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THOMAS A. EDISON, OF LLEWELLYN PARK, NEW JERSEY.

REVERSIBLE GALVANIC BATTERY.

SPECIFICATION forming part of Letters Patent No. 678,722, dated July 16, 1901,

Original application filed March 1, 1903, Serial No, 49,453, Divided and this application filed June 20, 1901, Serial
No.65,284, (No model))

To all whom @ may concern:

Be it known that I, THOMAS A. EDISON, a
citizen of the United States, residing at Llew-
ellyn Park, in the county of Essex and State
of New Jersey, have invented a certain new
and useful Improvement in Reversible Gal-
vanic Batteries, (Case No. 1,060,) of which
the following is a specification.

My invention relates to improvements in
reversible or seo-called ‘““storage” batteries;
and my object is to produce a reversible gal-
vanic cell of great permanency and of re-
markably light weight per unit of energy.

In my application for Letters Patent, filed
October 31,1900, Serial No. 34,994, I describe
an improved reversible galvanic cell wherein
the metals, cadmiam, and copper are em-
ployed as the elements in an alkaline elec-
trolyte and by means of which I secured a
very permanent cell, one wherein the initial
and finalstates of the electrolyte are the same,
and, finally, one which was capable of storing
a greatér amount of energy per pound of cell
than batteries commereially used before that
time for the same degree of durability. My
present invention is designed to further
lighten the weight of the cell in comparison
to the stored energy and to deliver the energy
to the exterior circuit at a higher rate.

In the alkaline zincate type of battery as
commercially used, so far as I know, copper
oxid has heretofore been used exclusively as
the oxygen-furnishing element when the bat-
tery is discharged, the copper being reduced
to the metallic state. The only other ele-
ments which have been suggested and would
be available as substitutes for copperin these
batteries have been those lower in the elec-
trolytic series, such as mercury and silver;
bat so far as I know these metals have not

been satisfactorily or commercially utilized

on account of the difficulties arising from
their application in alkaline electrolytes, as
well as because of their expense, especially
in regard to silver, which metal possesses the
further disadvantage of being quite soluble
in the electrolyte when subjected to oxida-
tion. T havesought bya great many experi-

ments for an element or cempound capable
of being used in an alkaline electrolyte, the

I heat of formation of whose oxid should be as

lowor lower than thatof oxid of mercury, and
in this I have been successful, the result be-
ing the discovery of an element for furnish-
ing the oxygen to the oxidizable element on
discharge with even greater freedom tha.
oxid of mercury, while at the same time the
new element is less expensive,is of less weight,
is of greater permanency, and finally is of
greater insolubility in the electrolyte. Ihave
also sought by experiment for an element su-
perior to cadmium as the oxidizable element
on discharge, with the object in view of fur-
ther reducing the weight and cost of the cell,
and Thave discovered an element for the pur-
pose possessing these desirable characteris-
ties. As a result a reversible galvanic cell
equipped with the new elements is of great
permanence, is relatively light and inexpen-
sive, and is of great power.

The elements aré preferably carried or sup-
ported by hollow perforated plates, forming
receptacles or pockets, which are illustrated
in the accompanying drawings, forming part
of this specification, and in which—

Figure1 is a face view of one of the plates,
having three pockets or receptacles, showing
the front wall partly broken away. Fig. 2is
a section on the line 2 2 of Fig. 1. Fig. 8 is
a plan showing two of the plates forming a
single combination, and Fig. 4 an enlarged
detail section.

In all of the above views corresponding
parts are represented by the same numerals
of reference.

Each plate is formed with two walls 1 and
2, constructed, preferably, of a single con-
tinuous sheet, made, preferably, of very thin
sheet-nickel—say about .005 of an inch in
thiclkness—and bent at its bottom around a
horizontal frame 8, from which extend the
vertical spacing-frames 4 4, to all of which
frames the sheet is secured by means of nickel
rivets, as shown, to form a strong rigid hol-
low plate, with pockets or receptacles be-
tween the vertical frames 4 4. The walls 1
and 2 of the plate, as shown, are perforated
with small holes arranged very closely to-
gether and each about .015 of an inch in di-
ameter. I prefer to use nickel in the con-
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struction of the plates, since that metal is
not, oxidizable by electric oxidation in an al-
kaline solution. Iron, on the other hand, is
slightly oxidizéd under these conditions and
is not so desirable; but if very carefully and
perfectly plated with nickel it may be used
satisfactorily for the construction of either
the plates or the frames. Obviously the
frames 3 and 4 may be, and in some instances
preferably are, constructed of hard rubber or
other inert material, to which the perforated
sheet is riveted, as explained. Secured to
one or both of the sides of the plate are a
number of insulated spacing-blocks & 5 to
prevent adjacent plates from touching when
immersed in the electrolyte.

In the manufacture of my new oxidizable
element for use in a reversible galvanic cell
I first preferably take monosulfid of iron and
reduce it by a crushing operation until the
narticles thereof may be passed through a

“sereen having about forty thousand openings

per square inch,and I intimately mix about
eight parts, by weight, of the powdered mono-
sulfid with about two parts, by weight, of
flake graphite of a size considerably larger
than the perforationsin the walls of the pock-
ets or receptacles. Flake graphite being ex-
ceedingly thin and of large area gives an ex-
tensive conducting-surface in proportion to
its bulk and weight. This mixture is then
moistened with a twenty-per-cent. solution of
potassic hydroxid, and the dampened mass is
packed into the pockets or receptacles of the
proper plates by a suitable tamping - tool.
Owing to the want of flexibility of the graph-

ite, the mixture packs to ahard porous mass.

The effect of electrolytic gasing therefore
does not disintegrate the mass as a. whole
when properlycompressed. Aftereach pocket
or receptacle has been tightly packed with
the mass almost to its top a wad of asbestos
fiber 6, about a quarter of an inch in thick-
ness, is introduced into the pocket or recep-
tacle above the mass, and on top of this pack-
ing is placed a strip of sheet-nickel 7, entirely
covering the asbestos and filling the mouth
of the pocket, which strip is permanently se-
cured in position by nickel wires 8, threaded
through the openings near the top of the
pocket, as shown particularly in Fig. 2. The
element thus formed is subjected to electro-
lytic oxidization in asolution of potassic hy-
droxid, whereby sulfur will be set free and
combining with the alkali forms a sulfid of
potassium, which diffuses out of the mass,
while the iron is converted to a ferrous oxid
thereof. Thisdiffusion of the alkaline sulfid
out of the plate is hastened and facilitated
by subjecting the contents of the plate to al-
ternate oxidization and reduction by alter-
nately reversing the oxidizing-ecurrent, and
by several of these operations the whole of
the sulfur will be eliminated and the element
will be ready for use after the iron has been
reduced to the metallic state. Sinee iron
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does not decompose water, there will obvi-
ously be no local action between it and the
graphite. The oxid formed from the sulfid
inereases in bulk and being intermediately
mixed with the graphite produces consider-
able pressure on the walls of the plate, which
prevents any disturbance of the initial state
of the mass even when it is subjected to
strong gasing within the pores by overcharg-
ing the element electrically. 'The object of
using the monosuifid is to secure the great-
est amount of iron oxid in the smallest space
and in a form eapable of being reduced to the
metallic state electrolytieally.

My attempts to utilize iron as the oxidiz-
able element in an alkaline reversible bat-
tery were for a long time frustrated by the
facts, determined only after exhaustive ex-
periments, that dried oxids of iron were not
reducible to any extent by the current; that
spongy iron reduced by hydrogen from dif-
ferent iron salts was not oxidizable to any
considerable extent by the ¢urrent; that the
hydrates of iron-were very bulky and difficult
of use without drying, which operation ef-
fected some obscure change therein to render
them nearly inert in the presence of the re-
ducing current; that bulky ferric oxid was
not capable of any considerable reduction by
the eurrent, and, finally, that ferrous oxid,
though easily reducible, was very difficult to
prepare on account of atmospheric oxidation.
The formation of the ferrous oxid, in the first
instance, within the pockets or receptacles
did away with the objections due to the bulk
of the hydrates, while the oxid thus formed

“i§ perfectly reducible by the current. In-
stead of forming the oxid in this way by oxi-
dizing the monosulfid in an alkaline solu-
tion, it will be obvious that salts of iron, like
ferrous chlorid, may be packed with the
graphite and when placed in an alkaline so-
Tation form chlorid of the alkaliand ferrous
oxid of iron, the alkaline chlorid diffusing
out of the mass. The resnlts, however, are
not so good as when the sulfid of iron is
used,since the quantity of finely-divided iron
produced thereby is considerably less and is
alsoless porous, offering, therefore, a reduced
opportunity for the solution to penetrate the
mass and lowering in consequence its current-
condueting capacity. DMetallie iron, even
when finely divided, as produced by electro-
lytic reduction, does not of itself oxidize in
solutions of the fixed alkalies, and the oxid
of iron is not appreciably soluble. Compact,
dense, or non-porous iron—. e., iron having
relatively large particles—when subjected to
a powerful eloctrolytic oxidation formsx small
quantity of a soluble ferrate of the alkali and
dissolves in the electrolyte. On the other
hand, finely-divided iron obtained as de-
seribed when subjected to electrolytic oxi-
dation does not form asoluble ferrate, butis
converted into the insoluble ferrons oxid.

My improved oxidizable element is therefore
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absolutely permanent, so that in the opera- |

tion of the battery the electrolyte is not
changed at any stage of the working, and ab-
solutely no deterioration of the iron element
takes place.

Having described the advantages and char-
acteristics of and the preferred manner of
making the oxidizable element, reference will
now be made to the preferred oxygen fur-
nishing or storing element of the cell.

I have discovered by experiment that the
lower oxids of nickel and cobalt when in
contact with aconductor in an alkaline solu-
tion can be almost wholly raised from this
lower to a higher stage of oxidation electro-
Iytically than is possible by chemical means
and that these higher oxids revert toa lower
stage by reduction with extreme ease, and
availing myself of this fact Thave construct-
edan oxygen-storing element capable of great
capacity, of light weight, and of high per-
manence. Neither the oxid of nickel nor of
cobalt is appreciably scluble in an alkaline
electrolyte, and both nickel and cobalt give
nearly the same voltage in use; but since
nickel is less expensive than cobalt I prefer
to use the former element for the purpose.

The preferred process of making the oxygen-
storing element consists in first precipitating
either the monoxid or black hydrated dioxid
of the metal—say nickel—in the usual way,
washing the precipitate free from the prod-
ucts of the reaction, filtering off the liquid,
and drying off the precipitate. Theresulting
dried hydrated oxid is then powdered very
fine and is ready for use. Either oxid may
be used with the same results. The process
above outlined applies to cobalt as well as to
nickel. Aboutseven parts, by weight, of the
finely-powdered hydrate and three parts, by
weight, of flake graphite are then intimately
mixed and moistened with a small quantity
of a strong solution of potassic hydroxid, so
as to dampen the mass, which is then insert-
ed in the pockets or receptacles of the proper
plates in small quantities at a time and thor-
oughly tamped at each accession. Finally
the mass is covered with a layer of asbestos,
held in place by a plate of nickel secured in
position by nickel wires, as I have described
in explaining the make-up of the oxidizable
element. The plates the pockets of which
are thus supplied with the mixture of the
hydrated oxid and graphite are then im-
mersed ina solation of potassic hydroxid in
water and subjected for a considerable time
toan oxidizing-current of about fifty milliam-
peres per square inch of surface, during
which the oxid is either raised to a higher
stage of oxidation than the black oxid (N1,0,)
or else acts as an absorber of oxygen insome
manner unknown to me. Whatever the ac-
tion may be, the oxid so treated acts as a
most efficient oxygen-storing element for
commercial use in a galvanic battery.

The object of employing graphite, whichis
not affected by electrolytic oxidation, is to

offer a great extent of surface against which
the whole of the oxid is in contact, a large
conducting-surface being necessary, since the
electrolytic reduction and oxidation for prac-
tical purposes only extend a small distance
from the conducting-surface against which
the oxid is in contact. This is admirably
effected by the use of graphite in its miea-
ceous form, the proportions indicated being
such as to practically insare that the electro-
Iytic action need not penetrate a greater dis-
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tance fromn the contact-surface than the thick- -

ness of asingle particle of the powdered oxid.
Furthermore, there is no local action be-
tween the nickel or cobalt oxids and the
graphite.

The reason why nickel hydrate is prefer-
ably used instead of other compounds of
nickel is that the metal itself when finally
divided (as obtained by reducing a nickel
compound by hydrogen or electrolysis) is not
oxidizable to any considerable extent when
subjected to electrolytic oxidationinanalka-
line solution. The sulfid of nickel is not
decomposed by electrolysis under the condi-
ticns of battery-work, and the sulfid of eo-
balt onlyimperfectly. Hancethe hydrates are
the most available compounds for use, since
they do not become inert to the same extent
as hydrates of the oxids of iron after drying,
they are easily prepared, and by absorbing
the solution they swell within the pockets or
receptacles, so as to insure intimate con-
tact and stability. " During the charging of
the cell the absorption of oxygen by the oxid
of nickel or cobalt causes the oxid to further
swelland bulge the pockets or receptacles out-
wardly, and on discharge a preportionate
contraction takes place. In order that the
walls of the pockets or receptacles may al-
ways maintain the desirable intimate contact
with the active material, the pockets are, as
stated, made of some highly-elastic metal,
such as hard-rolled sheet-nickel, so that at
each contraction of the mass the pocket-walls
will by their elasticity keep in contact there-
with.

Having constructed the twe elementsof the
battery as above explained, they are prefer-
ably utilized toegether in a solution of twenty-
five per cent. of potassic hydroxid in water
and thecell isready for use, and when charged
the iron isin the metallic form and the nickel
or cobalt oxid is raised to the superperoxid
stage described.

Owing to several obscure reactions which
takes place when the battery is discharged,
and also to a change of resistance within the
electrodes, the voltage is variable; but the
average voltage over the whole discharge is
about one vol, rising as high as 1.32 volts,
and sometimes higher, when freshly charged.

My improved battery can be overcharged,
fully discharged, or even reversed and

charged in the opposite direction withoutany
injury. Overgassing does not disturb the
initial state of the materials in the pockets,
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all theingredients are insoluble, the support-
ing-plates are unattacked by electrolytic oxi-
dation, and the whole operationisindepend-
ent of the strength of the solution, so that
the battery is of great permanence, while
at the same time more energy will be stored
per unit of weight than with any permanent
practical combination heretofore suggested.

I have constructed a battery as-above de-
seribed which gives an available storage ca-
pacity of one-horse-power hour for seventy-
three pounds weight; but it may be made
lighter without destroying its permanent
character. :

The specific magnetic metals are iron,
nickel, and cobalt. By the expression “‘oxid
of a specific magnetic metal other than iron”
as -employed in my claims I mean oxid of
niekel, oxid of cobalt, or a combination of
such oxids. By the use of that expression it
is my purpose toembrace and include gener-
ically both of these utilized oxids.

I do not claim herein the new depolarizer
per se comprising an electrolytically-active
oxid of nickel or cobalt, nor do I claim here-
in, broadly, such depolarizer when used ina
battery of the improved type invented by me,
wherein the electrolyte remainsunchanged at
all times and wherein both the active mate-
rialsare insolublein all conditionsof use, nor
do.I elaim hereinsuch a depolarizer, broadly,
in combination with any suitable oxidizable
materials.. Inmy present applicationIclaim
the new oxidizable element perse and in com-
bination with the new depolarizer. Claims,
first, on the new depolarizer per se; secondly,
on such depolarizerwhen used in a battery of
the new type invented by me, and, finally, on
such depolarizer in combination with any
suitable oxidizable element are made in my
application for Letters Patent filed on even

. date herewith (Case No. 1,061) as a division
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of my application filed March 1, 1901, Serial
No. 49,453, of which the present case is also
a division. Claims on an electrolytically-ac-
tive oxid of cobalt used as a depolarizer are

made in my application filed March 1, 1901,

Serial No. 49,452.

Having now deseribed my invention, what
I claim asnew, and desire to secure by Letters
Patent, is as foliows:

1. An active oxidizable element for an al-
kaline reversible galvanic battery, compris-
ing a conducting-supportand electrolytically-
active, finely-divided iron carried thereby
and capable of being oxidized on discharging,
substantially as set forth.

2. An active oxidizable element for a re-
versible galvanic. battery, comprising a con-
ducting-support and a mixture of flake-like
inert conducting material and electrolytic-
ally-active, finely-divided iron carried there-

by capable of being oxidized on discharging,.

substantially as set forth.
3. An active oxidizable element for a re-

versible galvanic battery, comprising a con-:

ducting-supportand a mixture of flake-graph-

678,722

ite and electrolytically-active, finely-divided
iron carried thereby capable of being oxi-
dized on discharging, substantially as seb
forth. :

4. Anactivedeoxidizable element foran al-
kaline reversible galvanic battery, compris-
ing a eonducting-support and finely-divided
ferrous oxid carried thereby and capable of
being deoxidized on charging, substantially
as set forth.

5. An active deoxidizable element for a re-
versible galvanic battery, comprising a con-

-ducting-support and a mixture of flake-like

inert conducting material and finely-divided
ferrous oxid carried thereby capable of being
deoxidized on charging, substantially as set
forth.

6. An active deoxidizable element for a re-
versible galvanie battery, comprising a con-
ducting-supportand a mixture of flake-graph-
ite and finely-divided ferrous oxid ecarried
thereby capable of being deoxidized on charg-
ing, substantially as set forth.

7. An active deoxidizable element for an
alkaline reversible galvanic battery, compris-
ing a conducting-support and an oxid of iron
carried thereby electrolytically reducible to
the metallic state upon charging, substan-
tially as set forth.

8. ‘An active deoxidizable element for a re-
versible galvanic battery, comprising a con-
ducting-support and a mixture of flake-like
inert conducting material and an oxid of iron
carried thereby electrolytically reducible to
the metallic state upon charging, substan-
tially as set forth.

9. An active deoxidizable element for a re-
versible galvanie battery, comprising a con-
ducting-supportand a mixture of lake-graph-
ite and an oxid of iron carried thereby elec-
trolytically reducible to the metallic state
upon charging, substantially as set forth.

10. Inareversible galvanic battery,the com-
bination of an electrolyte which remains un-
changed duringall conditions of working, and
two elements therein insoluble in such elec-
trolyte, the oxidizable element having for-its
active material electrolytically-active, finely-
divided iron, substantially as set forth.

11. In areversible galvanic battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided iron when charged, and
another conduecting-support earrying an oxid
of a specific magnetic metal other than iron
and capable of farnishing oxygen for the oxi-
dation of the iron on discharge, substantially
as set forth. i

12. In a reversible galvanic battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided oxid of iron when dis-
charged,and another conducting-support car-

rying an oxid of a specific magnetic metal.

other than iron and eapable of storing oxygen
on charging, substantially as set forth.

13. In areversible galvanic battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided iron when charged, an-
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other conducting-support carrying an oxid of
a specific magnetic metal other than iron and
capable of furnishing oxygen for the oxida-
tion of the iron on discharge, and an inert
conducting material intimately mixed with
said oxid, substantially as set forth.

14. In a reversible galvanie battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided iron when charged, an-
other conducting-support carrying an oxid of
& specific magnetic metal other than iron and
capable of furnishing oxygen for the oxida-
tion of the iron on discharge, and flake-graph-
ite intimately mixed with said oxid, substan-
tially as set forth.

15. In areversible galvanic babtery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided iron when charged, an
inert conduecting material intimately mixed
with said finely-divided iron, another con-
duecting-support carrying an oxid of a specific
magnetic metal other than iron eapable of
furnishing oxygen for the oxidation of the
iron on discharge, and an inert conducting
material mixed with said oxid, substantially
as set forth. :

16. In areversible galvanic battery, an al-
kaline electrolyte, & condueting-support car-
rying finely-divided iron when charged, flake-
graphite intimately mixed with said finely-
divided iron, another conducting-support car-
rying an oxid of a specific magnetic metal
other than iron capable of furnishing oxygen
for the oxidation of the iron on discharge and
flake-graphite mixed with said oxid, substan-
tially as set forth,

17. In a reversible galvanic battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided iron when charged, and
another conducting-support carrying oxid of
nickel capable of furnishing oxygen for the
oxidation of the iron on discharge, substan-
tially as set forth. .

18. In a reversible galvanic battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided oxid of iron when dis-
charged,and another conducting-support car-
rying an oxid of nickel, substantially as set

-forth.

19. In a reversible galvanic battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided iron when charged, and
another conducting-support earrying oxid of
nickel having when charged electrolytically
more oxygen than Ni,O,, substantially as set
forth.

20. In a reversible galvanic battery, an al-
kaline electrolyte, a conducting-support ear-
rying finely-divided iron when charged, and
another conducting-support carrying a hy-

drated oxid of nickel, substantially ag set
forth.

21. In areversible galvanic battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided iron when charged, an-
other conducting-support carrying oxid of
nickel capable of Turnishing oxygen for the
oxidation of the iron on discharge, and flake-
graphite intimately mixed withsaid oxid, sub-
stantially as set forth.

22. In a reversible galvanic battery, an al-
kaline electrolyte, a conducting-support ear-
rying finely-divided oxid of iron when dis-
charged, another conducting-support carry-
ing an oxid of nickel, and flake-graphite in-
timately mixed with said oxid, substantially
as set forth. ]

23. In a reversible galvanic battery, an al-
kaline electrolyte, a eonducting-support car-
rying finely-divided iron when charged, an-
othéer conducting-support carrying oxid of
nickel having when charged electrolytically
more oxygen than Ni,0,, and flake-graphite
intimately mixed with said oxid, substan-
stantially as set forth.

24. In a reversible galvanie battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided iron when charged, an-
other condueting-supportearrying ahydrated
oxid of nickel, and flake-graphite intimately
mixed with said-oxid, substantially as set
forth.

25. In a reversible galvanic battery, an al-
kaline electrolyte, a conducting-support cdr:
rying finely-divided iron when charged, an-
other conducting-support comprising arecep-
tacle having elastic walls, and an oxid of a
specific magnetic metal other than iron ear-
ried within said receptacle and engaged by
the walls thereof with an elastic pressure,
said oxid being capable of furnishing oxygen
for the oxidation of theiron on discharge,sub-
stantially as set forth.

26. In a reversible galvanic battery, an al-
kaline electrolyte, a conducting-support car-
rying finely-divided oxid of iron when dis-
charged, another conducting-support com-
prising a receptacle having elastic walls, and
an oxid of a specific magnetic metal other
than iron carried within said receptacle and
engaged by the walls with an elastic pressure
and capable of storing oxygen on charging,
substantially as set forth.

This specification signed and witnessed this
17th day of June, 1901.

THOS. A. EDISON,

Witnesses:
FraNk L. DYER,
GERTRUDE J. WILLIAMS,
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