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Wo Drawing‘.

To all whom it may concern:

" Be it known that I, Tromas A. Episox, a
citizen of the United States, and a resident
of Lilewellyn Park, West Orange, in the
county of Essex and State of New Jersey,
have invented certain new and useful Im-
provements in the Production of Nickel Hy-
droxid, of which the following is a specifi-
cation.

The object of my invention is to cheapen
the cost of production of nickel hydroxid
for use in alkaline storage batteries and to
improve the product for such use.

In the ordinary method of producing
nickel hydroxid, the nickel hydroxid is pre-
cipitated from an agqueous solution, only a
slight excess of alkaline hydroxid being
used, and then washed and dried. This
method involves the use of apparatus of
large capacity in proportion to the output,
and since the precipitated pulp is in a semi-

colloidal form, the operation of washing -

and drying is tedious and expensive. In my
improved process, the tedious and expensive

operation of washing out the soluble prod- .

ucts of reaction while the precipitate is in
a semi-colloidal form is eleminated, and at
the same time a nickel hydroxid or hydrate
is produced which is more efficient as an
active element in electrodes of alkaline stor-
age batteries. ‘

The nickel hydroxid produced by my im-
proved process is apparently in a different
physical condition from or is more porous
than nickel hydroxid produced in the ordi-
nary way. 1t has an increased capacity
per gram to store oxygen, and being easily
crumbled or friable a greater weight of it
may be loaded or compressed into a given
space. For instance, in a single tube, the
amount of nickel hydroxid packed in with a
given weight of plunger with the hydroxid
made in the ordinary manner is 5.78 grams;
whereas, with the hydroxid of nickel made
by this process, the weight is 6.29 grams.
Furthermore, each gram of my improved
product provides a battery capacity of about
950 milliamperes as compared with about
200 milliamperes per gram of the hydroxid
made in the ordinary manner. These prop-
erties are of particular advantage when the
product is used in alkaline storage batteries,
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because an increased battery capacity or out-
put is obtained both by the increased weight

of the nickel hydroxid loaded into the tubes:

or other containers of the electrode, and by
the increased capacity per gram of the ma-
terial to store oxygen.

In order to earry my invention into
effect, I proceed substantially as follows:—
A standardized solution of sodinm hydroxid
is prepared into which a standardized quan-
tity of nickel sulfate is poured slowly while
the mixture is being stirred or otherwise
agitated, until the proper amount of nickel
sulfate has been added. I have found that
in manufacturing nickel hydroxid for use
in alkaline storage batteries, it is advan-
tageous to use a considerable excess of al-
kali over the amount generally used, the
porosity or other changes in physical struc-
ture of the nickel hydroxid finally produced
being proportionate to the excess of alkali,
and the amount which can be loaded in the
tube increasing with an increased percent-
age of free alkali present when the slow
drying hereinafter described takes place.
The best hydroxid as regards loading weight
to suit our present conditions is produced
by using an excess of about 8% of free alkali
over the amount required theoretically to
precipitate all the sulfate, and if a greater
loading weight is required, the percentage
of free alkali may be increased. The pre-
cipitated pulp together with the reaction
liquor is then evaporated down until it at-
tains the consistency of cream, and this
cream-like mixture is run into pans where
it is dried slowly, the drying extending prei-
erably over a period of about ten days.
The operation of drying may be carried on
in partially closed vessels in order to render
the drying very slow. The drying may be
carried on more rapidly, but I have foufxd
that slow drying is essential for the best
results. Tor example, if the drying takes
place rapidly, the resulting nickel hydroxid
1s not capable of being packed into such 2
small space as if the drying had been carried
on more slowly. Apparently, some advan-
tageous change in the physical structure of
the product is produced by the slow drying.
The dried material which is readily broken
into granular form, and which contains the
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soluble reaction product which, in this case,
1s principally sodium sulfate, and the free
sodium hydroxid is put into a percolator
and water passed through it until only a
3 trace of the sulfate or alkali is left. This
" residue is then dried, and after being crushed
and séreened in order to obtain a material of
proper size, is ready for use in the positive
electrodes of alkaline storage batteries.

10 It is to be noted that in my improved

method nickel hydroxid is formed and dried
in intimate commixture with a soluble sub-
stance, which said soluble substance is sub-
sequently removed. '

A. great advantage of my improved proc-
ess is the rapidity and ease with which the
sodium sulfate can be washed out, thereby
avoiding the use of large quantities of dis-
tilled water and the great loss of time con-
20 sumed in waiting for the settling of the

pulp after each washing. Furthermore, by
this method, a nickel hydroxid is produced
whose physical condition, because of poros-
ity or other change in structure, is more

25 suitable for high battery output or capacity
than nickel hydroxid made in the usua!
manner. The degree of porosity or other
change in physical structure may be con-
trolled by varying the percentage of excess

30 alkali. In the process which I have de-
scribed, the principal soluble reaction prod-
uct is sodium sulfate, and in the practice of
this process a concentrated solution of
sodium sulfate is obtained which constitutes

85 a valuable by-product. In fact, a consider-
able portion of the sodium sulfate is washed
out in a saturated solution from which the

- sodium sulfate erystallizes without nécessity

- of further evaporation. I may also find it
40 advantageous or desirable to draw off 4 por-

tien of the reaction liquor or supernatant
liquid after the precipitate has settled and

" before evaporating the mixture down to the

point where it is Jo be dried, instead of

45 evaporating all of the liquid, as hereinbefore
described. - .~

Other soluble salis of nickel or a mixture
of such salts may be employed instead of
nickel sulfate, and other soluble hydroxids

50 or a mixture of such hydroxids- instead of

*  sodium hydroxid. - '

I have also found that by using very con-
cenirated solutions of the nickel salt and the
hydroxid; the amount of water to be evapo-

.55 rated may be materially reduced, and a mix-
ture of cream-like consistency obtained be-
+fore-evaporation. This cream-like mixture
is dried very slowly and otherwise treated
in the manner hereinbefore described.

60 _ Having now described my invention, what
I claim as new and desire to secure by Let-
ters Patent is as follows:— -

1. The method of manufacturing nickel
hydroxid which consists in precipitating

65 nickel hydroxid from a solution of a nickel

15

1,167,464

salt, drying the precipitate together with a
soluble reaction product or products, and
washing the precipitate to remove the solu-
ble reaction product or products, substan-
tially as described. S

- 2. The method: of manufacturing nickel
hydroxid which consists in precipitating
nickel hydroxid from a solution of a nickel
salt, drying the precipitate together with 2
soluble reaction product or products, wash- 5
ing the precipitate, and drying. the residue,
substantially as described.

3. The method of manufacturing nickel
hydroxid which consists in mixing together
solutions of a nickel salt and a hydroxid g
whereby a precipitate of nickel hydroxid is
obtained, evaporating the precipitated pulp
together with some or all of the soluble re-
action products to dryness, washing the resi-
due and redrying, substantially as described. 85

4. The method of manufacturing nickel
hydroxid for use in alkaline storage bat-
teries which consists in precipitating nickel
hydroxid by mixing solutions of a nickel
salt and a-predetermined considerable ex- 90
cess of alkaline hydroxid over the amount
necessary to effect complete precipitation,
evaporating the precipitated pulp together
with excess alkali and a reaction product
or products to dryness, removing the excess g5
alkali and the soluble reaction product or
products by washing, and drying the resi-
due, substantially as described. '

5. The method.of manufacturing nickel
hydroxid which consists in precipitating
nickel hydroxid from a solution of a nickel
salt, evaporating the precipitated pulp to-
gether with a soluble reaction product or
products until a_cream-like consistency is
attained, slowly drying the cream-like mix-
ture, washing the dried mixture and redry-
ing the residue, substantially as deseribed.

6. The method of manufacturing nickel
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‘hydroxid for use in alkaline storage bat-

teries, which consists in mixing solutions of . 110
a nickel sale and a predetermined consider-
able excess of alkaline hydroxid over the
amount necessary ¢ effect complete precipi-
tation, evaporating the precipitated pulp to-
gether with another -reaction product or
products and excess alkali until a cream-like
consistency is attained, slowly drying the
cream-like mixture, removing the excess
alkali and the soluble reaction product or
products by washing, and drying the resi-
due, substantially as deseribed.

7. An active material for a storage bat-
tery electrode containing mickel hydroxid
rendered porous and rriable by the removal
of a soluble substance therefrom after said
hydroxid has been formed and dried in in-
timate commixture with said soluble sub- .
stance; substantially as described. .

8. A method of producing active material
for storage batteries, which eonsists in form- 130
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ing and drying an insoluble hydroxid in in-

timate commixture with a soluble substance,-

and subsequently removing the soluble sub-
stance, substantially as described.

9. A method of producing active material
for storage batteries, which consists in form-
ing and drying nickel hydroxid in intimate

commixture with a soluble substance, and.

subsequently removing the soluble substance,
substantially as deseribed. .

10. An active material for a storage bat-
tery. electrode containing nickel hydroxid

having substantially the same packmg and -

battery capacity as the product remaining
after forming and drying nickel hydroxid
in mtlmate commixture w1th a soluble sub-
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stance and thereafter removing the soluble
substance, substantially as described.
11. Nickel hydroxid having the same

physical and electro-chemical properties as zp

the product remaining after forming and
drying nickel hydroxid in intimate com-
mixture with a soluble substance and there-
after removing the soluble substance, sub-
stantially as described.

This specification signed and witnessed
this 7th day of April, 1911.

THOS. A. EDISON.

“Witnesses:
Hexry LaNanAN,
An~a R. Kream.

«It is hereby certlﬁed that in Letters Patent No 1 167,484 granted, January 11

11916, upon the apphcatxon of Thomas A Edlson, of Llewe]lyn Park ‘West‘

s

, Orange New Jersey, for an 1mprovement in “Productlon of N ickel Hydroxid,” an
‘error appears in the. prmted spemﬁcatlon requlrmg correctlon as follows Page- 2,
'_ hne 111, clalm 6, for the Word “ sale” read salt and that the sald Letters Patent

| should be read” w1th ‘this correctlon therem that the same may conform to’ the )

Slgned ‘and sealed thls 25th day of Apnl A D, 1916 R .

J.T. NEWTON,
 Acting C’mnwmémoner of Patents.
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