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t571 ABSTRACT 
A battery separator is produced from a polyvinyl alco- 
hol sheet structure which is subjected to an in situ, self 
cross-linking process by selective oxidation of the 1,2 
diol units present in the polyvinyl alcohol sheet struc- 
ture. The 1,2 diol units are cleaved to form aldehyde 
end groups which subsequently cuoss-link through acet- 
alization of the 1,3 diol units of the polyvinyl alcohol. 
Selective oxidation is achieved using a solution of a 
suitable oxidizing agent such as periodic acid or lead 
tetraacetate. 

8 Claims, No Drawings 
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IN SITU SELF CROSS-LINKING OF POLYVINYL 
ALCOHQL BATI’ERY SEPARATORS 

ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 

ees of the United States Government and may be manu- 
factured and used by or for the Government for govern- 
mental purposes without the payment of any royalties 
thereon or therefor. 

FIELD OF THE INVENTION 
The present invention relates to a polyvinyl alcohol 

sheet structure and a method for producing such a sheet 
structure and, more specifically, to a method for the in 
situ self cross-linking of polyvinyl alcohol which is 
particularly useful in producing battery separator films. 

BACKGROUND OF THE INVENTION 
The use of polyvinyl alcohol as a separator material 

in alkaline batteries is well known. A standard electro- 
lyte for alkaline batteries is concentrated aqueous potas- 
sium hydroxide. Although polyvinyl alcohol is soluble 
in water, it is not readily dissolved in such a concen- 
trated potassium hydroxide solution, and thus, films of 
this material can be used in such electrolytes. In general, 
polyvinyl alcohol films have been utilized as battery 
separators because of their high conductivity in alkaline 
electrolytes and their ease of fabrication from aqueous 
solution. 

Efforts have been made to improve the mechanical 
properties and chemical stability of polyvinyl alcohol 
by synthesizing numerous derivatives of the polymer. 
However, the number of processes for the in situ reac- 
tion of prefabricated polyvinyl alcohol structures, such 
as battery separators, is limited. The in situ acetalization 
of polyvinyl alcohol separators has been achieved 
through treatment of the separators with acid solutions 
of aldehydes, such as an aqueous formaldehyde solution 
containing a small amount of sulfuric acid. The alde- 
hyde acetalates the 1,3 diol units present in the polymer 
thereby creating tough, water insoluble derivatives. In 
many of the aldehyde treatments, the extent of acetali- 
zation is difficult to control. Extensive acetalization of 
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Dolvvinvl alcohol leads to Door conductivity in alkaline 45 
electrolse, which is probably due to the decreased 
number of hydrophilic alcohol groups resulting from 
the using up of such groups by the acetalization reac- 
tion. In addition, commercially available polyvinyl al- 
cohol normally contains approximately from 0.5% to 
6%, but may be made to contain up to 20% of 1,2 diol 
units in the predominantly 1,3 diol polymer structures. 
These chemically reactive 1,2 diol units are still present 
in the chain and can lead to poor oxidation resistance of 
the polymer. 

Reference is also made to U.S. Pat. No. 2,983,759 
(Matsumoto et al) which mentions the preparation of 
polyvinyl alcohol having terminal carbonyl groups by 
oxidizing the polyvinyl alcohol with an agent such as 
periodic acid or lead tetraacetate whereby 1,2 glycol 
groups in the polyvinyl alcohol are cleaved and oxi- 
dized to carbonyl groups. 

SUMMARY OF THE INVENTION 
The invention relates to a process for the in situ cross- 

linking of a prefabricated polyvinyl alcohol sheet struc- 
ture which (i) provides an amount of cross-linking (by 
acetalization) to an extent determined by the amount of 
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1,2, diol units in the sheet structure prior to cross-link- 
ing; (ii) provides for a product having high conductiv- 
ity; and (iii) minimizes the number of 1,2 diol units re- 
tained in the polyvinyl alcohol polymer chain, thereby 
producing a sheet structure which is particularly useful 
as a separator for an alkaline battery. 

In accordance with the invention, a self cross-linked 
prefabricated polyvinyl alcohol sheet structure is pro- 
vided by: contacting a prefabricated sheet structure 
containing polyvinyl alcohol and containing diol units, 
of which 0.5 to 20% are 1,2, diol units, with an oxidizing 
agent capable of selectively oxidizing and cleaving the 
1,2 diol units present in the structure; maintaining 
contact between the sheet structure and the oxidizing 
agent for a time sufficient to effect selective oxidative 
cleavage of the 1,2, diol units to form aldehydes; con- 
tacting the sheet structure with an aqueous acid solution 
to catalyze acetalization, using the aldehydes, of 1,3 diol 
units in the polyvinyl alcohol. The acetalization reac- 
tion effects cross-linking of the polyvinyl alcohol and, 
since the aldehyde units utilized to effect the cross-link- 
ing are derived from the prefabricated sheet structure 
itself, the product is self cross-linked. 

The cross-linking of the relatively water soluble poly- 
vinyl alcohol makes the sheet material water insoluble 
and establishes greater mechanical strength. Moreover, 
oxidation resistance is maintained since the 1,2, diol 
units are removed. In addition, since the degree of acet- 
alization is determined by the amount of 1,2 diol units 
present in the polyvinyl alcohol, it is readily controlled 
by adjusting the content of 1,2 diol units in the polyvi- 
nyl alcohol sheet structure. This can be easily accom- 
plished by selection of a polyvinyl alcohol containing 
an appropriate 1,2 diol content, by intentionally produc- 
ing polyvinyl alcohol with a high 1,2 diol content, by 
introducing 1,2 diol compounds into the sheet structure, 
or by combination of these techniques. Low conductiv- 
ity resulting from extensive acetalization can thereby be 
avoided. 

Other features and advantages of the invention will 
be set forth in, or apparent from, the detailed descrip- 
tion of the preferred embodiments found hereinbelow. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Commercially available polyvinyl alcohol, although 
essentially a 1,3 diol, may be made to contain up to 
approximately 20% 1,2 diol units in its polymer struc- 
ture. These 1,2 diol units are readily cleaved under 
oxidizing conditions using certain oxidizing reagents 
which oxidize and cleave the 1,2 diol to produce spe- 
cific formation of aldehyde end groups. Periodic acid 
and lead tetraacetate are well established reagents for 
achieving this result. Other oxidizing agents may also be 
used provided they involve an oxidation level reduction 
of two. The selective oxidative cleavage of the 1,2 diol 
units of the polyvinyl alcohol may be represented by the 
following equation: 

0 
0 0  

I1 OHOH II I I HI04or Pb(OCCH3)4 11 
RCHCHR >RCH + RCH 

wherein R and R represent the repetitive 1,3 diol units 
making up the chain structure of the polyvinyl alcohol. 
It is known that aldehyde groups in acid media can 
undergo acetalization with 1,3 diols. Therefore, once 
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the 1,2 diol units of the polyvinyl alcohol are cleaved, 
thereby forming polyvinyl alcohol fragments with alde- 
hyde end groups, these fragments can acetalate the 1,3 
diol units of the PolYvinYl alcohol to Produce Polymer 

chain structure may contain up to 20% 1,2 diol units, 

tion of head to head units formed in the chain. The head 
to head structure of the precursor, poly(viny1 acetate) 
leads to the 1,2 diol units in poly(viny1 alcohol). The 1,2 
diol content of the polyvinyl alcohol can be selected to 

product, which, in turn, results in varying degrees of 
chains with cross-linking. Since the polyvinyl alcohol 5 provide for various levels of cross-linking in the final 

the Polyvinyl alcohol fragments are Produced Primarib’ toughness, solubility, resistance and other properties of 
as dia1dehYde% wherein each aldehyde end group is the the separator. A 1,2 diol content of 1 to 6% has been 
oxidized form of one of the alcohols of a 192 diol. Thus, found to provide desirable overall qualities for battery 
the acetalization reaction resulting in the self cross-link- 10 separator use. 
ing of the polyvinyl alcohol film is represented by the 
following equation: Additional 1,2 diol compounds may be combined 

with the polyvinyl alcohol, in an amount of up to 20% 
0 0  OH OH OM OH by weight of the polyvinyl alcohol, to increase the 1,2 
II II I I  I I  diol content and provide additional cross-linking com- 

ponents or form polyvinyl alcohol derivatives. Such 
compounds include the 1,2 diols of alkanes and substi- 
Luted alkanes such as 1,2 ethane diol, 1,2 propane diol, 

/ \ /o--CH\ 1,2 butane diol, 2,3 butane diol, and diols of longer chain 
molecules. The term “1,2 diol” used herein means that a 

‘CH-0 2o hydrogen atom of adjacent carbon atoms are substituted 
by a hydroxyl group. This is to distinguish from a “1,3 

wherein IR represents the polyvinyl alcohol fragment diol’’ in which a carbon atom separates the carbon 
with aldehyde end groups, and wherein R’, R”, R”’ and atoms to which the hydroxyl groups are attached. Thus, 
R”” represent the chain structure of the polyvinyl alco- 25 used herein, an “alkane 1,2 diol” is an alkane having 
hol with repetitive 1,3 diol units. hydroxyl substitution on two adjacent carbon atoms in 

The method of the present invention accomplishes the alkane, irrespective of whether those carbon atoms 
the cleavage and cross-linking through acetalization in a are normally numbered “1” and “2”. 
simple, controlled manner. A typical cross-linking aque- The periodic acid selective oxidizing agent used in 
ous treatment solution contains periodic acid as the 3o the present invention includes its salts, especially the 
selective oxidizing agent, an acid (preferably a mineral alkali metal salts, which also contain iodine in the 7+ 
acid, such as sulfuric acid) for Catalyzing the acetaliza- oxidation state. These compounds are typically derived 
tion, and an unreactive salt, such as sodium sulfate, from the metaperiodic acid, HIO~, and include sodium 
which functions to salt out or insolubilize the polyvinyl metaperiodate, N ~ I Q ~ ,  and potassium metapeiodate, 
alcohol in order to inhibit distortion of the fabricated B ~ Q ~ .  
separator until cross-linking is complete. This salt does 35 Unreactive salts used in the present invention include 
not take part in the reactive process itself. While peri- the salts of alkali earth alkali metals, ammonium, 
odic acid is the most convenient oxidizing agent in and like cations, and anions such as sulphate. Typical 

&So4 ammonium sulphate, (NH4)2S04, and related they involve an oxidation level reduction of two. 

carried out utilizing lead tetraacetate 2s the selective The following examples illustrate the present inven- oxidizing agent. In this case, the polyvinyl alcohol is 
treated in a non-aqueous, acidic solution containing lead 
tetraacetate, (e.g. a glacial acetic acid solution) fol- 
lowed by treatment using an aqueous solution contain- 45 
ing an acid catalyst for acetalization and an unreactive 
salt. Use of an aqueous reaction solution is preferred 
since organic solvents are not necessary and thus the 
hazards of flammability and toxicity associated with 
organic liquids are avoided. In this way, all operations, 50 
including casting of a polyvinyl alcohol film or impreg- 
nating a matrix with polyvinyl alcohol in addition to the 
cross-linking treatment of the present invention, may be 
accomplished by the appropriate aqueous solution. An- 
other advantage of the present invention is that the 55 at a temperature of 70” to 90” C. After an hour, the film 
cross-linking can be done on the already-fabricated is removed from the solution, washed with water, and 
polyvinyl alcohol separator, such as an electrode enve- then washed with dilute a¶ueous sodium bicarbonate, 
lope, without significant distortion of the fabricated NaHCO3, to neutralize absorbed acid, and finally 
separator. washed with water again to remove salts. The film is 

use in the present invention may contain 1,2 diol units in a polyvinyl alcohol film containing a self cross- 
an amount of 0.5% to as much as 20% of the total num- linked structure is produced, exhibiting high conductiv- 
ber of diol units present in the polymer (with the re- ity and oxidation resistance, and minimal distortion of 
mainder being predominantly 1,3 diol units). The 1,2 the film. 

EXAMPLE 2 diol content of the polyvinyl alcohol depends primarily 65 
on the polymerization temperature used during the 
formation of the precursor polyvinyl acetate. Higher A polyvinyl alcohol film containing about 96% poly- 
polymerization temperatures produce a greater propor- vinyl alcohol and about 4% 1,2 propane diol is treated 

HCRCH + RCHCH2CHR” + R“’CHCH2CHR“” 
R R”‘ 

CH-0 
I I 

/HCRCH\ /CH2 H2C 

0-CH 

R“’ 
I I 

R 

aqueous systems, Other Oxidizers may be used, provided salts are sodium sulfate, Na2S04, potassium sulfate, 

The method of the invention can alternatively be 4o compounds. 

tion: 

EXAMPLE 1 
A polyvinyl alcohol film with approximately 6% 1,2 

diol units, of the total amount of diol units, of about 
150p in thickness is immersed in a solution containing: 
. 

Water loo0 ml 
NazSO4 200 gm 

Conc. H2SO4 50 ml 
24-50 gm ria104 or K I Q  

The polyvinyl alcohol compounds contemplated for 60 then dried at room temperature. 
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as in Example 1. The polyvinyl alcohol has about 1% 
diol units in its molecular structure. The product is a self 
cross-linked polyvinyl alcohol structure exhibiting high 
conductivity and oxidation resistance, and minimal dis- 

EXAMPLE 3 

tortion of the film. 5 

A polyvinyl alcohol film with approximately 6% 1,2 
diol units of about 150 p thickness is immersed in a 5% ,o 
lead tetraacetate solution in glacial acetic acid for an 
hour, at about 90” C. The film is then removed and 
immersed in a solution containing: 

Water loo0 ml 15 
Na2SO4 200 gm 

conc. H~SOA 50 ml 

to complete the acetalization. The film is ihen washed 
and dried, following the procedure in the previous ex- 
amples, to provide a self cross-linked polyvinyl alcohol 
structure exhibiting high conductivity and oxidation 
resistance, and minimal distortion of the film. 

exemplary embodiments thereof, it will be understood 
that other variations and modifications can be effected 
in these embodiments without departing from the scope 
and spirit of the invention. 

20 

Although the invention has been described relative to 25 

What is claimed is: 30 
1. A method for the self Cross-linking of a prefabri- 

contacting a prefabricated sheet structure comprising 
polyvinyl alcohol containing diol units, of which 
units 0.5 to 20% are 1,2 diol units, with an oxidizing 35 
agent capable of selectively oxidizing and cleaving 
the 1,2 diol units present in the structure; 

maintaining contact between said sheet structure and 
said oxiduing agent for a time sufficient to effect 4o 
selective oxidative cleavage of said 1,2 diol units to 
form aldehydes; 

contacting said sheet structure with an aqueous acid 
solution to catalyze acetalization, using said alde- 
hydes, of 1,3 diol units in the polyvinyl alcohol to 45 
form a self cross-linked prefabricated polyvinyl 
alcohol sheet structure, said aqueous acid solution 
comprising an aqueous solution containing an unre- 
active water soluble salt dissolved therein, the 
amount of said salt being sufficient to inhibit distor- 50 

cated polyvinyl alcohol sheet structure comprising: 

6 
tion of the polyvinyl alcohol sheet structure in said 
aqueous solution. 

2. A method according to claim 1 wherein said con- 
tacting of said sheet structure with said oxidizing agent, 
said maintaining of contact to effect selective oxidative 
cleavage of said 1,2 diol units to form aldehydes, and 
said contacting of said sheet structure with said aqueous 
acid solution, are effected simultaneously. 

3. A method according to claim 1 wherein said sheet 
structure includes at least one additional compound 
containing 1,2 diol units, the amount of said compound 
being up to 20% by weight of the polyvinyl alcohol. 

4. A method according to claim 3 wherein said addi- 
tional compound comprises an alkane 1,2 diol. 

5. A method according to claim 4 wherein said addi- 
tional compound comprises 1,2 propane diol. 

6. A method according to claim 1 wherein said oxi- 
dizing agent is selected from the group consisting of 
periodic acid, lead tetraacetate and alkali metal perio- 
dates. 

7. A polyvinyl alcohol sheet material comprising 
polyvinyl alcohol substantially free of 1,2 diol units and 
having an acetal self cross-linked structure wherein the 
acetal content is determined by the 1,2 diol content in 
the sheet material prior to cross-linking and wherein 
said 1,2 diol content is from 0.5 to 20% of the total 
amount of diol units present in the polyvinyl alcohol 
prior to cross-linking, said sheet material comprising at 
least one additional 1,2 diol compound in an amount up 
to 20% by weight of the polyvinyl alcohol. 

8. A polyvinyl alcohol sheet material according to 
claim 7 wherein the polyvinyl alcohol has the structural 
formula: 

R’-CH- CH2-CH-R‘ 

I 
0 

I 
0 

\H/ C 
R 

0 A 0 
I I RfI#-CH- CHZ -CH-R,” 

wherein R represents a polyvinyl alcohol chain frag- 
ment with aldehyde end groups, and wherein R ,  R ,  
R “  and R ”  represent the chain structure of the polyvi- 
nyl alcohol with repetitive 1,3 di’ol units. * * * + *  
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