, the dendrite coated nickel screen is connected as the pos-
itive electrode and two %" wide Ni strips connected as the negative electrode.

A 2 ampere current is applied overnight (approximately 19 hours for a total of
38 Ah). The following day, a five cycle procedure of reversing polarity is ap-
plied as follows: the 2 ampere current is reversed, the dendrite coated Ni screen
becoming the negative electrode for 20 minutes, the screen being then connected
as the positive electrode for 20 minutes, this cycle being repeated five times, the
final cycle with the screen connected as the positive electrode being maintained
for 3 full hour. The Ni(OH), dendrite coated Ni mesh is then removed from the
LiOH bath and rinsed in hot tap water.

The use of a lithium hydroxide electrolyte in the anodization procedure results
in better distribution of current, thus providing a more uniform oxidation of the
Ni(OH), than that obtainable with the sodium or potassium hydroxide electro-
lytes used in the prior art.

The dendrites, after oxidation to maximum oxygen valency state by the above

'step, are hard, dense, friable and readily brushed off the surface of the screen on

which they have been formed. After drying, they are micronized or ground to
a fine state. The high current density obtained by carrying out the process on
the nickel screen is responsible to a great extent for the low electrical resistance
and friable state of the dendrite.

For use as a cathode in primary cells, the oxidized dendrite powder is mixed
with 5% of graphite or carbon, serving as a binder, and compressed under high
pressure into a pellet. The pellet is then assembled with a zinc or cadmium
anode, an absorbent spacer between the electrodes, an alkaline electrolyte and
a container, to provide an efficient primary cell.

The cathode is usable in conventional structure alkaline primary cells employing
zinc or cadmium anodes and alkaline electrolytes.

Primary cells using the cathode and having an open circuit voltage of 1.7 may be
used to replace the more expensive silver oxide alkaline cells, the open circuit
voltage of which is 1.56. The cathode may also be used in some types of re-
chargeable cells.

Stainless Steel Cathode Collector

A process developed by J. Watanabe, A. Ohta, and §S. Kobayashi; U.S. Patent
4,125,638, November 14, 1978; assigned to Matsushita Electric Industrial Co.,
Ltd., Japan provides for the use as a cathode collector of a Leclanche dry cell,




