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We, AMERICAN CvaAnNAMID COMPANY, a
corporation organised and existing under the
Laws of the State of Maine, United States of
America, of Berdan Avenue, Township of
Wayne, State of New Jersey, United States of
America, do hereby declare the invention, for
which we pray that a patent may be granted to
us, and the method by which it is to be per-
formed, to be particularly described in and
by the following statement:—

This invention generally relates to improved
electric cell compositions and to the cells
which contain them and, more particularly,
it relates to improved cathodic compositions
for both primary and secondary battery cells.

The most common and least expensive
primary battery known as the Leclanche cell,
conventionally employs manganese dioxide as
the depolarizer in combination with a zinc
anode and a zinc chloride~ammonium chloride
electrolyte solution. This battery is inefficient
as a secondary cell and has the deficiency of
rapid polarization. An improvement in these
characteristics is obtained with a zinc-mercuric
oxide cell, but such a cell is much more
expensive and too heavy for certain uses.
Mercury is often in short supply.

A large number of substitutes for man-
ganese dioxide as depolarizer in the Leclanche
cell have been employed or proposed for use.
Among the suggested substitutes are many
organic compounds which are reducible and
have high oxidizing potentials. Such com-
pounds include nitro and nitroso compounds
and nitrols among others. In general, all of
these show some improvements over manganese
dioxide in cell characteristics, but these com-
pounds possess other deficiencies as primary or
secondary cell components. These deficiencies
include poor shelf-like, self-discharge, in-
adequate voltage, inefficient rechargability and
inability to be recharged efficiently after dis-

[Price 4s. 6d.]

charge beyond relatively high cut-off points.
Thus, there has been a continuing need for
improved depolarizers for both primary and
secondary cells that result in improved battery
characteristics while at the same time avoiding
the aforementioned deficiencies.

It has been found that compounds of the
substituted azodicarbonamide type, when used
as depolarizers in cells, produce batteries of
excellent discharge characteristics, while over-
coming many of the deficiencies of conven-
tional cell depolarizers, The substituted azo-
dicarbonamides used in accordance with this
invention have the formula:

-0 O
Rl ” Rs
>N—CmN = N—C—N<C

2 R,
where R, R;, R; and R, may each be hydro-
gen, or an alkyl of 1 to 8 carbon atoms, aryl
or substituted aryl, cycloalkyl, aralkyl, alkoxy-
alkyl, cyanoalkyl, haloalkyl, nitroalkyl, or
alkeny! group; and where R, and R, and/or
R, and R,, when alkyl, may be joined together
directly or through a nitrogen, sulfur, or oxy-
gen atom to form a heterocyclic ring; and not
more than three of R, R;, R, and R, are
hyvdrogen.

Therefore, in accordance with this inven-
tion, there is provided a cathode composition
for an electric current-generating cell, which
comprises a mixture of carbon, an electrolyte,
and, as a depolarizer compound, a substituted
azodicarbonamide in accordance with the
definition above. Furthermore, the present in-
vention also provides an electric current-
generating cell comprising an anode of an
electropositive metal and a cathode composi-
tion in accordance with this invention.

Thus, it is possible, for the purposes of this
invention, to use the substituted azodicarbon-
amides [azobis(formamides)] as depolarizers
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1, 113, 890 Into a suitably equi pped reaction vessel was water bath
at 70[err]C. for 5 mnutes during pl aced 2.25 grans (0.03 nol) of
sem carbazide which tine the color changed fromyell ow 20 and 25 nml .

of nmethanol. WhilTe this solutton green to dark green.
was stirred and cooled, 2.2 m (0.02 m.) of

The m xture was then
poured onto ice to give an

orange solid which 5 phenyl isocyanate was added slowy in drop- was
filtered and dried in air. The N-phenyl - wi se fashion, formng a white
precipitate. The 1,1'-azobisformam de was recrystallized from - reaction

m xture was st?rred for 30 minutes ethhh3I8%nd vyiel ded a red-orange solid

whi ch 25 Ltbgéerf@sdq}hgtﬁcg Q?am@t anft O&Bk&&l&‘s A0S (ﬁﬁ)% bpotﬂgrqg%t fornge& QE@&S ed at
184[er] C. ViRSsubsBR RN SEidtridly NinkyinhrafricMp, BARS, il -
simlar pr ocedmreorsetuaathetmpwatrthQheGStrm@ureﬂ ng Thetelhambte SOEm@ adelf GmdbEt dry
0 T e gl ety égw“’s e eg] g iPelle éw
obt ai ned  vad r " Stk b e lf icaltbt 3 o4 (cheBnE qublp‘@a{lt’sgiv@%eeﬂr&%ea Ah‘!&gs ‘
grans f r om 2eA! $yand uld@ ke afteﬁ'&‘lot'd nzﬁlxﬂﬂh B haladfe sal@fcontaiitp)thtions such
i socyanat e, N- neednlry icall&l thbbiylbut 3fnmetry 1?341{ easr 0@ I@é mm@rlseﬂlch as zinc and
1- pheny! bi ur e Ssem‘a Q¥§§1 B ‘t‘EFfﬁégr

t

The corrpound (0W
deconposition pﬁﬂlﬂ&n

‘gn‘%gg;gt é%ilﬁ'ﬂ‘ fn;lpll%i/iﬁﬁ)n, pini‘ e Ctro ikS water at a

sucalaolv @itk @aeisidD nco)&ﬁﬁralﬁbn)( eﬂjbdt\ﬂ:exa 30 @aﬁt |pe1nhwes sel

240[err] C. Thi sshpfrldduaiio u nattlub@é@mtag@m did- that prodycipg) aZSagWéﬂd:sS ’?l‘ﬁmnl um
nitrate, 0.0 g ischarge ¢ rvc #zyl%g%rlp gﬁte;&ﬁt@/ s aqglt%ezeueﬁs%g ch trat;(l’tr;lo et?)f 80
cupric acet a 8%5 gl nded!! gﬁ gﬁ@n&'er ?3).99&‘1] feshitsl cettaif QM eirﬂfo , an

orange solid 3r5ulnple diéthar@QirkcCcya) eeoveldbilisy Medtédidepending up@athe gartitulaa salobr
combmauon of salts that are used.

deconposi tion pioimtelathGR-dded lgs@pqg §sCimited adverse

EXAMPLE 3

effects due to over-c argmg, little OE) %
g

a?ary cells of this invention a com-
0

f chemicals through reactions, atlon s of zinc chloride and 85
|, 1" - Azobi s( K?' Péa&s ﬂ}“ﬁg éﬁﬁswe materials, 7% I hloride per 1000
( 2) [err] favorable size a.nd welght ratio to power avaxl— grams of solutlon has been found satisfactory.
able, Thus, the compounds of the present For secondary cells, a combination of 170
invention as depolarizers in both primary and grams of zinc chloride and 270 grams of

25 Secondary cells prov1de batteries that have ammonium bromide per 1000 grams of solu- 90
improved efficiency and extended life. tion hag been found especially useful. It will

Mixtures of azodicarbonamides may be used be noted that the nature of the cell, ie,
in cells, as well as the compounds individually. primary or secondary, will influence to some
By adding an oxide such as zinc oxide, extent the choice of salts employed in the

30 barium oxide or magnesium oxide, to react electrolyte, with bromide- -containing mixtures 95
with acid which may be formed, the substi- being prefen'ed in secondary cells. The
tuted azodicarbonamides of this invention may bromide containing mixtures provide a par-
be formed in situ in the cell by adding the ticularly useful combination with the substi-
corresponding substituted biurea, and oxidising  tuted azodicarbonamides, in secondary cells, in

35 by charging the cell. The reaction is com- that their use tends to overcome undesirable 100
parable to that shown for the second equatlon effects resulnng from overcharglng
of Example 2 or 3, with variations based on The anode of the batteries of the present
the substituents ChOSEn within the classes here invention is an electropositive metal, usually
outlined. A secondary battery, charged at time  zjnc, magnesium, aluminium, or other metal

40 of first use is storage stable for a long time; standmg high in the electromotive series, or 105
and also primary cells containing the substitu- certain mixtures or alloys thereof, mcludmg
ted azodicarbonamide have excellent shelf-life ench additional metals as manganese, zircon-
characteristics. Ready to use items usually meet  jum, cerium and calcium. Zinc in pure or
with better commercial acceptance than do afloyed form is the preferred metal, especially

45 items requiring preparation for use by the with secondary cells. 110
consumer. Some users will choose to use cells The cells are frequently cylindrical, and of
of this invention as discardable primary cells standard sizes, to fit electrical equipment.
—others will choose to recharge when voltage Flat, rectangular, button, or other shape of
drops, or on a fixed schedule. cells may be made using the present cell com-

50 A higher drain rate is obtainable if the positions. The size and shape are determined 115
substituted azodicarbonamide is finely divided. by capacity requirements and space available.
Good cells result if the substituted azodicarbon-  Preferably, but not necessarily, the cells will
amide is in the particle size range 20 to 40 have a conventional size to fit e.g. standard
microns. Subdividing to about 1 micron per- size flashlights, radios, recorders, emergency

55 mits a higher drain rate, The larger surface exit lights. 120
area is preferred also for the more insoluble Satisfactory results are obtained using con-
azodicarbonamides, The smaller size is ventional type separators such as kraft paper;
obtainable by grinding, or by crystallizing kraft paper coated or impregnated with starch
under conditions which yield smaller crystals. or other gel-like material such as carboxy-

60 The compounds may be used in the cathodic methyl cellulose and/or cerea] paste; and 125
mix in the range of from 10 to 50% of the vegetable parchment. Superior results are
total weight of the cathodic mix. The cathodic achieved if a laminated regenerated cellulose,

mix additionally contains electrolyte solution e.g., “Cellophane” (registered Trade Mark)
and carbon in any of its various forms, such separator is used. This separator may be des-
65 as graphite, acetylene black, or high surface cribed in somewhat more detail as a laminate 130



Into a suitably equipped reaction vessel was and orange. The orange

needl es of 1,1'-azo- 55 pl aced 15 grans (0.3 nol) of 100% hydrazi ne
bi s(N-phenyl f or mam de) obtained after re- 40 hydrate and 200 m . of
benzene. The solution crystallization from acetone deconposed at was
stirred and cooled in an ice bath while 177[err]C. 85 grans (0.7 nol)
of phenyl isocyanate 1,1'" - azobis[N - (3 - chlorophenyl)form

di ssolved in 200 mM. of benzene was slowy am de] was obtained by a
simlar procedwe 60 addednH] gg;opvm se fashion. A white pre-
starting wth 32 2 granms (0. 21 \” 0 m_45 cipitate forped.” The m xture

was st i sfr 2flmf @rsmalt pére sieg {3eh yab “Csrocyanatsara&mipéi sa:agfoams ofiwilich is 2 hours,
filtereehamh Mtlharc%yrresea diapeerob G405 T@natmﬁﬁh oqtarqh aer?*ém élr geina

total rBERtEiD 1°s‘° pape € f diy 1S medi um of
150 g . ?%&%ﬁg‘ SWhICh“%gh% ﬁiéﬁ?ﬁ?}; t Qi Eﬁ!}},@n IRBRH g;lrea obt ai ned

had bi &( Bera.bqutoo,phﬂytytér) Blimar payolsfus ¢ma1atge¢de¢haxzeckrclas Usi) the “Cela mel ti ng point

3 ac e yl te filrgs, a ar:
(2)f4 4232[5@P1F ;@Y st{_ljn (l)%gg,gg i V\@ilgfact ug}? ugg(g) %Wgrr%rrewg’clcs e 1,1 -
; %{o@ gms, & " Thus, alth h not actually necessary, the
azobiyg[ N 5 -Ang mmay af - “Cellophane’t N @ndRQV @ypp @@itgibr (9. 5 gr an) was
oxi di zepbresamsde rmaboraltme)dsslamiesr, aod<| ddmntdmplxaﬁsrrdefpc rstplodat performazaeor ding to
t he pr@b‘%'g g“’n T ppEEa s 8 c¢ egonpese gpout 180-
ti nc S T s9¢) ave Stra xam CS
Exanpl €, tﬁ@a&& éeﬁéﬁﬁgf%l 5&% QE %leq}l oll ?Hgﬁaé(u ei @ / illustrate pthe
70 15 afnﬁx kQatlophanes trypk Qep@raSeftsulf d plep@flion of Ve sﬁBdtxtuted azodicarbon-

1, 113, 880considerable improvement in the cycling amide compounds uséd in accordance with
EXANPL Echgracteristics of the cell. Thus, using a regular  this invention.

ExampLE 1
Preparation of '1,1'-Azobis(N-methylformamide)
Reaction: 2 CH;NH, —{-— C,H,OCON:=NCOOC,H;
CH,NHCON—NCONHCH, - 2 C,H,0H

Into a suitably equipped reaction vessel was additional 15 minutes, filtered, and the filter
placed 50 grams (0.275 mol) of diethyl azodi- cake washed with ether. The resulting orange
carboxylate and 400 ml. of ethyl ether. 85 ml. solid had a melting point of 176. 5—177°C. 45
of 20%. methylamine (0.55 mol) in methanol By similar procedures, using the indicated

40 was added to the reaction vessel slowly with starting materials and solvents, the additional
stirring over a period of 30 minutes. The re- compounds listed in Table I were also pre-
sulting dark orange slurry was stirred for an  pared.



Primary Cells Primary cells of construction

simlar to Leclanche cells except for the cathodic m x
were prepared using the follow ng as cat hodi ¢ m xes:

A 2.40 g. 1.1 -azobis(Nn-butyl for mam de) —0.64 Q9.
carbon bl ack (HR 1670-P6303) ( Col unbi an Carbon Co.)

2.0 M. 17% [err] 27%[err] 56%[err] B. 1.80 g.

1,1 -azobi s(N-isobutyl formam de) 0.48 g. carbon

bl ack (SA 40-220) (Col unbi an Carbon Co. )1138%) = 3.0mM. 17%
[err] 27% [err]-56%[err] C—2.38 g

1,1 -azobi s(N-n- butylfornanlde) 0.64 g. acetyl ene

bl ack 2.1 m. 17%[err] 27% [err] 56%[err]

D. 2.32 g. 1,1"-azobi s(N-n-butyl formam de) 0.62 g.
carbon bl ack (HR 1670-P56303) (Col unbi an Carbon Co.)

1.8 m. 10%([err] 50% [err] 40% [err] E. 2.32 g.

1, 1" -azobi s(N-n-propyl f ormam de) 0.61 g. carbon

bl ack (SA-40-220) (Col unfiiah Carbop Co.) 212 m. 17%
[err] 27% [err] 56% [eéH 0 & Cur ves mshomﬂngl‘ t he batery di schar ge
its 17th discharge cyclegd hd sécqpddryjcell ! [ chlar8ct@ristilcs)
represented as cell voltééhFﬂas i% sho@n £o hale Hood characeri dtics com

functions of nominal cap@cify thereof, were parable to its initid
characteristics. 5 plot ted|for primary cells containing the abovsg
EXAMPLE 6 described &t hodi® m x&. The
solubility of various suﬁa; UUt¢d azd- 401 1 L b1 1
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1,1 '~Azobis[N-(2-methoxyethyl)formamide]
1,1'-Azobis[N-(2-cyanoethyl)formamide]
1,1 ’~Azobis(N-methylformamide)
1,1’-Azobis(N,N-dimethylformamide)
1,1’-Azobis(N,N-diethylformamide)
1,1’-Azobis(N-n-propylformamide)
1,1’-Azobis(N-isopropylformamide)

1,1 ’'-Azobis(N-n-butylformamide)
1,1'-Azobis(N-isobutylformamide)
1,1’-Azobis(N-sec.butylformamide)
1,1’-Azobis(N-ter.butylformamide)
1,1’-Azobis(N-n-hexylformamide)

1,1’-Azobis(N-allylformamide)
1,1’-Azobis(N-ethylformamide)

Compound




Fl at di scharge rates are obtained through- dicarbonamdes in electrolyte
sol utions was out nost of the cell life at varying rates of determ ned
by preparing a saturated sol ution, discharge. This. behaviour ... ___ __
illTustrates the hi ghly renoving excess conpound by filtration, and 10
desirabl e depol ari zer characteristics which the assaying by i odonetric
titration the anount substituted azodi carbonam des possess when

di ssolved. The solubilities deter are given 45 used i.n primary
cells,___* = R EL EXAVPLE 5
The stability of the various substltuted azo- Secondary
Cells di car bonam des was determ ned by placing a 15

Cat hodi ¢ M x gi ven anount of the conpound
in the electro- 0.50 g. 1,1 -azobi s(N-n-propyl formam de) |yte,
stirring for one hour at 100[err]C and 50 0.50 g. carbon black (SA
40-220) (Colum then determ ning the anount of conpound bi an

Car bon Co.) remaining by iodonmetric titration.
These 2.0 BE |17% [err] 27% gerr] 56% [err] results are also given
in Table 1. 20 8Cel|lf Cpnstructijon | The

shel f-1ife of ceEl&s|containing gathédjc A gl ass cylinder was encl osed
at one end ni xe&"having azodi car bonafri des as the de- 55 W th

car boxynet hyl cellulose coated kraft polarizers therein was determ ned
by preparing wRApEer &0 which a strjp of a-cellulose was normal dry cel
cat hodi c nixtureﬁ a1d sTor|nq aqtached. On the outside of the
[err]-cellul ose & 30sdays at 45[err]C. Anal yses to determ ne 25 was

pl aced a strip o? ire Zinc nmetal. Thg the anount of depol arizer renmining
wer e cathqde m x was placed in the enclosed glass then nmade. Results
are al so givegiin Table 60 cyl Ehfer and a wei ghted carbon rod was 11
inserted as a ongﬁ,t to the cathode mx. The YgThe resul tF of one hour
stability tests ah; cyl i nder mes‘then stoppergd at the tQp. The

100[err] C |ancag? that, the various pubstitutedg30 gpnple ed cell was

di pped in thegelect @Iyge gazdeCar ham des ar ey V|rtually inaf f ect ed by
for 15-30 gecqus an tEEanHacsd i An  such st@rage Fondifions (95-100 %
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relative to that of azo-

di carbonam de itself, i.e.,
the nore and | ess
obt ai ned by use of the com
pounds of this invention for cel
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Into a suitably equipped reaction vessel was
placed 2.25 grams (0.03 mol) of semicarbazide
and 25 ml. of methanol. While this solution
was stirred and cooled, 2.2 ml (0.02 ml} of
phenyl isocyanate was added slowly in drop-
wise fashion, forming a white precipitate. The
reaction mixture was stirred for 30 minutes
after addition was complete. The solid product
was recovered by filtration, washed with boil-
ing methanol, and allowed to dry in air. The
N-phenylbiurea obtained was recrystallized
from acetic acid and had a melting point of
234°C. (also named 1-phenylbiurea).

The compound (0.5 gram) obtained from the
above reaction was mixed in a reaction vessel
with 2 grams of ammonium nitrate, 0.05 gram
of cupric acetate monochydrate, and 25 grams
of acetic acid, This mixture was heated in a

water bath at 70°C, for 5 minutes during
which time the color changed from yellow-
green to dark green. The mixture was then
poured onto ice to give an orange solid which
was filtered and dried in air. The N-phenyl-
1,1"-azobisformamide was recrystallized from
ethanol and yielded a red-orange solid which
decomposed at 184°C,

By a similar procedure starting with 22.6
grams of 4-phenyl-semicarbazide in benzene
with a trace of pyridine and adding 8.54 grams
of methyl isocyanate, N-methyl-N’phenyl-
biurea(1-methyl-6-phenylbiurea) was obtained
as a white solid of decomposition point 239—
240°C. This product upon subsequent oxida-
tion as described above yielded N-methyl-N’-
phenyl-1,1’-azobisformamide, an orange solid

of decomposition point 162-—~163°C.

ExaMPLE 3

Preparation of 1,1'-Azobis(N-phenylformamide)

¥
C,H,NHCONHNHCONHCH, 4 H,0
(2) C,H,NHCONHNHCONHCH, -~ O

Into a suitably equipped reaction vessel was
placed 15 grams (0.3 mol) of 100%/, hydrazine
hydrate and 200 ml. of benzene, The solution
was stirred and cooled in an ice bath while
85 grams (0.7 mol) of phenyl isocyanate
dissolved in 200 ml. of benzene was slowly
added in dropwise fashion. A white pre-
cipitate formed. The mixture was stirred for
2 hours, filtered while cold and the solids were
recrystallized from dimethylformamide. The
white solid N,N’-diphenylbiurea obtained had
a melting point of 250°C. (also named 1,6-
diphenylbiurea).

The above product (0.5 gram) was oxidized
according to the procedure described in
Example 2. The color change observed was
from blue first to green and then to yellow

{
C,H,NHCON = NCONHC,H,

and orange. The orange needles of 1,1’-azo-
bis(N-phenylformamide) obtained after re-
crystallization from acetone decomposed at
177°C.

1,1 - azobis[N - (3 - chlorophenyl)form-
amide] was obtained by a similar procedure
starting with 32.2 grams (0.21 mol) of m-
chlorophenyl isocyanate and 5.0 grams (0.1
mol) of hydrazine hydrate in a total reaction
medium of 150 ml. of benzene. The N,N’-
bis(3-chlorophenyl)biurea was characterized as
a. white product decomposing at 244—245°C.
The 1,1’ - azobis[N - (3 - chlorophenyl)form -
amide] obtained after oxidation as described
above was found to decompose at about 180—
200°C.

-~ H,0
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[err] 10 1,113, 890

EXAVPLE 7 material with N-n-butyl-N -nethyl-1,1'-azo-
An "AA" size cell was prepared using a bhisformam de being synthesized-in
the cell, by zinc can, a "Cellophane” |am nate as separa- the use of

the charging current. Corresponding tor,
bi ureas may be used as a source for other 5

and a cathodic m x containing:
2.0 grans

1,1 -azobi s(N-n- proylfornan1de) substituent azobi sformam des, with the
cells _70 *0. 67 gram carbon !1BMH¥R (1300 sg. nmeters per béing charged
to produce the azobi sformam des granm

either at the time of manufact ur gy, Qt her 2.3 m. 17% [err] 27%

[err] 0.3% convenient tine prior to use.
As the substituted azobisfornaniﬂ@m¢$cdbable 10
nore than sixty tinmes,.Qver lmtoxx&%um

before shorting oq;mmAgfﬁg BusidgShdd

[err] 55.7% [err]
This cell was cycled
these cells it 75

cel? of co c%gl S1 .
L Ghe nore convenient to

> D—l

preform the 4s&mb@umudsscharge through a 25 ohn1 Ioad substituted
azobi sformam de and add as_a wed Q a 4.5 to 5.0 hour charge at 40
conponent of the c‘\at b%“ ah@@"ﬁiic ﬁ%@ Collbild (gos)

synet hesize in situ. g 176 2hCGE anglpad;%cf{ rom each of 't he ot her

1,1 - azodlcarbonagides I|Z$ed i n Table and VHAT WE CLAIMIS: -

80 Table Il gdvel g Eis {tg yA cat hode
conposition for an efgtfr bmzl?igﬁ g?ﬁ%ﬁﬁ% ﬁboél Jor oporti onal

t hat

nmol ecul ar wei

compounds, the | ongef-$) &eiene 0 | ari zer conpound having the
conpounc gef YAl HRRE. .0 W E0 %y, 08 P g
D. 2.32 g. 1,1'-azobis(N-n-butylformamide)
0.62 g. carbon black (HR 1670-—P56303) (Columbian Carbon Co.)
1.8 ml. 10% ZnCl,, 50% MnCl,.4H,0, 40%, H,0
E. 2.32 g. 1,1'-azobis{N-n-propylformamide)
0.61 g. carbon black (SA——40—220) (Columbian Carbon Co.)
2.2 ml. 179, ZnCl,, 27% NH,Cl, 56% H,0
Curves showing the battery discharge its 17th discharge cycle, the sccondary cell
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current-gener ati ng ce

characteristics, represented as cell voltages as
functions of nominal capacity thereof, were
plotted for primary cells containing the above-
described cathodic mixes.

Flat discharge rates are obtained through-
out most of the cell life at varying rates of
discharge. This behaviour illustrates the highly
desirable depolarizer characteristics which the
substituted azodicarbonamides possess when
used in primary cells,

EXAMPLE 5
Secondary Cells
Cathodic Mix

0.50 g. 1,1'-azobis(N-n- propylformamxde)

0.50 g. carbon black {SA 40—220) (Colum-

bian Carbon Co.)

2.0 ml. 173/, ZnCl,, 27%. NH,Br, 56%, H.O
Cell Construction

A glass cylinder was enclosed at one end
with carboxymethyl celiulose coated kraft
paper to which a strip of a-cellulose was
attached. On the outside of the a-cellulose
was placed a strip of pure zinc metal. The
cathode mix was placed in the enclosed glass
cylinder and a weighted carbon rod was
inserted as a contact to the cathode mix. The
cylinder was then stoppered at the top. The
completed cell was dipped in the electrolyte
for 15—30 seconds and then placed in an
atmosphere saturated with electrolyte vapour.
The cell was continuously discharged through
a 24-ohm resistor to 0.985V and then charged
to 1.535V. This cycle was repeated. After

whi ¢h cdnpri<ses a
ght ¢ ehes. hi%udmﬁﬂeﬁww&nmumdﬂan el ectrol yte,

is shown to have good characteristics com-
parable to its injtial characteristics.
EXAMPLE 6

The solubility of various substituted azo-
dicarbonamides in electrolyte solutions was
determined by preparing a saturated solution,
removing excess compound by filtration, and
assaying by iodometric titration the amount
dissolved. The solubilities determined are given
in Table II.

The stability of the various substituted azo-
dicarbonamides was determined by placing a
given amount of the compound in the electro-
lyte, stirring for one hour at 100°C., and
then determining the amount of compound
remaining by iodometric titration. These
results are also given in Table II,

The shelf-life of cells containing cathodic
mixes having azodicarbonamides as the de-
polarizers therein was determined by preparing
normal dry cell cathodic mixtures and storing
for 30 days at 45°C. Analyses to determine
the amount of depolarizer remaining were
;I}en made. Results are also given in Table

The results of one hour stability tests at
100°C. indicate that the various substituted
azodicarbonamides arc virtually unaffected by
such storage conditions (95—100%, of com-
pound remains) while the parent compound,
azodicarbonamide, is essentially completely
hydrolized. The stability of the substituted
azodicarbonamides is independent of their solu-
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pounds having | ess capacity per gram of depol ari zer.

EXAMPLE 8 85 An "AA" cell was
prepared as Exanple 7 25 except for the.cathodic m x which had_the in
which [err] are each hydrogen, foll ow ng conposition:

or an alkyl of 1 to 8 carbon atons, aryl, substi- 2.25 grans

1,1 -azobi s(N-n-butyl formam de) tuted aryl, cycloal kyl, aral kyl,

al koxyal kyl , 0. 67 gram carbon bl ack 51300 sq. nmeters per cyanoal kyl,
hal oal kyl, nitlo-al kyl, or_al kenyl 1,113,880 m o

group: and [er r!llh@'ﬂ{j{hQ Eleo&@lg’&:]relative D03 Qf azo- 2. nlisie :l'.l_Zt%) as[ &E&J&in@ﬂ% tl'[eeé’xf 1 556%
when al kyl, naydi@ebohsdidee ilseit] h.eC tebrypotiids t bUitDUGddiments of thi§ Edxlichple, indicate the

a nitrogen, sulfareandflessgriybiethanthepsrenirofipaupd aimprovementfhgbtaingd by wemef dwcdomd nore
than thirty tin¥s™fef8ocyclic ring; and nBfndiof dhit WEtiquyfpregll depolapzefsyy o
shorting out. A cycle consisted of dis- of [err] are hydrogen. char ge._
through a 24 ohmresistor to 1.00V 2. A cathode conposition according
to 95 35 followed by a tapered charge to 1.50V. Claim 1, wherein each
of the termnal nitro- EXAMPLE 9 gen
atons of the depolarizer conpound carries An "AA" size cell was
prepared using a as the only substituent an al kyl group of 3 or 4 zinc
can, a "Cellophane"” |am nate having a carbon atons. pore size of
around 16 Angstrons, and a 3. A cathode conposition according to Claim
100 40 cathodic m x containing: 2, wherein, in the
depol ari zer conpound, [err] 1.5 granms N-n-butyl -N net hyl bi urea

and [err] are hydrogen and [err] are iso- 1 gram of carbon bl ack,
surface area 1300 propyl groups, or iso-butyl groups. sq. neters
per gram 4. A cathode conposition according to any

0. 66 grans of zinc oxide precedi ng C ai mwherein the
depol ari zer com 105 45 3.5 mM. electrolyte containing: pound
is present in an anount of from10 to 35% [err]

50% by weight, of the total weight of the 20% [err]
conposi tion. 0.3%[err] 5. A cat hode
conposition according to any 44. 7% [ err]

preceding claim wherein the depolarizer com 110 50 The zinc can was
lined with the lam nate as pound has a particle size range of about 1

a separator with the |am nate extendi ng about mcron.



[err]

inserted into the m x.
| am nate was fol ded over the top of the
cathodic m x and the cel
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conposition according to any
havi-ng—precedi-ng .cl-aim-wherein the depolarizer.com
pound is any one of the substituted azodi -

The above cathodic m X

The

was taped into the cell.
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A carbon rod
a_brass cap was
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9. A cathode conposition according to Claim

volts.

The cel

m | |ianperes;

was then charged at 20 mlli-

in the electrol yte.

with N-n-butyl-N
prepared using a bisformam de b

99.5
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1,1’-Azobis(N-ter.-butylformamide)

at

100.0

10

1,1’-Azobis(N-phenylformamide)

99.5

730

1,1'-Azobis(N,N-pentamethyleneformamide)

120 60

t hen di scharged

8. A cat hode conposition

anperes unti

7,
t he vol t age
cel |

1 and substantially as
which time the test was di $conti nued.

N-Phenyl-1,1 "~-azobisformamide

currientg-g¢negatj ng cgll jcom |12% 6p |
bd as a starting prising an anode of an {

460

N-butyl-N -methyl-1,1 "-azobisformamide

met hyl -1,

1,700

40,500

(1) Milligrams per liter of electrolyte solution, 179, ZnCl,, 27% NH,CIl, 56%, H,0, at 25°

(2) Percent compound remaining after 1 hour at 100° C. in presence of electrolyte.
(3) Percent compound remaining after 30 days at 45° C. in a dry cell construction.

1,1’-Azobis[N-(2-methoxyethyl)formamide]

1,1’-Azobis(N-allylformamide)

The substituted
pl ectro positive
1,113,890

1' -azo-

i ng synt hesi zed in
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zinc can, a "Cellophane" |am nate as separa- the use of the charging
current. Correspondi ng tor, and a cathodic m x contai ni ng:

bi ureas—may be used as a source for other 5...2.0 grans

1,1 -azobi s-N-n-proyl formam de) substituent azobi sformam des, with the
cells 70 0. 67 gram carbon black (1300 sq. neters per being charged
to produce the azobi sformam des gram

either at the tinme of manufacture, or other. 2.3 m. 17% [err] 27%:
[err] 0.3% onvenient time prior to usd389% [err] 55.7%[érT]

As the substituted azobi sgamemnyde i s stabl gl WIthTmnsbt@ﬁJﬁ 1(;1y_gioed
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charge through 2 24 ohm—res1stor to 1.00V
followed by a tapered charge to 1.50V.
EXAMPLE 9
An “AA” size cell was prepared using a
zinc can, a “Cellophane” laminate having a
pore size of around 16 Angstroms, and a
cathodic mix containing:
1.5 grams N-n-butyl-N’methylbiurea
1 gram of carbon black, surface area 1300
§q. meters per gram
0.66 grams of zinc oxide
3.5 ml. electrolyte containing:
35%, Zn(Cl,
20%, NH,Cl1
0.3% HgCl,
44.7%, H,0
The zinc can was lined with the laminate as
a separator with the laminate extending about
# inch above the can. The above cathodic mix
was taped into the cell, A carbon rod having
a brass cap was inserted into the mix. The
laminate was folded over the top of the
cathodic mix and the cell sealed with epoxy
resin.

The cell was charged for 16 hours at 20
milliamperes; then discharged through a 20
ohm-resistor until the voltage drops to 0.96
volts. The cell was then charged at 20 milli-
amperes until the voltage reached 1.65. The
cell performed satisfactorily for 4 cycles, at
which time the test was discontinued.

The substituted biurea was used as a starting

heterocyclic ring; and not more than three
of R,, Ry, R, and R, are hydrogen.

2. A cathode composition according to
Claim 1, wherein each of the terminal nitro-
gen atoms of the depolarizer compound carries
as the only substituent an alkyl group of 3 or 4
carbon atoms.

3. A cathode composition according to Claim
2, wherein, in the depolarizer compound, R,
and R, are hydrogen and R, and R, are iso-
propyl groups, or iso-butyl groups.

4. A cathode composition according to any
preceding Claim wherein the depolarizer com-
pound is present in an amount of from 10 to
50% by weight, of the total weight of the
composition.

5. A cathotle composition according to any
preceding claim, wherein the depolarizer com-
pound has a particle size range of about 1
micron,

6. A cathode composition according to any
preceding claim, wherein the depolarizer com-
pound is any one of the substituted azodi-
carbonamide compounds hereinbefore men-
tioned.

7. A cathode composition according to any
preceding claim, containing an halide salt in
the electrolyte.

8. A cathode composition according to Claim
7, containing a bromide salt in the electrolyte.

9. A cathode composition according to Claim
1 and substantially as hereinbefore described.

10. An electric current-generatmg cell com-
prising an anode of an electro positive metal
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EXAMPLE

An “AA” size cell was prepated using a

zinc can, a “Cellophane” laminate having a

pore size of around 16 Angstroms, and a
cathodic mix containing:

1.5 grams N-n-butyl-N’methylbiurea

1 gram of carbon black, surface area 1300

§q. meters per gram
0.66 grams of zinc oxide
3.5 ml. electrolyte containing:
35%, ZnCl,
20%, NH,C1
0.3%, HgCl,
44.7%, H.O
The zinc can was lined with the laminate as
a separator with the laminate extending about
‘% inch above the can, The above cathodic mix
was taped into the cell, A carbon rod having
a brass cap was inserted into the mix. The
laminate was folded over the top of the
cathodic mix and the cell sealed with epoxy
resin,

The cell was charged for 16 hours at 20
milliamperes; then discharged through a 20
ohm-resistor until the voltage drops to 0.96
volts. The cell was then charged at 20 milli-
amperes until the voltage reached 1.65. The
cell performed satisfactorily for 4 cycles, at
which time the test was discontinued.

The substituted biurea was used as a starting
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as the only substituent an alkyl group of 3 or 4
carbon atoms.

3. A cathode composition according to Claim
2, wherein, in the depolarizer compound, R,
and R; are hydrogen and R, and R, are is0-
propyl groups, or iso-butyl groups.

4. A cathode composition according to any
preceding Claim wherein the depolarizer com-~
pound is present in an amount of from 10 to
50% by weight, of the total weight of the
composition.

5. A cathotle composition according to any
preceding claim, wherein the depolarizer com-
pound has a particle size range of about 1
micron,

6. A cathode composition according to any
preceding claim, wherein the depolarizer com-
pound is any one of the substituted azodi-
carbonamide compounds hereinbefore men-
tioned.

7. A cathode composition according to any
preceding claim, containing an halxde salt in
the electrolyte,

8. A cathode composition according to Claim
7, containing a bromide salt in the electrolyte.

9. A cathode composition according to Claim
1 and substantially as hereinbefore described.

10. An electric current-generating cell com-
prising an anode of an electro positive metal
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65 The substituted biurea was used as a starting prising an anode of an

el ectro positive netal 1,113,890

11 and a cat hode ceonpositi-on-as—definedi-n—-any— -TREGEAR, - THLEMANN -&
BLEACH, preceding claim Chartered
Pat ent Agents, 11. A cell according to Caim 10, wherein

Mel bour ne House, the anode is zinc.

Adwych, 5  _J2. A cell accordiﬂﬁ&é% G aim 10 and sub- .
Londen—W-C.2 stantially as P8%%bef ore_descri bed 1

Agent s 4ndra dathedeApmpdsitiomn hsSdefined in any  TREGEARJITHIEMARK &VBLESCH, S St ati onery

Of fi ce Bscedidgecla®Bur j er Press, Leami ngt on SpmrerddB8ent Agents, Publ i shed by
the Pat @g}mﬁi‘] %ff‘#‘%“’é&ﬂ'f’l‘l’gnﬁ?e&‘f‘ Bui | di ngsj,“eﬁt_’mgﬁ‘?“sﬁ/v C.2, from which
copi &s may, Aeellahdoriingad Claim 10 and sub- London, W.C.2.

— stantially as hereinbefore described. Agents for the Applicants.
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