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This invention -relates to the process of
manufacturing electrical condensers of high
capacity, :small; bulk; and .dry.solid type
suitable for:mse.in.radio battery eliminator
circuits and other:electrical apparatus; and
for has:its object: the- productionof uniform-
ly goodicondensers:of durable. quality re-
quiring no. watefing: ‘or. servicing’-attention.
~:il'o.- obtain -large ‘capacity: in--small;-bulk

-at'reasonable -expense, ;paraflini-paper; type

condensers ‘aie unsuitable, as;are .also,wet

" condensers.:;employing-liquids, pastes, - or
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jellies therein.. Confronted:by the necessity
of preparing condensers:iof.uniform: quality
at low:coest- I.have:conceived ‘that:they can
be. produced electrochemically:in: solid form
reseinbling a rock in -hardness and :perma-
nently .sealed ~for use in sérfvice -with- free
liquid. .absent .therein, thus: preventing : the
electrodes thereof from corroston or-solution
into:the active: dielectric material employed-

- My method:for producing such condensers
shiould :hot be: confused with electrolytic wet
condensers. using’.solutions, -pastes, or jellies
as .the terminal  product;is a solid mass_in
texture, -affording: higher ‘capacity, greater
-dielectric : value, “permanent -stability,. and
uniformity in-production.. - Heretofore elec-
trolytically  prepared conderisers:have . been
defeated’on the :point of durability because
no provision -has-been made to prevent: the
metal -electrodes employed. dissolving into
the solution employed. - I -have conceived
that the:way to avoid this is to vemove all
free liquid which can react chemically with
the metal electrodes during-the processing
6 that the terminal product is substantially
2 solid material with no ‘uncombined mois-
ture or liquid capable of .further solvent ac-
“tion thereon. I accomplish this by employ-
ing a chemical mixture preferably made up
from salts which can be prepared as a hot
liquid from which interlocking crystals will
form on.cooling and simultaneously. passing
forming electric current therethrough while
crystallization takes place, preferably in-
creasing the: voltage at which the electric
current 1s applied at the time crystallization
ceinmences, I prefer to employ a basic salt
mixture containing ammonium and for ex-

- .ample may use ammonium- phosphate, or
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ammonium phosphate mixed with sodium
phosphate, or ammonium phosphate mixed
with ammonium borate, eniploying concen-
trations thereof -which are liquid at high
temperature such as 100 degrees C. and be-

come-a solid mass of crystals upon cooling
down :to room temperature. e
-~ Various changes and modifications may Le
made within. the scope of the- appended
claims and I.will now describe. by ‘way of
example, a;suitable mode of processing such
electrical condensers in ..accordance. with
my invention. ... = v . ‘

. Reference ‘is. made to the accompanying
drawing:of avhich the figure is a schematic
diagram"illustrating a suitable processing of
a condenser, it being understood:that-a plu-
rality. of: condensers can be proceéssed simul-
taneously,.additional units being. connected
‘to - clip -terminals: .16. - The . positive elec-
trode 9 and negative electrode 8 are held
1n.container I spaced by blotter sheets 13 and
14.. Inner terminal 4 and outer-terminal 5 of
sheet;: 9. comprise-the positive terminal con-
nection for sheet metal 9 and may be conven-
iently formed at the respective ends of said
sheet9.: Similar-inper and outer strips 3, 2
respectively are forméd. from the ends of
negative metal "sheet 8 and :comprise .the
negative terminal. - -An -adjustable rheostat
6 serves to regulate the, current flow from
battery 7.to terminals 16 which are fastened
to strips;5, 4 and..2, 3. respectively. The
¢hemical 11 in. pour pot 12 can thus be ap-
plied to impregnate sheets 135, and 14 and
coyer metal sheets 8 and 9 except at the top
of terminals-4, 5 and 2, 8 respectively which
are subsequently. :covered with protective

pitch.. sealing “ material as lercinafter set j

forth when the container 1 is sealed. A fan
10 can be connected via plug 15 to a supply
line to -facilitate cooling of the contents of
container 1. ‘
" -A condenser consists of electrodes sepu-
rated by a dielectric material and it is known
that the dielectric value determines the ca-
pacity as also does the area of the electrodes
and -the effective "distance- therebietween.
However in electrochemically formed con-
densers the distance ‘between electrodes
which is effective comprises & minute layer
formed on one of the electrodes by the de-
compostiion effect of forming electric cur-
rent sent thru the condenser. I find that
the dielectric .constant can be greatly in-
creased: by operating the condenser at pres-
sure greater than atmospheric pressure, thus
forcing the minute layer at the electrode
into intimate contact therewith.

I-can make condensers for either high or
low "voltage operating service for use in
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cither “B” or “A” radio power units. Ior
example, a condenser suitable for use-in an
“A” climinator device may be prepated -as
follows:

Two sheet ah‘mmam stups e%h of 008
thickness are prepared interleaved- with two
sheet sirips of cotton linter blotter paper or
other suitable absorbent-‘fibrous . material.
Terminal strips are taken out at cach end
of i¢ach aluminum strip so-that electric cur-
rent can be fed therethrough from-both ends
of each strip. These strips-are Substantially
wound in convolutions w1th the blotter paper
separating the aluminum strips, making the

3 outer .contour:of the winding ‘an- elhiptlcal

oval shape.. ‘The: aluminum sheets may- each
comprise a strip 714 inches wide and 8 feet
long with the terminal strips'thereof 1 inch
wxde and 5 inches1ong at -each- end:thereof.
‘he blotter strips may each comprise wehite
blotter - ‘prepared from cotton linters known
in ‘the ipapersteade :as' 80 'péund “stock isoft
rolled grade, 8 inches ~wide and 81 -feet
long.
c;tnps are used-for ‘each condenser. © .-
‘When so wound, the alundifruim and blotter
strips :are’ preferably p]aeecl anaicontainer
which is' proofed ~against ‘the ‘destructive
netion of -a hotiliquid :and: shaped ‘tofit the
oiiter contour of the wwinding. ~Thus*for the
above stated winding a: p'l'per ean 9-inches
hwh avith cross -section‘in ‘tlie form of an
oval “about 214 inches “wids :and 4 inches
long is suitable when“wound:avith “five ply

i2 paper coated ‘with asp‘mlt :pitch, - capped

with -aluminum:end : ‘piece::and coated with
n theat resisting «wax containing- ’paxafﬁn
The condenser avinding s placed in -the
saxd container so that-the terminal strips
project out from ‘the top ‘thereof while the
container holds the! wmdm« in-place. * A hot
chemicdl mixture in hqueﬁed “dorm is now
poured into the container:to 1mpre¢rnate ‘the
hlotter strips therein. This inixture may
comprige one: part- by volume of ammonium
phosphate to eight “parts of :sodiwn phos-
phate inter mixed and heated to boiling point
with the -addition-of only a little- distilled
water sufficient’ to -make up for evaporation
1oss occurring during ‘the -processing. - At
about 100 degrees centigrade a clear ‘hot

Jiquid-results from wwhich the top scum:there-

on caused by impurities .may be ‘removed.

“This Tiquid will onli remain in-liquid form

while hot-and upon cooling the salts crystql-
lize out as .a solid n‘texlmked ‘mass of
crystals,

When the chemical nmrtme aforesaid has
been poured intothe conlainer, direct:flow-

‘ing current at six to eight’ volts pressure iIs

'lpphod between the wound:aluminum sheets.
Connaction from a source of direet current
is made to both!the inner and outer:terminal
strips of one aluminum sheet at common po-
tential, so that eurrent flows wel distributed

Tro-alumminum ‘strips anditwo blotter -

aid.
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therefrom thruthe chemical mass held in the
blotter -sheets to the other aluminum strip
which similariy has its inner and outer ter-

. mvnal ends comuected at common potential.

" The Tforming ‘current thus polarizes one
alummum: s,,tu,pﬂ positive and the other re-
mains iegative thereto. At first a large cur-
crent will - flow,- for example 10 amperes.
However as folmmo action begins this cur-
rent will reduce a vtomatlcally to one or two
amperes. After the chemical mixture begins
to cool -sufficiently -so-ithat :crystallization
commences -as-may be: determined by ::ob-
gervation, I.prefer to immediately raise the
voltage :at which the :forming current is ap-
plied.” - This:sudden c¢hange of :applied -volt-
age -wréatly:ireduces: the- “time required ifor
formation when a)phea ;just-at ‘the instant
crystals begin to form in'the cortainer.- The
voltage selected should be slightly :higher
than the voltage atwhich the condenser:is to
be-operated -in-service. . For e‘mmple if:ithis
condenser s to withstand 12 volts 1n operat-
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ing service;. ‘the - terminal rvoltage applied - -

after Crystalhzatxon starts-may ‘be 13 velts.
During - the forming :action some of.:the
aluminum --combines -chemically -with :the
chemical mixture.:and energetic ‘bubbling
may be-observed. It isinecessary to continue
the forming until such bubbling can no:long-

erbe observed at:which time the ¢ chemical mix-
ture will have become a substantiaily -solid
mass containing no uncombined solvent liq-
The ‘sluminum -sheets -will ‘thereafter
not be able:todissolve in or combine with
the chemical mixture:to further reduce the
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thickness-of the aluminum sheets as'the solid

mass becomes: hwhly resistant  to :such. fur-
ther corrosive .action ..thereon. Electrical

urrent can however freely flow:between the
aluminum- sheets thiru ‘the chemical crystals
held in the blotter .paper, the :direction of
flow being -now polarized according to .the
direction at which the forming: electric cur-
rent was applied. The condenser in the con-
tainer is now scaled frem the atimosphere by
pouring molten pitch in at the top over the
condenser, after which the condenser is able
to operate at .pressure greater than.atmos-
pheric pressure as aforestated. The increased
pressure is self produced in the condenser
during service ‘thereof due to chemical, elec-
‘trechemical, or molecular. expansion ch'mves

‘inherent therein, but sufficient .excess .pres-

sure to burst the container seal:is not at-
tained due to the elimination of excess liquid
from the chemical mixture during the:proc-
essing aforesaid. Such a condenser can be

nploxefl in a battery eliminator or :other
clectrical circuit mounted in any . position,
vertical or horizontal as:there is nothing to
splll therefrom. It will have high mp‘lmtv
of the order of 4000 'mcrof‘u'ads, aood dl—
electric strength, and durability with mini-
mum leakage current. The measured Jeak-
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age current of such a condenser-is of the
order of one milliampere at ten volts ap-
plied in the correct sense ‘according to the
polarization of the condenser. In the reverse
direction, a large current can flow. Such a
condenser is very well suited in a circuit for
filtering out alternating current fluctuations
from rectified current supply. “A’ condenser
for service on higher voltage can be similar-
ly prepared except that less area is usually
required in the sheets'used and the chemical
mixture is preferably comprised by am-
monium phosphate mixed with ammonium
borate with the latter salt in a minority pro-
portion in the mixture. Various other chem-
icals or metal sheets may’be applied in a
similar .processing as long as ‘the requisite
steps pointed out are observed so that the
metal will not be lost. in service by going
into solution with the chemical mixture em-
ployed. The forming current should be ap-
plied at a voltage .greater thah the service
voltage on which the condenser is to be used
and not brought to such value until ¢rystal-
lization has started in the chemical mixture
cinployed. B .
A condenser for use in a “B” eliminator
may comprise two aluminum strips.1’” wide
wound interleaved with blotter paper with
the length 40 inches, similarly treated, the
chemical mixture used being preferably one
part by volume of ammonium phosphate to
one third part by volume. of ammonium
borate. ‘Whatever chemical salts are select-
ed, they should be capable of forming inter-
locked crystals resembling a solid mass at

room temperature and not individual or in-

dependent separated crystals. : It is advan-
tageous to progressively increase the voltage
at which the forming electrical current is
applied by increments as the crystallization
progresses. If a large mass condenser is to
be made this way external cooling may be
advantageously applied to hasten the forma-
tion of the crystals, as for example an air
blast or cold water bath external to the con-
tainer. In any case it is very advantageous
to change the pressure forcing the electric
forming current thru the mass at the time
when crystallization commences and to con-
tinue the flow of forming current until sub-
stantially a solid mass of crystal results so
that thereafter said crystals have substan-
tially no opportunity to react chemically to
destroy the aluminum sheets exposed there-
to. A very stable condenser results when
this precaution is observed whereas other-
wise, an incompletely formed condenser may
burst the container in operating  service.
The container should not be sealed until a
substantially rock like mass results therein.
Tt is important to have the container con-

form in shape to the outer boundary of the

convolution winding so_as to exert sufficient
mechanical retaining force thereon during

8

Service, It is important that the forming
current - bé “applied simultaneously as the
crystallization occurs, if a good condenser is
desired.” It is advantageous to have am-
monium in’ the ‘chemical mixture employed
as'same has a beneficial action on the alumi-
num sheets -tending, to ‘resist solvent action
of the chemieal mixture thereon.’
~ I have now set forth the steps of my
method of processing condensers.. The exact
mechanical dimensions are not important as
long as the principles set forth are observed.
It may be remarked that chemical salts pre-
pared in a solid interlocked mass in’ this
manner have conductivity properties -dif-
ferent than in’the case of an electrolyte con-
sisting largely’'of water. The salts in ‘the
completed  condenser contain substantially
only their own water of crystallization and
no’ free uncombined liquid is present. The
blotter. paper exerts a cooperating action
tending to preserve the chemical mass at its
best operating efficiency. The chemical mass
in the blotter paper has conduction char-
acteristics more resembling-the conductivity
of a metal conductor thian that of a liquid
eléctrolyte and undoubtedly includes a cer-
tain -amount of aluminum combined electro-
chemically, therewith' during the forming
process: because a characteristic dark color
can be observed on the originally white blot-
ter sheets when the condenser is completely
formed. This differs from the whitish
metallic film. noticed on aluminum in elec-
trolytic wet solution type of condensers.
" Iclaim: - " ~

1. 'The process of preparing an electrical
condenser which consists in subjecting alu-
minum to the ‘forming ‘action of electric
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current in the presence of chemical crystals ,,;

concentrated as a hot liquid when the elec-
tric current is first applied and progressive-
ly increasing the voltage mainfaining said
electric current as crystallization proceeds
therein until a substantially solid state is
reached thereby. .

2. The process of preparing an electrical
condenser which consists in subjecting alu-
minum sheets to the forming action of elec-
tric current in the presence of chemical crys-
tals concentrated as a hot liquid with which
said aluminum material can react when elec-
tric current is first applied and progressive-
ly continuing said electric current under the
pressure of increased voltage as said chemi-
cal crystals form from said liquid until a
substantially solid crystal mass results there-
from highly resistant to further reaction
with said aluminum to an extent which sub-
stantially prevents chemical combination of
said crystals and aluminum thereafter.

3. The process of preparing a stabilized
electrical condenser which consists in pass-
ing electric current hetween aluminum sheets
exposed to a chemical mixture maintained
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i liquid state when.said current is first .ap-
plied and clm,ng “the’ pressure at which
said current is applied toa hwher,voltage as
crystallization occurs. in said chemical mix-
ture, continuing this treatment until,a sub-
btantxally solid mass of .crystals results from
said .chemical mixture to.an .extent . which
substantlal.ly ,p;,eve.nts further ‘chemical re-
action thereof into. molecular combmatlon
with said aluminum. thereafter. | ;.

4. The process. of preparing a stablhzed
electrical condenser of high dlelect"m value -
which consisis . in. fclclng forming electiic
current between alumwnm reets . .exposed

i0

18 to ammonium salts maint: d«led in llquld
state when said curgent is first, ]apphed rais-
ing the \oltage at which s;ud cuucnt s ap-

(,lecfnc cur x;ent can theLeafter ﬂo,w th,h sub-
stantially no further soment actxon of sald
.sa‘ts ¢n-said aluminum.. .
The process of pleparmg a stablhzed
dectnq'll condenser of high capacity, which
consists in .forcing,. fox:mmfr electric, gurrent
between (.lummhm sheets : expose(I to. a salt
mixture containing .ammoniym and.,
taiped in liquid. state when. said., cu
first .applied, ., oohng.smcl salt’mi ture. to .
-crystallize same into the so],ld state t‘,xeleof
.and snnultaneouslv raising ‘the" voltage at
which said.elegtric current is applied:as,said
cocling .progresses -down :to:room’, tempera~
ture, until a substantnliy solid mass of crys-
tals awithout free liquid results, hlghly re-
sistant - to - further solvent -acfion .on said
-aluminum when clectrical: current. -,tl}ere-
after passed between said. ahhnmum sheets.
8. The method of producing electrical con-
lensers which comprises winding aluminum
sheets and blotter paper in convolutxons
Pplacing same in a container, then pouring
chemical salts in, substantl‘llv molten state
therein to impregnate said “blotter paper
therewith, .then passing electrical current
between said aluminum sheets and continu-
ing said latter treatment until said salts crys-
tailize as a substantially sohd mass therein.
7. The process for making an electrical
condenser  which ccmprises sandwiching
aluisinum sheets and blotter 1upe1',¢.nd plac-
ing same in a container proofed against the
thermic destinction of a hot lignid. then
romm«* 2 ‘vqm‘ﬁod cheniical into saild con-
tainer to impregnste said blotter paper there-
with. then passing electric.current between
said aluminum sheets, then, as crystals hegin
to form in said container increasing the volt-
aze at-which said electric current is.applied,
u;nf;.numfr this treatment until gas bubbles
are no-longer noticed in said contumer and
sealing said container contents fr om the at-
anosphere thereafter. - .
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8.-The process for production cf clectrical
copdenaers suitable foi seryice in battery
ehmm‘ltm circyits which comprises prepai-
ng ad]acent sheets of mgetal.and fibrous ab-
sorbmg naterial in a coatainer, pouring hot
chemical” hqu,ﬁed sall;s an. said- container,
sLmultaneously cooling sald salts to. cuslal-
lize same and paesmg electric current there-
through, .continuing the, & eatment yntil a
substdntml,.y 10(;1{ 11L¢ mass is atta'ncd with-
out free hqmd in said container, and then
seallno the contents of . said container from
the a mosphex c.
he' preeess of, plodac'nw a cendenser
qgutabie for ‘radig- -pow; lbattel y eamm‘ttm
cienifs which ; :CO nprises’ -prepaving adja-
cently’ (1lspp°ed Sheets of Caliiminum  and

,ﬁb.rous absorbm.b Jnjne) ialin a cout‘un v into
,\‘{:‘h‘l,qg Qa: igd ehemi 2al ca,pab’e of foxm-
ng 1nterlockmfr u)ct.x_ .15 poured, sohdxfy-
ing said: (*hemlcal and. snnultaneousl) pass-
ang . deqtmc clureni ];h(_:"ethrouﬂh until such
1t13me AP, there 1s subs ntially no Julther sol-
*.‘,'Q‘ t, action th,evcof on said’ ahum,num then
""" 0 tame" to inaintain the con-

sealing 5314, conf

tents’ theleof under a'pressure suitable for

‘the service-thereof and greater than atmos-

Ppheri¢ pressure. .-

e 10 The process for makma an_electrical
1p

,copaeus 1 €0 65, pIacmnr shicets of
ous. a sox ent material ind .cogperating
] Qtﬁw (;a,mer,' pouring a hot

lmt;mlcdl,lmxhn:e in said .colhtainer -n.nd re-
me; with sald .aluminum. under the
l’pi electric current applied initially
re,of about eight volts and finally
ab a hxbher wolta e, (ontmum'r the treaf-
JInent nutil said .chemical mL\tule has cooled
dO“,;l 10.a. substantmlly sohd mass including
no. free. llqu,ld other than the self containe:d
water of cryslalhzatlon thercor, and there-
mftel' seating said container to maintuin =
pressure thc"em higher than atmospheric
‘pressure. |

11. The proco&% for m"km«r an electrical
condenser of small bulk and Tar oe capacity
Constructed @s a unit of solidity m“mnm ng
a.rock in havdness which eomprises winding
.canvolutions of metal adjacent to perouvs
shéets, holding same in a container, ponr ing
a lxqmd clwnucql capable of cry sh-lh/m"
1intosolid staté therein, feeding elestiic cur-
rent betweén said ‘met tal com‘olu.mm so that
said ccurrent flows in said etal from hoth
‘the inner and outer po"hons of said conve-
lutions.apd through said \.mmwﬂ ag ervs-
_t..ls form therein, \vhnl'MW he current dcn-
sity at said inner and outer me ons of said
convolutions is app.omma.c‘y equalized, and
sealing said container when er v :hlh'rmon i
comp]eted

2. The process for m'\km(r an clectrical

condcnan of small bulk and Ta rge capacity
which comprises assembling metal and
fibrous sheets in a container, pouring a
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chemical therein capable of forming inter-
linked: erystals upon ceoling from the fiquid
state attained when poured, cooling said
chemical and simultaneously passing elec-
trical current therethrough, increasing the
voltage forcing said electrical current
thmugh said chemical after crystallization
thereof starts, and terminating said treat-
ment after the contents of said container no
longer include free hqmd from said chemi-
al

13. The method and process of making an
electrical condenser of small bulk, large ca-
pacity, high dielectric strength and qmlnht\'
whicli consists in assembling sheets of mcml
interleaved with fibrous absorbent sheets
a_container, ipregnating said fibvous sheetq
with a dhemical mixture capable of reacting
with said metal sheets, simultaneously pass-

¢ ing electric current through and crvstallizing
o - ™

said chemical mixture to substantially solid
form resembling a rock in harcdness and in-
capable of dissolving action on said metal
sheets after reaching said solid form, and
thereafter sealing said container from the
atmosphere to permit its contents to operate
under a pressure which is different than at-
mospheric pressure

S

14. The method of and process ol making
an electrical condenser of small Hhulk, large
capacity, high dielectric strength, and sta-
bility which consists in \\mdm(r sheets of
aluminum alternated with sheets of blotter
paper so that the outer contonr of said wind-
g resembles an elliptical oval, bringing out
mner and outer terminals fxom the respec-
tive inner and outer ends of each aluminum
sheet, placing said winding in a container
pouring liquefied salts confalning ammo-
nium therein, feeding electric cuvrent
through said calt: in said container while
maintaining both the 1ner and outer afore-
said terminals of cach partieuln alnming it
sheet at common pot tential wherehy spproxi-
mately uniformly distribnted curvent (lnnsﬂ
is maintained at each instant of time alone
the surface of each particnlar sheet of alumi-
num, CT‘Vot‘ll]lZlnﬂ’ said chemical salts and
increasing the electrical current flow theve-
through dmm(r the time when crystalliza-
tion commences, and sealing the contents of
said container from the atmosphere after
crystallization is substantially completed.

In witness whereof I have hereunto se
my hand this 7th day of May, 1927.

PHILIP . EDELMANXN.




