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o all whom it may. concern:

-, Be it known that.I, Tiomas Arva Episow,.

.. a-citizen, of the United States, residing at
. Llewellyn. Park, Orange, in the county of
5 KEssex and State of New Jersey, have in-
- vented a.certain new and useful Method of
-~ MakingStorage-Battery Electrodes, of which
the following 1s w deseription.: L
.+ My -invention relates to an improved
.10 method. of making electrode elements for
storage batteries of the Edison. type.

. In an application filed on even: date here-

with- L.deseribe the iniproved electrode ele=
. .ment, construeted inaccordance with. my
16 present method, and have: quite elaborately

explained the correct condition which'should.

exist in the netive material to secure the best
results.  Assuming the invention to be car-

- ried out in connection with the manufacture
" 20 of the nickel mass and that metallic flakes of
cobalt or cobult-nickel alloy are used there-
with, then, the best results are secured .in
practice when the conducting films or flakes,
overlving’ and lapping Upon one snother,

25 constitute a close net—s\'ors{ of metallic con-
ductors, extending in- all directions through-

. -out the inass, the active particles being
- closely compacted in engagement with the
conductors. so as to make good contact

30 therewith, and proper cireulation through-
out ‘the mass being afforded by providing

- _the mass with o net-work of - circulating
channels extending in all directions and pre-
senting a substantially predeterivined pro-

35 portion of porosity relatively to the entire
mass.  AsTIpoint outin my said application,
these peculisr characteristics: are secured

" when the electrode mass is subjected to
special treatment before its introduction

40 within the containing-tubes, during its in-

troduction therein; and_ subsequent-to such

introduction,and this special treatment com-
<prises my present method and will be clain-ed

~ hersin, Broadly stated, myimproved method
45 comprises: . . .
~ Iirst: Covering the. particles of active
“materi: 1, such as nickel hydroxid, with the
 conducting films, flakes or scales, preferably
_cobalt or cobalt-nickel ¢loy, by a, process
50 like that disclosed in my application. filed
© March 30th; 1905, Serial No. 252,931, where-
in the particles of sebive muterial are. first
coatod with a very sticky substance like glhu-
_cose, after which the conducting flakes or

v

'Specification of Letters Patent.
. Application filed November 2, 1905, Serial No. 285,661, .

" Patented Margh 3, 19'08.

scales are added and intimately mixed there- 55
with, so as to adhere with suflicient tenacity
to the active particles as to.prevent segre-
gation during manufacture. This: special

treatment presents -important advantages

in connection with the present invention, as 60
will be explained. C

Second: The mass obtained -in this way
is now introduced within perforated non-de-
formable inclosing pockets of sufficient
strength to resist the bulging or-disrupting 65
strains encounteéred in actual use, and due to
the tendency of the active material to ex-
pand by absorption of the electrolyte, by
electrolytic actiom, and by: the. pressure of
gas. generated within the mass. Int thus 70
filling the pockets with the mixture of active
material and conducting flakes, I introduce
the mixture within the pockets in relatively
small increments (from fifty to"a hundred
increments. for eight grams of the mixture) 75
and I subject each increment to-one:or more
tamping pressures, preferably as mueh as.
20,000 pounds per square inch, each pressure
being substantially uniform, so ‘that the
mass throughout will be umformly highly so
compressed. ~As a result of this operation,
the active particles will be crushed and de-
formed, so as to penetrate the films of sticky
material, greatly extend the area of contact -
with the conducting {lakes and. prevent the 85
smaller particles from being isolated or from"
making 1mperfect or superficial contact with
the conducting flakes, and the conducting’
flakes will be pressed together to overlap-and
form a net-work of conducting paths extend- 90
ing in all directions throughout the mass.

| The mass, as a whole, will furthermoreé-be s0

closely and tightly consolidated as to prevent
relative movement of the active particles
with respect to the conducting finll{es, and 95
relative ovement of the. conducting flikes
with respect to each other, as-Fhave-discons,
ered that if such relative movement taxes
place the contact condition of the mass will
be seriously impaired. '
Third: After the mass has been thus

100

 packed in increments under high pressure

within the perforated non-deformable in-
closing pockets, and the latter have been
compressed at their ends upon small cups or 105
diaphragms engaging the extremities of the
mass, the sticky material or. binder is re-
moved from the mass by dissolving it out,
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preferably in sﬁghtly'alkaline water to pré—
vent rust. This removal of the binder re-

sults in the formation within the mass of a.

net-work of circulating channels which are
Important in perinitting. the electrolyte to
readily penetrate the mass and circulate

~through the same, thereby allowing a large
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amount of the electrolyte to rapidly reach all
parts of the mass to accommodate high dis-
charge rates. These . circulating channels
also permit the mass to deform internally
under swelling pressures, which, if the mass
were perfectly consolidated, might burst the
containing pockets. By forming a net-work
of circulating channels in the active mass, as
explained, T am enabled to very perfectly
regulate the relative proportion of porosity,
merely by regulating the amount of sticky
material admixed with the active particles
in the first instance. :
" In order that the invention may be better
understood, attention is directed to the ac-
companying drawings, forming. part of this
specification, and in which— _
Figure 1, is a sectional diagrammatic view
of a suitable apparatus for fi ling and tamp-
in% the active mass within the non-deform-
able containing pockets, and Fig. 2, a front
elevation partly in section of one of the com-

plete electrode elenients. In both of these-

views corresponding parts. are represented
by the same numerals of reference.
‘The pockets ~1 are preferably tubular,

“formed of a perforated strip of steel about

004 of an inch in thickness, first carefull
plated with an alloy of cobalt and nickef:
after which the strips are subjected to a weld-
ing temperature in a hydrogen atmosphere,
being then formed into tubes, The tubes in
question are preferably about four inches
long, and about one-quarter of an inch in in.
ternal diameter. Surrounding the tube is a

-number of seamless nickel rings 2; fitting the

tube snugly, and adding very materi&lfy to
the strength of the tube 1n resisting bursting

- strains. The filling of these tubes is prefer-

50

656

60

ably performed in a suitable apparatus of
the general type disclosed in m application,
filed October 14th, 1905, Seria,
and shown diagrammatically in Fig. 1. 'One
or more of the tubes are placed in & suitable

sectional holder 3-—3, the sections of which.

are tightly clamped together and closely en-

: Eage the tubes, so as to resist the enormous

ursting strains encountered during the fill-
ing operation. The holder also comprises a
base 4, for recsiving the sections 3, and pro-
vided with an extension 5; extending within

.the tubes and defining the extent of the tube

which is to be turned over upon the com-
pressed material, as will be understood.

" The sections 3 are provided with recesses 6

65

for receiving  the strengthening rings " 2.
During the tamping of the material within
the tubes, the latter will expand slightly into

No. 282,692,
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very close and intimate contact with the
strengthening rings, preventing any liability
of shlfting-orf? the latter. It will be under-
stood that the sectional holder is provided
with a series of chambers into which & num.-
ber of the tubes will be snugly received, so
that a plurality of tubes may be simultane-
ously filled. Leading to each of the tubes
is an auxiliary hopper 7, for guiding the
successive increments of material ‘therein.
These increments are supplied from a main
hopper 8, the bottom of which comprises a

-rotating shaft 9, haying pockets '10—10

therein, the size of the latter depending upon
the bulk of each increment. Cooperating
with each tube, is a tamping plunger 11,
formed with a weight 12,

of suitable mass.
-and provided with a rack 13, with which en-
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gages a toothed cylinder 14. The cylinder -

14 is 50 coordinated with the rotary shaft 9°

as to give one or two tamping operations on
each inerement. There is o substantially

85

greatet number of teeth on the rack 13 than .

on the cylinder 14. As the cylinder 14 ro-
tates the teeth on its periphery engage the
rack 13, 50 as to lift the plunger 11 to an ex-
tent depending upon the number of teeth on
the cylinder, and when the last tooth on the
cylinder leaves the rack 13, the plunger will
drop. The rack 13 is of sufficient length to
permit the teeth of the cylinder 14 to give at
all times a complete lifting movement to the
plunger, so that it will be understood that

whether the plunger is engaging an incre:- ..
‘ment near the bottom of the tube or an in-

crement when the tube is wholly filled, the
first tooth of the cylinder will engage some
one tooth on the rack, will then lift the rack

through a distance corresponding to the num-
ber of the teeth on the cylinder, when the

plunger ‘will drop. As the tube is filled up
the cylinder
teeth which are lower and lower upon the
rack, but the rack will always be lifted up
until each'of the téeth of the cylinder has en-
gaged one of the teeth on the rack and there-
fore the plunger will always drop the same

distance and” therefore impart the same:

tamnping blow. - '

In practice I permit the plungers weighing
three pounds each to drop a distance of five
inches; and the diameter of the plungers is

teeth will engage with rack’

90

95

100

105

110

115

ebout one-querter of an inch. In this way I':

deliver a tamping blow of ehout one thou-

sand pounds on éach increment, since the

plungers are brought alinost instantaneously’
 to rest. . At the same time, by imparting a
very great pressure in only a fraction of a-

second, the plungers although of small diam-
eter, have no opportunity of becoming dis-
torted, or breaking, as would be the case if

the same pressure were applied gradually, as

in a hydraulic press. Usually provision is
made, as disclosed in my said application
last referred to, for arresting the operation of
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the feeding and tamping mechanism when a
- .- predeternmned nu: nber of mcremcnts haye
" been introduced ¥ hin the fube
.. ticing my method in conju _ctum
S paratus, hflvmg the cha'ruct
.. proceed ‘substanticlly-a
V7 Cfive iaterial, suches
L of mcLel hvdroxld, wlplch Kive!
sereened for mstmce,, throutrh

beer __f' irst.,

- tion iy the size thereof, ore i first éogted with'}
' v st ‘mgteriz] Suehiss, n*olcsses or’
e, pr(\fe ably thelatter, the degree of
-ancosmv ‘of the sticky matemc “Peing 'very’
K noy mtlmatelv wix with’ the & sticks

ss, ‘a suitable, _proporfion. of ‘Coriducti

1t or -cobajt-hickel alloy W and
nixing' untl] the onductm -Hok
el v ooV .

W e1gnt of Acrushe;d nlcke] ’hydroxld
ed f‘n‘oug irtveneslitscreen; 20°

: -, &nd 20 per-cent. of a VBI'V Viscous'g

o u)se, sufficiently stlcky to fssten the flakes
i the mckel granules dnd prevent their’ detaéh
. wntdurmumnnufacture

¢ mixture ‘being' intro
small increnients, ideéf

mmed by 2 1e size of the' pbckets 10 'f-,Whe,re" b

55 8 smgle tamping operatlon is{ performed on
' each mcrement I find that, thie’ best results

¢ g vcx*emenb is tampe(] twu,e ﬁfty mcrements-
- ey be_successively” mtroduced “the latter |
"'substzntwlly “being ‘preferable.”” By’ applv—

- cesswe small nticrements, -the msass will not

7 peftlcles will ‘be’ broken

pez‘nntted by the presence of the stlckv me-

?

R

IS, \ho]\e;and

y thi ’nductmg scales “or flekes.
me time; the’ ressure forces the ne-
5 tlve p°rtlcles through

terial into éontrct with the'conducting flekes

: : “displaces the. stlcky ‘matéris |,
- “SWhich accumulates in- the many ‘minute:

“terstices. presented ‘bétween the particle

u(v ‘the gctive: ESS.

* ranterial pljeVents it from being sqlieézb ot

T of ‘the. actt

pores of “the active’ partlcles

" formed;’ the 'mass presents a very ‘compact;
body under great pressure, and“

1] comp()swe ‘

" ,n pmc— 1

..‘1rflcles of gl“llules

“'sereen s0 ¢5 not to secure too O'reet a Vzkrm--’
L & 'lubtics tmg effeét, porlmttmw the,p

Kes o sca]es, preferably fly kés of- n'etﬁlhc_‘ bulk,

1t. of Aake obalt or’ fl ke cobglt-nickel | 't
flu= | nickel cup or ‘diaphragm 15, Kivirig: sharp-
over, eddes, is forced n' upon the”

‘Oidiriarily's bout'|"

30: mgnt grains of- the mixture’ will be intro-*}'of"
d 1tlun tne ubular pockets of the di-"

I'in _the’. foxjmatlon O

a’r_npmg pressure on’ suc-.

- '1t'fim the’ tubes, but’ 'hlgh rate;
“down and" deformed s0 as'to close up the in--
. terstices between the same; (§o farcg w i1l he
a- two-fold purpose (t.-e: fo'cause the con-
0 ferizl) thereby consolidating the mrss es ¢
: -bringing all the- active partmf’ s |
ht"ct "with the condueting paths.

he fils of sticky ma-<’

The viscosity of the sticky

-méss_ghd.frofi-. entel‘mn" tho"._
TAs'T thus-"j
“dition "of ‘the mass as 8’ “whole;

8
oontammv minute counected bodies, of ‘the
sticky mn,tcrl al as displaced by the prossure
(?b\'musly,' &s & result of the ta) ping jres-
sure, | the Hig'ss w111 also he¢ forced into inti-
ontact with ‘the’ ‘condlieting walls of
ibuldr pockets, 50 £8
ticetcontact thh the's si
‘consolidatic fess 15 aia termllv 2~
cilitgted by the plt".s" ¢ of the glitcose or
‘ofher; stu‘kv iateriel, w In( h Appmeutlv has

secure good elec-
T'find that; the

‘under the ts mpm’v pressure.to maore -
‘shilt’intg their ultims: ¢ positions, 4
o irg the individuz] prrticles fo. b
résdily compseted or deformed As amhat-
iter of fact, end noty ithstanding the added
f*the stlc I (.l," I lmvc_v '

been mtroduced and ﬁamped within' the
ock ts “any excess theteof |i§ re-
oved at! the upper énd’ by reammg and a

ned turneg

ve ass’ at ea, ‘end ‘and twhtl ‘éom-
: ’ asshow’

/ -_tumed ove

ngxtudlnp,l expansion’
J The sticky ‘material or
inder 187 removéd’ either before or after
the’ eléetrode. elements have been’ assembled
in'a suitable grid, and thisteffioval is éffected

1'by soaking'the ‘tubes, in water, slightly alka--

 line, so as to dxssolve it out. This Tesults
-net-work of minute

d*‘channéls, érevices and pockets,
which are ‘important “in 'pefmlttm(r the free

'escape for gas, and ‘at:the same ‘finiie’ allow-

ing 8’ ra.pld clrculatmn of 'the eleetrolyte to
'acgommodate discharges at’an exceedingly
~Thé ppen’ spilces’ Wl jehin’thié ass
Hich are ‘this formed hiny oceu'i‘ 95 per
'cent or thore of the entire mass I)":e use of ’
a sticky materia] is, therefore, ‘important for

ducting flakes to adhere to, the activ

“cles, and to restilt in the format'on of’¢iréu-
lating channels) and if 'hotie were used—or

afi insufficient ‘amount were ‘sed-—the mass

‘would he. too’ hon~Porsis ‘to permlt a. suffi-
- ciently ¥a
Accommo

Hld eirchlation of the electrolyte to
ate desired high discharge rates. -
‘Onthe other hand care mUSt “be ‘exercised
‘not to iise too much of the: stlcky matema] as

. to ,honey—comb the mass to too. prédt’ an
“extent; as'thergby ‘the mass
}structurally and ‘there
"1;he active’ pai‘tlcles ‘and’ ‘conducting: flakes-

W(‘)uld be weak
world be:! Hability of

10¥7ing: reTatlver to 1mpa1r the: contact c¢on-
( After “the
stlcky matemal has been ’removed the actlve

er §he proper amount of,‘ectwe materml'

he ends.

70

75

80

90

95

100

110

115

120

125

130



" mass -constitutes & porous coherent.bod

about as hard as soap-stone and ctitting with-

about thesame facility. It is,in fact, sohard
that it may be polished without crumbling.
Under the microscope, the overlapped con-
ducting flakes appear as a delicate tracer

of vein-like conductors; extending "in all
direc¢tions throughout the mass, and forming

. a conducting net-work with which the active
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~ with sufficient rapidity throughout$he mass;’

particles are in close contact. In use, the
absorption of the electrolyte by capillarit
and also electrolytic changes, egeqt a swell-

_ing of the active particles, but any deforma-
tion is permitted internally by reason of the

presence of the met-work of circulating
channels, and the pressure on the walls of the

container'is insufficient to disrupt the same..
. This sweﬂmi;s not sufficient to close up the-

circnlating channels and does not, therefore,
interfgre with the perfect and rapid circula-

“tion of the electrolyte, nor with the escape of

gas. As a matter of fact, the particles of

nickel hydroxid are thémselves quite porous, |
-but not to a sufficient extent, ).g

upon, to permit the electrolyte to eirculate
but- by providing the mass’ with connécted

_“passages extendin% throughiout the same, the

- electrolyte is enab

30

35

‘ ed to readily. and rapidly
penetratis the mass in all directions; so that

the porosity of each particle has only to be.
relied upon to furnish the necessary supply.
".| ing fla¥es will be caused. to adhere to the ac- -
tive particles, in introducing the mixture so .

of the solution to its own minute mass. -
Having now described niy invention, what
I claim as new therein and desire to secure by
Letters Patent is:as follows: -
1. The method-of making electrode ele-

" ments which consists in introducing a mix-

40

ture of particles of active material and flake-’

like conducting material within non-deform-
able inclosing peckets, and m applying &

pressure to such material sufficient to c¢rush -

or. deforin the active particles and cause

“them to substantially follow the ‘contour of

45

‘the conducting flakes, as end for the purposes
setforth. - . - -

2. The method of making'cleétfd’de ele-
ments, which ¢onsists in introducing within

* - a non-deformable inclosing” pocket in suc-

50

- 60
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_purposes set forth.

cessive small increments, a mixture of parti
cles of active material and flake-like conduct-
ing material, and in applying to each incre-
ment after its intraduction sufficient pressure

- .to deform or crush the active lpa,rticles' and
65

cause them to substantially follow the ton-
tour of the conducting flakes, as and for the
" 3. The method of making electrode ele-
ments, which includes adding a sticky binder
to the active particles, so as to substantially

coat the surfaces of the latter, in then adding.

to the sticky mass flake-like conducting
material, whereby the conducting flakes wi
be caused to adhere to the active particles i

in
introducing the mixture so obtained witﬁin

alone relied.

'|.and for the purposes set forth. -

880,079

non - deformable inclosing pockets, and in
ap¥lying to the mixture sufficient pressure
to force the active particles through the films
formed by the binder, displacing the latter
into the minute interstices ?orme within the
mass.and spreading the active particles with
respect to and upon the surfaces presented
by the conducting flakes, as and for the pur-
poses set forth.. T

4. The method of making electrode ele-
ments, which includes adding a sticky binder
to the active particles, so as to substantially

to the sticky mass flake-like conducting ma-
‘terial, whereby the conducting flakes will be

coat the surfaces of the latter,in then adding

70
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‘caused to adhere to the active particles, inin- -
troducing the mixture so obtained:in-succes- -

‘sive small increments within non-deformable -
inclosing pockets, and in applying to each in-

crement sufficient pressure to force the ac-

the binder, displacing the latter into the nu-

: _ 85,
tive particles through the films formed by -

nite interstices forined. within the mass and

spreading the active particles with respect to -

‘and upon the surfaces by the conducting

ments, which consists in adding.a sticky
' binder to the active particles, so as to sub-
stantially coat the surfaces of thelatter, in
then adding to the sticky mass flake-like
conducting material, whereby the conduct-

.obtained within non-deformable inclosing
" poclets, and in applying to the mixture sufti-
cient pressure to force the active particles

Placiug the latter into the minute interstices

L active particles with respect to-and upon the
and in finally removing the binder so as to

thereby result in the formation within the
mass of & net-work of circulating channels, as

" 6. The method of making_ electrode elé-
ments,. which ‘consists in adding.a sticky

stantially ‘coat the surfaces.sf the latter, in

fla¥es will be caused to adhére to the active
tained in successive small increments within
plying to each increment. sufficient pressure

formed by the binder, disj ldcihﬁ"

into the minite interstices formed within the

tion within' the mass of a net-work of circu-

formed within the mass, and spreading the'

90

flakes, as and for the purposes set forth. ~ . . -
5. The method of making electrode ele-.

96
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-through the films formed by the binder, dis- -

105

surfaces presented by.the conducting flakes, -

110

-binder. to. the active particles, so as to. sub-""

115

then adding to thesticky mass, flake-like con-- -
1 direting “'thaterial, whereby .the conducting -

particles, in-introducing the mixture so.ob-. "
120
non-deformable inclosing’ pgckets’and in ap- .- -

to force the active particles through the films
the latter’ -

i85,

‘mass and spreading the active particles with -
respect to-and upon the surfaces by the con- -

(ducting flakes; and in finally removing the.
' binder so as to thereby result in the forma-

130
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lating channels, as and for the purposes set
forth. 5
- 7. The method of determining the porosity

- to be present in the active mass of a storage

.o

10

15

battery electrode, which consists in adding to’

the active particles a predetermined amount
of a soluble viscous material, then in adding
a flake-like conducting material thereto, then
in introducing the mixture within a suitable
inclosing pocket, then in applying pressure to
the mass, and finally, in removing the vis-
cous material, wheregy the spaces previously
occupied by the same will exist as a net-work
of ¢irculating channels extending in all direc-
tions throughout the mass, as and for the
purposes set forth. L

8. The me. od of making storage battery
electrodes, which consists in introducing in
successive and very small increments, active
material within a non-deformable inclosing
pocket, and in subjecting each increment to
one of more tamping blows delivered by a
weight falling always from the same height
above each increment, as and for the pur-
poses set forth. , ‘ '

This specification signed and witnessed this
31st day of October 1905.

THOMAS A. EDISON.
Witnesses: ‘

Frank L. DyEg,
Axna R. KiLEHM.
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