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er) (57) Abstract: A method for producing a battery separator is disclosed. The method comprises applying a coating of an ethylenically

@\ unsaturated monomer to the fibers of a non-woven sheet and polymerizing the monomer in situ on the fiber surfaces. The non-woven

@0 sheet is from 50 to 3000 microns thick, and is composed of polyolefin fibers having an average fiber diameter from 0.5 to 5 microns
and a surface area from 0.2 to 30 square meters per gram. The ethylenically unsaturated monomer is polymerizable to a thermoplastic
polymer which is hydrophilic as a consequence of containing COOH, OH, sulfonyl, sulfonic acid or carbonyl groups, or a monomer

~~ which has one of the following formulas: (I), (I), (III), (IV). In the foregoing formulas, R is an aliphatic or aromatic hydrocarbon
group having from 2 to 8 carbon atoms, R4 is hydrogen or methyl, n is an integer from 2 to 15, and X* is a cation selected from the
group consisting of hydrogen, NH,, alkaly metal cations, alkaline earth cations, cations of the transition metal Sc, Ti, V, Cr, Mn, Fe,
Co, Ni, Cu and Zn, and ammonium cations of the formula, RsRgR;RgN*, where each of Rs Rg, R; and Rg is hydrogen, alkyl, alkenyl,

a cycloalkyl or cycloaklkenylene, and not more than one is a bivalent group bonded to N* and by removing two hydrogens from an
alkane, an alkene, a cycloalkane or a cycloalkene; the total number of carbons in Rs Rg, R; and Rg does not exceed 21.
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This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. D Claim Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2, D Claim Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. l:l Claim Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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This International Searching Authority found multiple inventions in this international application, as follows:
Please See Continuation Sheet

As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite
payment of any additional fee.
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As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest l:l The additional search fees were accompanied by the applicant’s protest.

l_—_l No protest accompanied the payment of additional search fees.
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I, claim(s) 1-4 and 26, drawn to a method treating a polyolefin sheet to glow discharge plasma or to an electron beam, applying a
monomeric solution of vinyl monomer and employing multiple irradiation steps for grafting a vinyl monomer to a polyolefin.

Group 11, claim(s) 5-9 and 27-30, drawn to a nonwoven web comprising polyolefin fibers and sheath-core fibers and having polyolefin
surface made hydrophilic by exposure to plasma discharge in oxygen, nitrogen or argon.

Group III, claim(s) 10-20 and 22-25, drawn to a method of applying a hydrophilic coating to the polyolefin fibers of a non-woven sheet
and a battery separator or battery made by the method.

Group IV, claim(s) 21, drawn to a lead acid battery comprising a battery separator made by subjecting polyolefin fibers in a nonwoven
sheet to glow discharge to make the surfaces hydrophilic.

The inventions listed as Groups I-IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: With respect to Group I and Group III
inventions, graft polymerization of vinyl monomers, including sulfonates, onto a nonwoven sheet of polyolefin fibers does not make a
contribution over prior art, as shown by TANAKA E T AL in column 11 or by BAYASHIDA ET AL in column 11, lines 18-50.
Grafting by irradiating a polyolefin to provide grafting sites followed by irradiation the polyolefin in the presence of vinyl monomers
does not make a contribution over the prior art, as shown by MACHI ET AL in the Abstract. With respect to Group I and Group II and
IV inventions, exposure of a polyolefin sheet to plasma discharge to modify the surface properties does not make a contribution over the
prior art, as shown by YAMAMOTO ET AL in the Abstract. With respect to Group II, III and IV inventions, nonwoven sheets of
dividable polyolefin fibers grafted with vinyl monomers useful as separator material for batteries do not make a contribution over the
prior art, as shown by YAMAMOTO ET AL in the Abstract. That each method, separator and battery containing a separator comprises
a nonowoven sheet of polyolefin fibers having a hydrophilic surface is not considered to be an inventive concept since nonwoven sheets
of polyolefin fibers having a hydrophilic surface do no make a contribution over the prior art. See the citations above. Thus, the
inventions of Groups I-IV do not recite a single technical feature that provides a single general inventive concept under PCT Rule 13.1.
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