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1,113,890        Into a suitably equipped reaction vessel was  water bath
at 70[err]C. for 5 minutes during     placed 2.25 grams (0.03 mol) of
semicarbazide  which time the color changed from yellow- 20     and 25 ml.
of methanol. While this solution  green to dark green. The mixture was then
was stirred and cooled, 2.2 ml (0.02 ml.) of  poured onto ice to give an
orange solid which 5  phenyl isocyanate was added slowly in drop-  was
filtered and dried in air. The N-phenyl-     wise fashion, forming a white
precipitate. The  1,1'-azobisformamide was recrystallized from     reaction
mixture was stirred for 30 minutes  ethanol and yielded a red-orange solid
which  25     after addition was complete. The solid product  decomposed at
184[er]C.     was recovered by filtration, washed with boil-    By a
similar procedure starting with 22.6 10  ing methanol, and allowed to dry
in air. The  grams of 4-phenyl-semicarbazide in benzene     N-phenylbiurea
obtained  was recrystallized  with a trace of pyridine and adding 8.54
grams     from acetic acid and had a melting point of  of methyl
isocyanate, N-methyl-N'phenyl- 30     234[err]C. (also named
1-phenylbiurea).        biurea(l-methyl-6-phenylbiurea) was obtained
The compound (0.5 gram) obtained from the  as a white solid of
decomposition point 239- 15  above reaction was mixed in a reaction vessel
240[err]C. This product upon subsequent oxida-     with 2 grams of ammonium
nitrate, 0.05 gram  tion as described above yielded N-methyl-N'-     of
cupric acetate monohydrate, and 25 grams  phenyl-1,1'-azobisformamide, an
orange solid  35     of acetic acid. This mixture was heated in a  of
decomposition point 162-163[err]C.
EXAMPLE 3                           Preparation of
l,l'-Azobis(N-phenylformamide)          Reaction: (1)  [err]
(2)[err]  



Into a suitably equipped reaction vessel was  and orange. The orange
needles of 1,1'-azo-  55     placed 15 grams (0.3 mol) of 100% hydrazine
bis(N-phenylformamide) obtained after re- 40  hydrate and 200 ml. of
benzene. The solution  crystallization from  acetone decomposed at     was
stirred and cooled in an ice bath while  177[err]C.     85 grams (0.7 mol)
of phenyl isocyanate    1,1' - azobis[N - (3 - chlorophenyl)form-
dissolved in 200 ml. of benzene was slowly  amide] was obtained by a
similar procedure  60     added in dropwise fashion. A  white pre-
starting with 32.2 grams (0.21 mol) of m- 45  cipitate formed. The mixture
was stirred for  chlorophenyl isocyanate and 5.0 grams (0.1     2 hours,
filtered while cold and the solids were  mol) of hydrazine hydrate in a
total reaction     recrystallized from  dimethylformamide. The  medium of
150 ml. of benzene. The N,N'-     white solid N,N'-diphenylbiurea obtained
had  bis(3-chlorophenyl)biurea was characterized as  65     a melting point
of 250[err]C. (also named 1,6-  a white product decomposing at
244-245[err]C. 50  diphenylbiurea).                            The 1,1' -
azobis[N - (3 - chlorophenyl)form -       The above product (0.5 gram) was
oxidized  amide] obtained after oxidation as described     according  to
the  procedure  described  in  above was found to decompose at about 180-
Example 2. The color change observed was  200[err]C.
70     from blue first to green and then to yellow
1,113,890                                       7
EXAMPLE 4  



Primary Cells                           Primary cells of construction
similar to Leclanche cells                   except for the cathodic mix
were prepared using the following                   as cathodic mixes:
A. 2.40 g. 1.1'-azobis(N-n-butylformamide)                        0.64 g.
carbon black (HR 1670-P6303) (Columbian Carbon Co.)
2.0 ml. 17% [err] 27% [err] 56% [err]                     B. 1.80 g.
1,1'-azobis(N-isobutylformamide)                        0.48 g. carbon
black (SA 40-220) (Columbian Carbon Co.)                        3.0 ml. 17%
[err] 27% [err] 56% [err]                     C. 2.38 g.
1,1'-azobis(N-n-butylformamide)                        0.64 g. acetylene
black                        2.1 ml. 17% [err] 27% [err] 56% [err]
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% [err] 50%  [err] 40% [err]                    E. 2.32 g.
1,1'-azobis(N-n-propylformamide)                        0.61 g. carbon
black (SA-40-220) (Columbian Carbon Co.)                        2.2 ml. 17%
[err] 27%  [err] 56%  [err]        Curves  showing  the  battery  discharge
its 17th discharge cycle, the secondary cell     characteristics,
represented as cell voltages as  is shown to have good characteristics com-
functions of nominal capacity thereof, were  parable to its initial
characteristics. 5  plotted for primary cells containing the above-
EXAMPLE 6     described cathodic mixes.                       The
solubility of various substituted azo-  40 



Flat discharge rates are obtained through-  dicarbonamides in electrolyte
solutions was     out most of the cell life at varying rates of  determined
by preparing a saturated solution,     discharge. This behaviour
illustrates the highly  removing excess compound by filtration, and 10
desirable depolarizer characteristics which the  assaying by iodometric
titration the amount     substituted azodicarbonamides possess when
dissolved. The solubilities determined are given  45     used in primary
cells.                       in Table II.                     EXAMPLE 5
The stability of the various substituted azo-                   Secondary
Cells                dicarbonamides was determined by placing a 15
Cathodic Mix                                 given amount of the compound
in the electro-       0.50 g. 1,1'-azobis(N-n-propylformamide)  lyte,
stirring for one hour at 100[err]C., and  50       0.50 g. carbon black (SA
40-220) (Colum-  then determining the amount of compound         bian
Carbon Co.)                         remaining  by  iodometric  titration.
These       2.0 ml. 17%  [err] 27% [err] 56%  [err]  results are also given
in Table II. 20  Cell Construction                               The
shelf-life of cells containing cathodic       A glass cylinder was enclosed
at one end  mixes having azodicarbonamides as the de-  55     with
carboxymethyl cellulose  coated  kraft  polarizers therein was determined
by preparing     paper to which a strip of a-cellulose was  normal dry cell
cathodic mixtures and storing     attached. On the outside of the
[err]-cellulose  for 30 days at 45[err]C. Analyses to determine 25  was
placed a strip of pure zinc metal. The  the amount of depolarizer remaining
were     cathode mix was placed in the enclosed glass  then made. Results
are also given in Table  60     cylinder and a weighted carbon rod was  II.
inserted as a contact to the cathode mix. The    The results of one hour
stability tests at     cylinder was then stoppered at the top. The
100[err]C. indicate that the various substituted 30  completed cell was
dipped in the electrolyte  azodicarbonamides are virtually unaffected by
for 15-30 seconds and then placed in an  such storage conditions (95-100 %
of com-  65     atmosphere saturated with electrolyte vapour.  pound
remains) while the parent compound,     The cell was continuously
discharged through  azodicarbonamide, is essentially  completely     a
24-ohm resistor to 0.985V and then charged  hydrolized. The stability of
the substituted 35  to 1.535V. This cycle was repeated. After
azodicarbonamides is independent of their solu-   



8                                      1,113,890  bility in the electrolyte
relative to that of azo-    Shelf-life data, as determined by the ex-  5
dicarbonamide itself, i.e., compounds both  periments  of  this  example,
indicate  the more and less soluble than the parent compound improvements
obtained by use of the com- are more stable.
pounds of this invention for cell depolarizers.          1,113,890



[err]        10                                       1,113,890
EXAMPLE 7                   material with N-n-butyl-N'-methyl-1,1'-azo-
An "AA" size cell was prepared using a  bisformamide being synthesized in
the cell, by     zinc can, a "Cellophane" laminate as separa-  the use of
the charging current. Corresponding     tor, and a cathodic mix containing:
biureas may be used as a source for other 5    2.0 grams
1,1'-azobis(N-n-proylformamide)  substituent azobisformamides, with the
cells  70       0.67 gram carbon black (1300 sq. meters per  being charged
to produce the azobisformamides         gram)
either at the time of manufacture, or other       2.3 ml. 17%  [err] 27%
[err] 0.3%   convenient time prior to use.         [err] 55.7% [err]
As the substituted azobisformamide is stable 10    This cell was cycled
more than sixty times  over a long period of time, in these cells it  75
before shorting out. A cycle consisted of a  is usually more convenient to
preform  the     4.0 hour discharge through a 25 ohm  load  substituted
azobisformamide and add as a     followed by a 4.5 to 5.0 hour charge at 40
component of the cathodic mix, rather than     milliamperes.
synethesize in situ. 15    Dry cells prepared from each of the other
1,1'-azodicarbonamides listed in Table I and    WHAT WE CLAIM IS:-
80     Table II gave comparably good results. The    1. A cathode
composition for an electric     capacity is, of course, proportional to
that  current-generating cell, which comprises a     expected from  the
molecular weight of the  mixture of carbon, an electrolyte, and a de- 20
compounds, the longer molecular weight com-  polarizer compound having the
formula: 



pounds having less capacity per gram  of     depolarizer.
EXAMPLE 8                                       85       An "AA" cell was
prepared as Example 7 25  except for the cathodic mix which had the  in
which [err]  are each hydrogen,     following composition:
or an alkyl of 1 to 8 carbon atoms, aryl, substi-       2.25 grams
1,1'-azobis(N-n-butylformamide)  tuted aryl, cycloalkyl, aralkyl,
alkoxyalkyl,       0.67 gram carbon black (1300 sq. meters per  cyanoalkyl,
haloalkyl, nitro-alkyl, or alkenyl         gram
group: and [err] and/or [err]    90 30    2.0 ml. 17%  [err] 27%  [err] 56%
when alkyl, may be joined directly or through         [err]
a nitrogen, sulfur or oxygen atom to form a       This cell was cycled more
than thirty times  heterocyclic ring; and not more than three     before
shorting out. A cycle consisted of dis-  of [err] are hydrogen.     charge
through a 24 ohm-resistor to 1.00V    2. A  cathode composition according
to  95 35  followed by a tapered charge to 1.50V.     Claim 1, wherein each
of the terminal nitro-                    EXAMPLE 9                   gen
atoms of the depolarizer compound carries       An "AA" size cell was
prepared using a  as the only substituent an alkyl group of 3 or 4     zinc
can, a "Cellophane" laminate having a  carbon atoms.     pore size of
around 16 Angstroms, and a    3. A cathode composition according to Claim
100 40  cathodic mix containing:                    2, wherein, in the
depolarizer compound, [err]       1.5 grams N-n-butyl-N'methylbiurea
and [err] are hydrogen and [err] are iso-       1 gram of carbon black,
surface area 1300  propyl groups, or iso-butyl groups.         sq. meters
per gram                      4. A cathode composition according to any
0.66 grams of zinc oxide                 preceding Claim wherein the
depolarizer com- 105 45    3.5 ml. electrolyte containing:           pound
is present in an amount of from 10 to                    35% [err]
50%  by weight, of the total weight of the                    20% [err]
composition.                    0.3% [err]                     5. A cathode
composition according to any                    44.7% [err]
preceding claim, wherein the depolarizer com- 110 50  The zinc can was
lined with the laminate as  pound has a particle size range of about 1
a separator with the laminate extending about  micron. 



[err] inch above the can. The above cathodic mix    6. A cathode
composition according to any     was taped into the cell. A carbon rod
having  preceding claim, wherein the depolarizer com-     a brass cap was
inserted into the mix. The  pound is any one of the substituted azodi- 115
55  laminate was folded over the top of the  carbonamide compounds
hereinbefore men-     cathodic mix and the cell sealed with epoxy  tioned.
resin.                                        7. A cathode composition
according to any       The cell was charged for 16 hours at 20  preceding
claim, containing an halide salt in     milliamperes; then discharged
through a 20  the electrolyte.                          120 60
ohm-resistor until the voltage drops to 0.96    8. A cathode composition
according to Claim     volts. The cell was then charged at 20 milli-  7,
containing a bromide salt in the electrolyte.     amperes until the voltage
reached 1.65. The    9. A cathode composition according to Claim     cell
performed satisfactorily for 4 cycles, at  1 and substantially as
hereinbefore described.     which time the test was discontinued.
10. An electric current-generating cell com- 125 65    The substituted
biurea was used as a starting  prising an anode of an electro positive
metal              10                                      1,113,890
EXAMPLE 7                   material with N-n-butyl-N'-methyl-1,1'-azo-
An "AA" size cell was prepared using a  bisformamide being synthesized in
the cell, by 



zinc can, a "Cellophane" laminate as separa-  the use of the charging
current. Corresponding     tor, and a cathodic mix containing:
biureas may be used as a source for other 5    2.0 grams
1,1'-azobis-N-n-proylformamide)  substituent azobisformamides, with the
cells  70       0.67 gram carbon black (1300 sq. meters per  being charged
to produce the azobisformamides         gram)
either at the time of manufacture, or other       2.3 ml. 17%  [err] 27%
[err] 0.3%   convenient time prior to use.         [err] 55.7% [err]
As the substituted azobisformamide is stable 10    This cell was cycled
more than sixty times  over a long period of time, in these cells it  75
before shorting out. A cycle consisted of a  is usually more convenient to
preform  the     4.0 hour discharge through a 25 ohm  load  substituted
azobisformamide and add as a     followed by a 4.5 to 5.0 hour charge at 40
component of the cathodic mix, rather than     milliamperes.
synethesize in situ. 15    Dry cells prepared from each of the other
1,1'-azodicarbonamides listed in Table I and    WHAT WE CLAIM IS:-
80     Table II gave comparably good results. The   1. A cathode
composition for an electric     capacity is, of course, proportional to
that  current-generating  cell, which comprises a     expected from  the
molecular weight of the  mixture of carbon, an electrolyte, and a de- 20
compounds, the [err]  molecular weight com-  polarizer compound having the
formula:     pounds having less capacity per gram  of     depolarizer.
EXAMPLE 8       An "AA" cell was prepared as Example 7 25  except for the
cathodic mix which had the  in which [err][ are each hydrogen,
following composition:                     or an alkyl of 1 to 8 carbon
atoms, aryl, substi-       2.25 grams 1,1'-azobis(N-n-butylformamide)
tuted aryl, cycloalkyl, aralkyl, alkoxyalkyl,       0.67 gram carbon black
(1300 sq. meters per  cyanoalkyl, haloalkyl, nitro-alkyl, or alkenyl
gram                                   group: and [err] and/or [err]  90 30
2.0 ml. 17%  [err] 27%  [err] 56%   when alkyl, may be joined directly or
through         [err]                                a nitrogen, sulfur or
oxygen atom to form a       This cell was cycled more than thirty times
heterocyclic ring; and not more than three     before shorting out. A cycle
consisted of dis-  of [err] are hydrogen. 



charge through a 24 ohm-resistor to 1.00V    2. A  cathode composition
according to  95 35  followed by a tapered charge to 1.50V.     Claim 1,
wherein each of the terminal nitro-                    EXAMPLE 9
gen atoms of the depolarizer compound carries       An "AA" size cell was
prepared using a  as the only substituent an alkyl group of 3 or 4     zinc
can, a "Cellophane" laminate having a  carbon atoms.     pore size of
around 16 Angstroms, and a    3. A cathode composition according to Claim
100 40  cathodic mix containing:                   2, wherein, in the
depolarizer compound, [err]       1.5 grams N-n-butyl-N'methylbiurea
and [err] are hydrogen and [err]  are iso-       1 gram of carbon black,
surface area 1300  propyl groups, or iso-butyl groups.         sq. meters
per gram                      4. A cathode composition according to any
0.66 grams of zinc oxide                preceding Claim wherein the
depolarizer com- 105 45    3.5 ml. electrolyte containing:          pound
is present in an amount of from 10 to                    35% [err]
50%  by weight, of the total weight of the                    20% [err]
composition.                    0.3% [err]                    5. A cathode
composition according to any                    44.7% [err]
preceding claim, wherein the depolarizer com- 110 50  The zinc can was
lined with the laminate as  pound has a particle size range of about 1
a separator with the laminate extending about  micron.     [err] inch above
the can. The above cathodic mix    6. A cathode composition according to
any     was taped into the cell. A carbon rod having  preceding claim,
wherein the depolarizer com-     a brass cap was inserted into the mix. The
pound is any one of the substituted azodi- 115 55  laminate was folded over
the top of the  carbonamide compounds hereinbefore men-     cathodic mix
and the cell sealed  with epoxy  tioned.     resin.
7. A cathode composition according to any       The cell was charged for 16
hours at 20  preceding claim, containing an halide salt in
milliamperes; then discharged through a 20  the electrolyte.
120 60  ohm-resistor until the voltage drops to 0.96    8. A cathode
composition according to Claim     volts. The cell was then charged at 20
milli-  7, containing a bromide salt in the electrolyte.     amperes until
the voltage reached 1.65. The    9. A cathode composition according to
Claim     cell performed satisfactorily for 4 cycles, at  1 and
substantially as hereinbefore described.     which time the test was
discontinued.        10. An electric current-generating cell com- 125 



65    The substituted biurea was used as a starting  prising an anode of an
electro positive metal                     1,113,890
11     and a cathode composition as defined in any   TREGEAR, THIEMANN &
BLEACH,    preceding claim.                                     Chartered
Patent Agents,       11. A cell according to Claim  10, wherein
Melbourne House,    the anode is zinc.
Adwych, 5     12. A cell according to Claim 10 and sub-
London, W.C.2.    stantially as hereinbefore described.
Agents for the Applicants.           Printed for Her Majesty's Stationery
Office by the Courier Press, Leamington Spa, 1968.          Published by
the Patent Office, 25 Southampton Buildings, London, W.C.2, from which
copies may be obtained.    


