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mesne assignments, to Union Carbide and Car 

• bon Corporation, a corporation of New York 

Application December 14, 1944, Serial No. 568,137 

This invention relates to primary galvanic 
cells and refers more particularly to such cells 
of the “dry” type, 
In the conventional dry cell having a zinc 

electrode, a carbon electrode, a depolarizer mix 
of manganese dioxide and carbon, and an aqueous 
ammonium chloride electrolyte, a cereal paste, 
usually of corn Starch or the like, is used to im 
mobilize the electrolyte and to separate the zinc 
anode from the depolarizer mix. To maintain 
adequate Separation the paste layer must be quite 
thick, and consequently it undesirably lessens 
the quantity of depolarizer mix that can be 
present in the cell. Sometimes a molded bobbin 
of depolarizer mix is wrapped with a layer of 
cotton fabric or certain synthetic organic ma 
terials, and it has been Suggested that a bobbin 
of depolarizer mix be coated with a layer of or 
ganic resin. Both of these expedients are 
intended to diminish the thickness of the paste 
layer in the dry cell, but neither eliminates 
the need for a cereal paste. Another expedient 
that has been used with some success is to em 
ploy a paper liner which has been coated with 
paste to separate the zinc anode from the de 
polarizer mix, but, again, the use of paper does 
not eliminate the need for paste, and moreover 
paper increases the internal resistance of the 
cell to a serious degree. 
The use of a cereal paste in the construction 

of dry cells has several disadvantages among the 
more important of which are difficulties in 
volved in the preparation of a paste of uniform 
composition and viscosity, the tendency of the 
cereal to hydrolyze in the presence of zinc 
chloride, and the reaction which occurs between 
the products of Such hydrolysis and the man 
ganese dioxide in the depolarizer mix. 
In attempts to avoid the use of cereal paste, it 

has been proposed that a water soluble alkyl 
cellulose ether be substituted for cereal paste as 
a thickening agent for the electrolyte in the 
inter-electrode space. Dry cells using such ma 
terials give fairly satisfactory initial perform 
ance, but after a few months storage give very 
poor Service because the viscous cellulose ether 
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dition that it can be handled without damage by 
automatic machinery in cell manufacture. It 
should retain enough strength after assembly of 
a cell to prevent its accidental rupture or per 
foration and the consequent short-circuiting of 
the cell. Since the diaphragm in a dry cell oc 
cupies Space to the exclusion of active material, 
the diaphragm Should be as thin as possible so 
that the Space it occupies is reduced to a mini 

Chemically, a dry cell diaphragm must be inert. 
It must not react with the other elements of the 
cell and must undergo no chemical change which 
would interfere with proper cell operation. 
Otherwise, a cell Would have but a short shelf 
or service life. The diaphragm material must 
be resistant to chemical attack by the electrolyte, 
the Zinc electrode, and the depolarizer mix with 
which it is in contact and, further, must resist 
attack by the products of the chemical reactions 
which take place within the cell. Yet it must 
not hamper ready diffusion of such reaction 
productS. 

Furthermore, if the diaphragm is situated next 
to the Zinc it must make uniformly good wet 
contact thereWith over the entire active surface 
of the electrode, because imperfect contact leads 
to high internal resistance and premature corro 
Sion and pitting of the zinc. 

Still further, the diaphragm should absorb and 
retain a large Volume of electrolyte relative to its 
own total volume, that is, should be bibulous 
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Solution is to a considerable extent absorbed 
by the mix bobbin. Accordingly, this proposal is 
not a commercially successful solution of the 
problems encountered in immobilizing dry cell 
electrolyte. 

It would be advantageous to use, instead of 
the various expedients mentioned above, a thin 
diaphragm for separating the depolarizing mix 
from the Zinc electrode and thereby to avoid 
the mechanical and chemical disadvantages and 
difficulties described. ? 
A dry cell diaphragm must meet several im 

portant requirements. Physically, the material 
selected must be strong enough and in such con 
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even When compressed between the zinc electrode 
and the depolarizer mix, and under these condi 
tions it should not unduly increase the internal 
electrical resistance of the cell in which it is 
used. 
These numerous requirements have heretofore 

prevented the commercial use of unpasted dia 
phragms in dry cells, for no diaphragm which 
Satisfactorily meets all of these requirements has 
heretofore been available. Despite the many dis 
advantages of cereal paste, the vast majority of 
dry cells are made using paste. 

It is the principal object of the present inven 
tion to provide a dry cell diaphragm which satis 
factorily meets all the requirements for such dia 
phragms and which makes possible the elimina 
tion of cereal paste in dry cell construction. An 
other important object is a dry cell having im 
proved Service characteristics. 
The invention by means of which these ob 

jects are attained is based upon the discovery 
that a nonfibrous, nonporous film composed of 
certain organic film-forming compounds is a 
highly satisfactory diaphragm material for dry 
cells, provided such film is suitably protected 
from solution and subsequent dispersion in dry 
cell electrolyte. One group of film-forming ma 
terials which when so protected are suitable for 
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the purposes of the invention comprise the nor 
mally water-soluble alkyl cellulose ethers, and 
although the invention is not limited to any par 
ticular film-forming material, it will be described 
with particular reference to this group and Spe 
cifically to methyl cellulose which has been found 
to be particularly desirable. 
In accordance with the invention a film Com 

posed of alkyl cellulose ether normally Soluble in 
dry cell electrolyte may be protected from exces 
sive solution and dispersion in Such electrolyte in 
a variety of ways. For instance, a film which 
would otherwise be too readily Soluble in electro 
lyte may be backed by a suitable electrolyte-in 
soluble material to form a composite diaphragm 
or, alternatively, such a film may be treated with 
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an insolubilizing agent; or both expedients may 
be used. 

In the accompanying drawing: 
Fig. 1 is a cross section in exaggerated propor 

tions of a composite dry cell diaphragm embody 
ing the invention; . 

Fig. 2 is similar to Fig. 1 but illustrates a modi 
fied form of diaphragm embodying the invention; 

Fig. 3 is similar to FigS. 1 and 2 but illustrates 
another modification of the diaphragm of the 
invention; 

Fig. 4 is an elevational view partially in Sec 
tion of an otherwise conventional round dry cell 
provided with a diaphragm of the type shown in 
Fig. 1; and 

Fig. 5 is a side elevational view partially in Sec 
tion of a battery of flat dry cells provided with 
diaphragms of the type shown in Fig. 3. 
The essence of the invention lies in the provi 

sion of a dry cell diaphragm composed of an Or 
ganic nonfibrous film-forming material. Al- . 
though there are several types of diaphragms em 
bodying the invention, a common feature of all 
of these diaphragms is their film base. Methyl 
cellulose is a suitable material for this film base. 
It is available on the market in a number of 
grades identified by the viscosity of a 2% aqueous 
solution of the material at 20° C. Grades having 
viscosities ranging from 15 to 4000 centipoises. 
under these conditions are Satisfactory for the 
purposes of this invention. 

Suitable films may be prepared from aqueous 
solutions of methyl cellulose containing about 
1% to 15% methyl cellulose by weight depending 
on the viscosity. For example, dry methyl cellu 
lose in the desired quantity is mixed with water 
which is at a temperature of 80 C. to 100° C. and 
the mixture is allowed to Stand until the methyl 
cellulose is thoroughly wet. The mixture is then 
cooled, Suitably in an ice bath, until Solution is 
complete. A thin layer of this solution is then 
poured on a smooth surface, such as a horizon 
tally arranged glass plate, and the Water is evapo 
rated from the solution. After evaporation of the 
water, a thin, tough film is produced which may 
readily be stripped from the Smooth surface. 
A film of methyl cellulose so produced is unde 

sirably soluble in dry cell electrolyte. In one em 
bodiment of this invention it is protected from 
excessive solution and dispersion in electrolyte 
by backing it with a separate electrolyte-insolu 
ble material, thus forming a composite diaphragm 
for example as shown in Fig. 1; in another emi 
bodiment of the invention it is protected from 
solution and dispersion by treatment with an in 
solubilizing material, as will be explained below, 
to form a diaphragm of the type illustrated for 
example in FigS. 2 and 3. 
One form of composite diaphragm embodying 
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4. 
the invention consists of a film of electrolyte 
soluble alkyl cellulose ether backed by a film of 
regenerated cellulose. In a dry cell this com 
posite diaphragm is placed with the regenerated 
cellulose backing adjacent to the depolarizer mix 
and the alkyl cellulose ether film adjacent to the 
zinc i electrode. Cells containing Such a dia 
phragm combination possess particularly good 
keeping qualities but their successful use is limited 
to those applications in which discharge condi 
tions do not require rapid diffusion of reaction 
products to maintain satisfactory operating volt 
ageS. 

Another, and preferred, composite diaphragm 
consists of an electrolyte-soluble film of alkyl 
cellulose ether backed by an alkyl cellulose ether 
film which has been subjected to an insolubilizing 
treatment. This type of diaphragm is placed in 
a dry cell with the electrolyte-soluble film ad 
jacent to the Zinc electrode and the insolubilized 
film adjacent to the depolarizer mix. 
A suitably insolubilized film for use in the com. 

posite diaphragm may be prepared from an aque 
ous solution of methyl cellulose to which an in 
Solubilizing agent has been added. Suitable in 
Solubilizing agents are organic polybasic acids, 
including aliphatic carboxylic, aromatic car 
boxylic and phenol carboxylic acids. Citric, 
phthalic, tricarballylic, tartaric, and malic acids, 
as well as gallic, digallic and similar acids com 
monly known as tannic acids are typical of the 
acids that may be used. Insolubilized films may 
be prepared by casting and drying a methyl cel 
lulose containing tannic acid, but if any other 
acid from this group is used, heat treatment of 
the film produced on casting and drying the 
Solution is required for insolubilization. A suit 
able film-forming solution may contain about 
1% to 15% methyl cellulose by weight and about 
0.1 part to 1.5 parts of tannic acid for each part 
by weight of methyl cellulose. This solution 
when cast and dried in the usual way produces 
a film with many of the physical characteristics 
of the plain methyl cellulose film but one which 
is at least partially insoluble in dry cell electro lyte. . . . 
A somewhat more desirable insolubilized film 

for use in the composite diaphragm is prepared 
from a methyl cellulose solution containing citric 
acid as an insolubilizing agent. The quantity of 
citric acid present in the solution may be about 
0.01 to 1 equivalent weight of citric acid for each 
C6 unit of methyl cellulose, one equivalent of 
citric acid being one-third of its formula weight 
and a C6 unit being the basic unit of the com 
plex methyl cellulose molecule. Good films have 
been formed for example from aqueous solutions 

60 

65 

s 

containing citric acid and methyl cellulose in the 
proportions of 0.2 gram of citric acid and 24 
grams of dimethyl cellulose per liter of water, 
the quantity of citric acid used being about 0.025 
equivalent per C6 unit of dimethyl cellulose. 
Films produced from a solution of this composi 
tion are at least partially insoluble in dry cell . 
electrolyte and have desirable properties after 
heat treatment at a temperature of about 125° 
C. to 250° C. The time of heat treatment in 
preparing a film of this type depends not only 
On the temperature of the heat treatment but on 
the quantity of citric acid in the film, the higher 
the temperature and the greater the quantity of 
citric acid employed, the shorter the time of 
treatment to attain a given degree of insolubility. 
Ordinarily, the film is heated for a time between 
a few seconds and ninety minutes. Excellent 
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films have been obtained by heating 8 to 10 min 
utes at 205 C. ..., 
A backing film produced from a solution con 

taining tannic acid or citric acid as described, 
although substantially insoluble in dry cell elec 
trelyte, - absorbs i limited but substantial quan 
tities of electrolyte to produce an elastic, elec 
trolyte-insoluble gel-like structure. When used 
in a dry, cell to back an electrolyte-soluble film 
it protects the soluble film, placed adjacent to 
the zinc electrode, from dispersion in dry cell 
electrolyte. . Cells containing a composite dia 
phragm consisting of a soluble methylcellulose 
film backed by an insolubilized methyl cellulose 
film have excellent service characteristics even 
after many months storage. 
In Fig. 4 is shown a round dry cell provided 

with a composite diaphragm of the type shown 
in Fig. 1 embodying the invention. Adjacent 
to a zinc container electrode 0 is placed a film 

of electrolyte-soluble alkyl cellulose ether such 
as methyl cellulose. The electrolyte-soluble film 

is backed by an electrolyte-insoluble film 2. 
Depolarizer mix 3, wet with electrolyte, is pro 
vided within the container electrode to adjacent 
to the backing film f2, and a carbon electrode 
f4 is positioned in the depolarizer mix 3. The 
cell is sealed at the top in conventional manner 
with a fibrous washer 5 and a layer 6 of seal 
ing compound such as pitch or other conven 
tional sealing material. 
An alternative form of diaphragm embodying 

the invention consists of a normally electrolyte 
soluble film of alkyl cellulose ether Such as methyl 
cellulose protected from excessive Solution and 
dispersion in dry cell electrolyte by insolubiliza 
tion of one of its surfaces. Such a film may be 
produced by treating one surface of an ordinary 
methyl cellulose film with an insolubilizing agent, 
suitably selected from the group of organic poly 
basic acids above listed. For example One sur 
face of a dry methyl cellulose film may be sub 
jected to the action of a 5% aqueous tannic acid 
solution at a temperature of about 50° C. to 60° C. 
poured, sprayed, or wiped on the surface to be 
treated and allowed to remain for a short period 
of time, say about 1% minutes before it is re 
moved. Or the surface to be treated may be 
dipped into a tannic acid solution. Such treat 
ment produces a "tanned' insoluble layer on the 
order of about 0.00005 inch thick on the film. 
A film of this type is illustrated in Fig. 2 of the 
drawing one side 3 of the film being untreated 
and the other side 32 being treated with an in 
solubilizing agent. When used as a dry cell dia 
phragm it is placed in the cell with the insolu 
bilized surface adjacent to the depolarizer mix. 

For some types of dry cell a single film dia 
phragm composed of a film prepared from a so 
lution containing an insolubilizing agent is en 
tirely satisfactory. Such a diaphragm may con 
sist of a film prepared from a methyl cellulose 
solution containing tannic acid or citric acid, 
for example, as above described. 
This type of film is shown in Fig. 3, and Fig. 5 

illustrates a battery of dry cells of the flat elec 
trode type provided with single film diaphragms. 
A plurality of dry cells each comprising a flat 
zinc electrode 20, a flat carbon electrode 2, a flat 
cake of electrolyte-wet depolarizer mix 22, and 
a diaphragm 23 composed of a film of insolubilized 
methyl cellulose separating the mix cake 22 from 
the zinc electrode 20 is assembled and maintained 
under heavy endwise pressure with the zinc elec 
trode of one cell adjacent to the carbon elec 

O 

. 
trode of another. The assembly of cells is sealed 
with a deposit 24 of pitch or other sealing com 
pound, and is placed in a suitable container 25. 

Films for use in the diaphragm of the invention 
generally should be as thin as possible consistent 
with having sufficient strength to withstand dam 
age in handling. For present-day dry cells dry 
films should generally be no more than about 
0.01 inch thick. In double film diaphragms ex 
cellent results have been obtained with films 
about 0.0015 to 0.002 inch thick in the dry con 
dition, and in single film diaphragms excellent 
results have been obtained with films about 0.003 

S 
to 0.004 inch thick, when dry. 
The diaphragm of the invention, in any of its 

various forms, completely eliminates the neces 
sity for any cereal paste in a dry cell. Since it is 
prepared as a dry film, it is easily handled, and 

20 
this feature in conjunction with the elimination 
of. paste makes possible much simpler assembly 
of Cells of all shapes and sizes. 
..In particular, the diaphragm of the invention 
makes possible an improved method of manufac 
turing the conventional round dry cells in which 
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the zinc electrode serves as the cell container. 
To assemble a cell of this type utilizing a film 
type diaphragm, an insulating bottom is placed 
in the container, a film is formed into a cylinder 
and slipped into the container. The depolarizer 
mix, moistened with electrolyte, is then placed in 
the container, and the carbon electrode rammed 
into the mix. Additional electrolyte, if neces 
Sary, may then be placed on the depolarizer mix. 
The cell is completed and sealed in conventional 
manner. In each case the diaphragm film is ar. 
ranged as above set forth with respect to the 
zinc electrode and depolarizer mix. 
Dry cells provided with diaphragms embodying 

the invention but otherwise the same as conven 
tional general purpose cereal paste type cells are 
far Superior to the conventional cells. For ex 
ample, their longer service life at different dis 
charge rates is indicated in the following table. 
In this table the "thin diaphragm cells' referred 
to were of the double film type, being provided 
with a methyl cellulose film adjacent to the zinc 
and with a heat-treated, citric acid-insolubilized 
methyl cellulose film adjacent to the depolarizer 
mix. Each cell was discharged for four minutes 
every hour for eight consecutive hours a day, 
tests being discontinued at the cut-off voltages 
indicated. 

TABLE 

Service in minutes of dry cells discharged through 
resistances indicated 

Resist 

'^ O iš Vol. intes 
Thin diaphragin cell.-------------- 4.0 0.90 900 

Po----------------------------- 2. 0.6 487 
Paste type cell---------------------- 4?Q 0.00 875 

Do---------------------------- 2. 0.67 375 

Dry cells having film-type diaphragms also 
have excellent keeping quality, and particularly 
in combination with depolarizers capable of re 
acting with cereal paste, have proved to be su 
perior in this respect and in service life to other 
wise similar cells of standard paste lined con 
struction. For example industrial flashlight 
cells containing active depolarizer mix and pro 
vided with double film diaphragms consistently 
maintain a voltage of 1.5 volts or higher for at 
least 15 months, whereas the voltage of other 
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posed of a bibulous chemically inert, nonfibrous, 
synthetic organic film material at least the sur 
face portion of said diaphragm in contact with 
said depolarizer mix being swellable in said elec 
trolyte but insolubilized. 

2. A primary galvanic cell as claimed in claim 
in which said diaphragm comprises a bibulous 

Single film. 
3. A primary galvanic cell comprising a soluble 

electrode; an insoluble electrode; a depolarizer 
mix; an electrolyte; and, separating said soluble 
electrode from Said depolarizer miX and in con 
tact with said soluble electrode and with said de 
polarizer mix, a bibulous diaphragm of alkyl cel 
lulose ether, at least the surface of said diaphragm 
which is in contact with said depolarizer mix 
being insolubilized. 

4. A primary galvanic cell comprising a Zinc 
electrode; a carbon electrode; a depolarizer mix; 
an electrolyte; and a diaphragm separating Said 
zinc electrode from said depolarizer mix; said 
diaphragm comprising an electrolyte-soluble film 
of alkyl cellulose ether in contact with said zinc 
electrode and a nonfibrous, insolubilized but bib 
ulous backing film in contact with said depolar 
izer mix. 

5. A primary galvanic cell comprising a Solu 
ble zinc electrode; an insoluble carbon electrode; 
a solid depolarizer mix; a liquid electrolyte; and 
a diaphragm interposed between said zinc elec 
trode and said depolarizer mix with one of its 
Surfaces in contact with said zinc electrode and 
one of its surfaces in contact with said depolarizer 
mix, said diaphragm being composed of non 
fibrous alkyl cellulose ether film, at least the 
Surface of said diaphragm in contact with Said 
depolarizer mix containing an organic polybasic 
acid insolubilizing agent. 

6. A primary galvanic cell comprising a soluble 
zinc electrode; an insoluble carbon electrode; a solid depolarizer mix; a liquid electrolyte; and 
a diaphragm interposed between said Zinc elec 
trode and said depolarizer mix with one of its Sur 
faces in contact with said zinc electrode and 
one of its surfaces in contact with said depolarizer 
mix, said diaphragm being composed Of non 
fibrous alkyl cellulose ether film, at least the sur 
face of Said diaphragm in contact with said de 
polarizer mix containing tannic acid. 

7. A primary galvanic cell comprising a soluble 
zinc electrode; an insoluble carbon electrode; a 
solid depolarizer mix; a liquid electrolyte; and a 
diaphragm interposed between said zinc electrode 
and said depolarizer mix with one of its surfaces 
in contact with said Zinc electrode and one of its 
surfaces in contact with said depolarizer mix, said 
diaphragm being composed of nonfibrous alkyl 
cellulose ether film, at least the surface of said 
diaphragm in contact with said depolarizer mix 
containing citric acid. 

8. A primary galvanic cell comprising a soluble 
zinc electrode; an insoluble carbon electrode; a 
solid depolarizer mix; a liquid electrolyte; and a 
composite diaphragm interposed between said 
zinc electrode and said mix, said diaphragm com 
prising an electrolyte-soluble, nonfibrous film of 
alkyl cellulose ether in contact with said zinc 
electrode and a backing film composed of insolu 
bilized alkyl cellulose ether in contact with Said 
depolarizer mix. 

9. A primary galvanic cell comprising a solu 
ble zinc electrode; an insoluble carbon electrode; 

10 
a solid depolarizer mix, a liquid electrolyte; and 
a composite diaphragm interposed between said 
Zinc electrode and said mix, said diaphragm 
comprising an electrolyte-soluble nonfibrous 

5 film of methyl cellulose in contact with said zinc 
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electrode and a backing film of insolubilized alkyl 
cellulose ether in contact with said depolarizer 
mix. 

10. A primary galvanic cell comprising a solu 
ble zinc electrode; an insoluble carbon electrode; 
a Solid depolarizer mix; a liquid electrolyte; and 
a composite diaphragm interposed between said 
Zinc electrode and Said mix, said diaphragm com 
prising an electrolyte-soluble nonfibrous film of 
methyl cellulose in contact with said zinc elec 
trode and, in contact with said depolarizer mix, 
a film of methyl cellulose containing citric acid. 

11. A primary galvanic cell comprising a solu 
ble zinc electrode; an insoluble carbon electrode; 
a solid depolarizer mix; a liquid electrolyte; and 
a composite diaphragm interposed between said 
zinc electrode and said mix, said diaphragm com 
prising an electrolyte-soluble nonfibrous film of 
alkyl cellulose ether in contact with said zinc 
electrode and a film of insolubilized hydroxy 
ethyl cellulose in contact with said depolarizer 
mix. 

12. A primary galvanic cell diaphragm com 
posed of bibulous, chemically inert, nonfibrous, 
Synthetic Organic film material at least one sur 
face of said diaphragm being insolubilized. 

13. A primary galvanic cell diaphragm com 
prising a bibulous, chemically inert, nonfibrous 
film of synthetic organic material soluble in dry 
cell electrolyte and a nonfibrous backing film in 
Soluble in dry cell electrolyte. 

14. A primary galvanic cell diaphragm com 
posed of bibulous, chemically inert, nonfibrous 
alkyl cellulose ether film, at least one surface of 
Said diaphragm being insolubilized. w 

15 A primary galvanic cell diaphragm con 
prising a film of electrolyte-soluble methyl cellu 
lose and a backing layer of insolubilized methyl 
cellulose. 
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