EP 1137 683 B1

) oo IIVREIAT A CRRATIA
(19) 0 European Patent Office

Office européen des brevets (1) EP 1137 683 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention - (51) Intci.”. CO8G 18/00, C0O8G 59/26,
of the grant of the patent: C08G 59/28, HO1B 3/30

17.08.2005 Bulletin 2005/33

21) Applicati ber: 99964227 5 (86) International application number:
(21) Application number: . PCT/US1999/029431

(22) Date of filing: 10.12.1999 (87) International publication number:

WO 2000/034351 (15.06.2000 Gazette 2000/24)

(54) POLYOXAZOLIDONE ADHESIVE RESIN COMPOSITION PREPARED FROM POLYEPOXIDES
AND POLYISOCYANATES

POLYOXAZOLIDON-KLEBSTOFFZUSAMMENSETZUNG HERGESTELLT AUS POLYEPOXIDEN
UND POLYISOCYANATEN

COMPOSITION DE RESINE POLYOXAZOLIDONE ADHESIVE PREPAREE A PARTIR DE
POLYEPOXIDES ET DE POLYISOCYANATES

(84) Designated Contracting States: (74) Representative: Casalonga, Axel et al
ATBECHCYDEDKESFIFRGBGRIEITLILU BUREAU D.A. CASALONGA - JOSSE
MC NL PT SE Paul-Heyse-Strasse 33

80336 Miinchen (DE)

(30) Priority: 11.12.1998 GB 9827367

(56) References cited: .

(43) Date of publication of application: EP-A- 0113575 EP-A- 0 296 450
04.10.2001 Bulletin 2001/40 WO-A-95/21879 US-A- 4 070 416

US-A- 5112 932

(73) Proprietor: DOW GLOBAL TECHNOLOGIES INC.

Midland, Michigan 48674 (US) e DATABASE WPI Section Ch, Week 199313
Derwent Publications Ltd., London, GB; Class
(72) Inventor: GAN, Joseph A21, AN 1993-104342 XP002134102 & JP 05
F-67100 Strasbourg (FR) 043657 A (ASAHI-CIBA KK), 23 February 1993

(1993-02-23)

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 137 683 B1
Description

[0001] Thisinvention relates to resin formulations which are useful as adhesives and in particularto resin formulations
useful for adhering metallic surfaces such as copper foil to resin laminates. More particularly, the invention relates to
resin formulations useful for making prepregs, resin coated copper foils, films and electrical laminates for rigid or flexible
printed wiring boards (PWB). Prepregs are resin-impregnated or resin-coated cloths or sheets, which have been sub-
jected to a preliminary cross-linking step (known as B-staging), usually prior to the lamination of a number of pre-pregs
to preduce a final laminate.

[0002] Thereis anincreasing tendency toward the miniaturization of integrated circuits in the electronic industry. The
industry has for some time been seeking to produce circuit boards which permit high density mounting, in order to
enable maximum miniaturization of the devices. In order to achieve higher and higher density, it is desirable that the
adhesion between the conductive metal tracks and the dielectric materials is improved, that the glass transition tem-
perature (Tg) of the dielectric material is increased, and that the dielectric constant of the dielectric constant should
be smaller.

[0003] The miniaturization of circuit boards requires the use of relatively recent design techniques, in which the
interconnections between logic devices are routed using so-called Build Up Multilayers (BUM). There are many different
technological approaches to achieving build-up multilayers.

[0004] One approach is as described in U.S. Patent No. 5,387,495 and involves a process in which, beginning with
a solidified layer of the dielectric disposed upon a substrate, alternate layers of conducting metal and dielectric are
sequentially deposited. Each layer of conducting metal tracks is defined using photoresist and a photolithographic
technique. After the tracks are deposited, the photoresist is removed and a second layer of photoresist is employed
to define the conductive posts which function as through holes between different layers. After each layer of conductive
tracks and posts is formed, and the photoresist is removed, the dielectric is flowed into place and solidified to insulate
adjacent metal tracks and posts. The process may be repeated as many times as necessary to build up layers of
conducting metal and dielectric, and form the completed multilayer wiring board.

[0005] Another approach, as described in JP 61118246 A2 and in JP 6118247 A2, includes the coating of copper
foil with thermosetting resin and then attaching the coated side to a prepreg or a core laminate by laminating under
heat and pressure. The conducting metal tracks are defined using a photoresist and a photolithographic technique.
After the tracks are deposited, the photoresist is removed and holes are made by laser or plasma drilling. The tracks
are further metalized, for example, by standard electroless copper-plating, or by electrolytic plating and etching. The
outer layer pattern is formed and the process may be repeated as many times as necessary to build up layers of
conducting metal and dielectric, and form the completed multilayer wiring board.

[0006] The laminate employed is generally fiberglass-reinforced brominated epoxy (known as Fire Retardant lami-
nate FR-4 grade having a Tg of 130°C to 135°C) deposited upon a dielectric carrier layer through the use of heat and
pressure upon lamination.

[0007] Copper foil surfaces or copper based alloy materials are frequently treated by various processes physically
or chemically to improve the peel strength of copper and copper based alloy materials on the laminate or dielectric
carrier layer by the use of heat and pressure upon lamination, for example, as described in U.S. Patent No. 5,071,520.
The treated copper foils are particularly needed for the high glass transition laminates in order to achieve sufficient
peel strength.

[0008] One method of improving the peel strength of copper foils involves coating the surface of the copper foil with
a thermosetting resin composition comprising a brominated epoxy resin grade, a cross-linker such as dicyandiamide
or a multi-functional phenolic hardener and a catalyst. The coated surface is frequently brittle and can crack easily
after B-staging, because the B-staged resin layer has a low molecular weight. It is also difficult to control the thickness
of the B-staged resin layer during the laminadon process because the melt viscosity of the B-staged material is too
low. If the degree of B-staging is raised in order to obtain higher melt viscosity, the processing window during the final
lamination becomes too small and as a consequence, there is insufficient time for the resin flow to fill up the gaps
between the metallic tracks.

[0008] To achieve consistent dielectric thickness control, the copper foil is usually coated first with a layer of material
which has been pre-cross-linked to a relatively high degree (a so-called C-staged resin layer) and followed by a second
layer of material with a lower degree of pre-cross-linking (the B-staged resin layer) in order that the resuiting resin
flows adequately and fills the circuit tracks. The use of the C-staged resin layer is effective to ensure the minimum
thickness of the dielectric layer between two adjacent layers of conducting metal tracks. However, the 2-layer coating
process is time consuming and costly.

[0010] It would be very desirable therefore to provide a coating system which would allow the coating of copper foil
with two layers, or if possible one layer of an adhesive coating in order to achieve one or more of the following:

a) Improved peel strength on the circuit boards after bonding.
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b) Improved formability and flexibility of the coated copper foils.

c) An improved processing window so that the coating adhesive has sufficient time to flow and fill the circuit tracks
whilst at the same time providing good control over the coating thickness.

d) A Tg > 135 °C for the cured adhesive so that it is at least equal to the Tg of the standard FR-4 laminates.

e) A dielectric constant of the cured adhesive which is lower than 3, in order to permit a high density of conductive
tracks.

[0011] Itis known to incorporate thermoplastic resins in resins used to coat the copper foil to increase the flexibility/
formability of the coated film and to reduce the waste resin flow-out and thereby provide better film thickness by in-
creasing the melt viscosity of the B-staged materials produced from the coated film. A high molecular weight polymer
used for this purpose is sold commercially by Phenoxy Associates (USA), under the Trademark PKHH. This material
is frequently used to reduce resin flow-out by increasing the mett viscosity of the B-staged materials without shortening
the gel time. However, when PKHH is used, the Tg of the resulting laminate is adversely affected because PKHH has
a Tg of around 90°C to 95°C. Also, PKHH contains a high level of polar hydroxyl groups which increases the dielectric
constant of the resin systems.

[0012] There are three types of end-products (conventionally referred to as polyoxazolidones) which can be obtained
in the condensation reaction of polyisocyanates with polyfunctional epoxides, namely isocyanate-terminated polyox-
azolidones, linear polyoxazolidones, and epoxy-teminated polyoxazolidones. These three possible end-products, and
various methods for their production, are described in U.S. Patent No. 5,112,932. Epoxy-teminated polyoxazolidones
are prepared by reacting an epoxy resin with a polyisocyanate compound using stoichiometric excess of epoxy resin
(isocyanate/epoxide ratio lower than 1).

[0013] U.S. Patent No. 4,070,416 describes a process for producing thermosetting resins by mixing one equivalent
or more of polyfunctional isocyanate per equivalent of a polyfunctional epoxide in the presence of a tertiary amine,
morpholine derivatives or imidazole as catalysts. The catalyst is used within a range of 0.1 to 2 weight percent, based
on the combined weight of the reactants. The reaction temperature of 130°C or lower is said to result in the formation
of mainly isocyanurate rings, whereas it is assumed that oxazolidone rings should be mainly formed at a temperature
above 130°C. The resins produced are said to exhibit excellent electrical and mechanical properties and high thermal
stability. The thermosetting resins described in U.S. Patent No. 4,070,416 are said to be useful in various resin appli-
cations such as, heat-resistant insulation vamishes, casting resins, impregnation resins, molding resins for electrical
parts, adhesives, resins for laminating boards, and resins for printed circuit boards.

[0014] EP A 0113575 discloses powder coating compositions comprising epoxy-terminated polyoxazolidone resins
prepared by reacting a diepoxide and a diisocyanate in amounts which provide a ratio of epoxide equivalents to iso-
cyanate equivalents of from 1.1:1 to 10:1, together with curing agents. The polyoxazolidone resins are said to have
comparatively high glass transition temperatures and provide coatings with improved resistance to cathodic disband-
ment. The coating composition are applied by fluidized bed sintering or electrostatic spray methods.

[0015] Self-thermosetting compositions of polyisocyanates and polyepoxides are described in US Patent No.
4,564,651 and U.S. Patent No. 4,631,306 which disclose a methodforthe preparation of reaction resin molded materials
and molded materials for insulating components, respectively. The self-thermosetting compositions contain oxazo-
lidone and isocyanurate rings and are prepared by mixing a polyepoxide and a polyisocyanate to form a resin mixture
having a viscosity up to 7000 mPa-s at 25°C, and a mole ratio of epoxy to isocyanate groups of 1:1t0 5:1. The materials
are prepared by reacting the resin mixture in the presence of an imidazole or tertiary amine catalyst at a temperature
of from 80°C to 130°C to form a cross-linked polymer, and heating the cross-linked polymer to 130°C to 200°C to
cause post-hardening and produce a molded material. The molded materials are reported to exhibit improved mechan-
ical properties.

[0016] U.S. Patent No. 3,334,110 discloses a method for preparing epoxy-terminated polyoxazolidones by reacting
a polyisocyanate with a polyepoxide in the presence of a catalyst mixture comprising an alcohol and tertiary amine or
a quaternary ammonium salt. The epoxy-terminated polyoxazolidones can be cured with epoxy curing catalysts or
reacted with epoxy hardeners to give a variety of products useful in the fields of coatings, laminating, bonding, molding,
and foams.

[0017] U.S. Patent No. 4,066,628 discloses a process for preparing polyoxazolidones by reacting an organic isocy-
anate with an epoxide in the presence of dialkyl zinc, zinc carboxylate, organozinc chelate compound or trialkyl alu-
minum as the catalyst. Polyoxazolidones prepared by this process are useful starting materials for the manufacture of
a wide variety of products including foams, coatings, adhesives, and elastomers.

[0018] EP B 0695316 and U.S. Patent No. 5.449.737 also disclose the preparation of oxazolidone-containing base
resins.
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[0019] British Patent Application No. GB 9817799.1, filed 14th September 1998, describes the use of high molecular
weight epoxy-terminated polyoxazolidone-containing compounds as viscosity modifying additives which are added in
relatively small amounts to other resin compositions, in particular to heat-curable thermosetting resins such as epoxy
resins, in order to improve the thermosetting resins' viscosity properties, while maintaining an adequate Tg in the final
cured resin.

[0020] Although numerous processes for the preparation of polyoxazolidones have heretofore been described, there
is no disclosure nor suggestion in the known art that epoxy-terminated polyoxazolidones (particularly high molecular
weight epoxy-terminated polyoxazolidones) would be useful, alone or in combination with other resins, as an adhesive
for metal foils, such as copper foils, to improve the peel strength of copper-clad laminates.

[0021] In afirst aspect of the present invention, there is provided the use as an adhesive for a metallic foil of a resin
composition not comprising a reinforcing web comprising from 1 to 100 weight percent of a thermoplastic oxazolidone
ring-containing compound having a molecular weight of at least 5000, which is the reaction product of:

a) from 20 to 43 weight percent, based on the polyepoxide and polyisocyanate reactants, of a polyisocyanate
having an isocyanate functionality of from 1.8 to 2.2; and

b) from 80 to 57 weight percent, based on the polyepoxide and polyisocyanate reactants, of a polyepoxide having
an epoxide-functionality of from 1.8 to 2.2; and optionaily

¢) a chain extender.

[0022] Inasecond aspect of the present invention, there is provided a method of adhering a metallic foil to a laminate,
which said method comprises employing as an adhesive a resin composition as defined above.

[0023] The resin composition may be used as an adhesive by coating it onto a metallic foil, for example, a copper
foll, in preparation for bonding the foil to a core laminate by heat and pressure. Accordingly, in a further aspect of the
invention, there is provided a metallic foil having an adhesive coating of a resin composition as defined above.
[0024] Alternatively, the resin composition may be used as an adhesive by forming it into a thin adhesive film, to be
used for bonding a metallic foil to a core laminate. Accordingly further aspects of the invention provide:

an adhesive film for use in bonding a metallic foil to a laminate, the film comprising a resin composition as defined
above.

[0025] The resins employed according to the present invention for coating foils are particularly useful for the "Build
Up Muitilayers" method, because in general the resins exhibit one or more of higher glass transition temperature, lower
dielectric constant, higher peel strength, better formability and better processing window properties than materials
proposed in the prior art. The high molecular weight epoxy-terminated polyoxazolidone-containing compounds can be
extruded as film to serve as the bonding layer between the copper foil and the core laminates.

[0026] The resin compositions useful for making resin coated foils, films and prepreg bonding sheets according to
the present invention may be a blend of the said high molecular weight epoxy resin containing oxazolidone rings with:
from O to 99 weight percent of a thermosetting resin; from 0 to 99 weight percent of a thermoplastic resin; or from 0 to
99 weight percent of a mixture of a thermosetting resin and a thermoplastic resin.

[0027] The thermosetting resin may be, for example, a brominated epoxy resins such as those sold by The Dow
Chemical Company under the Trademark D.E.R. 542, D.E.R. 592A80, D.E.R. 560 or D.E.R. 538A80.

[0028] The themmoplastic resin may be, for example, a phenoxy resin such as PKHH, brominated polystyrene, poly
dibromophenylene oxide or polyphenylene oxide or a polyester.

[0029] Other inorganic fillers and additives can be included in the compositions to achieve the desired properties.
[0030] The polyepoxide compound useful in the preparation of the coating resin is preferably a compound which
possesses an average of from 1.8 t0 2.2, 1,2-epoxy groups per molecule. In general, the polyepoxide compound is a
saturated or unsaturated aliphatic, cycloaliphatic, aromatic or heterocyclic compound which possesses more than one
1,2-epoxy group. The polyepoxide compound can be substituted with one or more substituents which are nonreactive
with the isocyanate groups such as lower alkyls and halogens. Such polyepoxide compounds are well known in the
art. lllustrative polyepoxide compounds useful in the practice of the present invention are described in the Handbook
of Epoxy Resins by H. E. Lee and K. Neville published in 1967 by McGraw HIll, New York, and U.S. Patent No.
4,066,628.

[0031] Examples of suitable aromatic polyepoxides are those derived from bisphenol-A, bisphenol-F, bisphenol-AD,
bisphenol-S, tetramethylbisphenol-A, tetramethylbisphenol-F, tetramethylbisphenol-AD, tetramethylbisphenol-S, tetra-
bromobisphenol-A, tetrachlorobisphenol-A, biphenois such as 4,4'-biphenol or 3,3',5,5'-tetramethyl-4,4'-biphenol, and
dihydroxynaphthalene.
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[0032] Examples of suitable aliphatic polyepoxides are diglycidyl esters of hexahydrophthalic acid and diglycidyl
esters of dicarboxylic acids, epoxidized polybutadiene, epoxidized soybean oil, and epoxidized diols such as D.E.R.
736 and D.E.R. 732 available from The Dow Chemical Company.

[0033] Cycloaliphatic epoxides include, for example, 3,4-epoxy-8-methylcyclohexyl carboxylate and 3,4-epoxycy-
clohexyl carboxylate. ’

[0034] Preferred polyepoxides are glycidyl compounds of bisphenol-A, of bisphenol-F, of tetrabromobisphenol-A and
of 3,3',5,5'-tetramethyl-4,4-biphenol. Mixtures of any two or more polyepoxides can also be used in the practice of the
present invention. .

[0035] The polyisocyanate compound useful in the practice of the present invention may be represented by the
following general formula:

(0=C=NjzR

wherein R is substituted or unsubstituted aliphatic, aromatic or heterocyclic polyvalent group and m has an average
value of from 1.8 to 2.2. Examples of suitable polyisocyanates are the difunctional isocyanates disclosed in WO A
9521879. Preferred examples are 2,4'-methylene bis(phenylisocyanate) and 4,4'-methylene bis(phenylisocyanate)
(MDI) and isomers thereof, higher functional homologs of MDI (commonly designated as "polymeric MDI"), toluene
diisocyanate (TDI) such as 2,4-toluene diisocyanate and 2,6-toluene diisocyanate, m-xylylene diisocyanate, hexame-
thylene diisocyanate (HMDI) and isophorone diisocyanate. Particularly preferred polyisocyanates are 2,4'-methylene
bis(phenylisocyanate) and 4,4'-methylene bis(phenylisocyanate). Mixtures of any two or more polyisocyanates can
also be used.

[0038] A suitable catalyst may be employed to facilitate reaction of the polyepoxide compound with the polyisocy-
anate compound. Examples of suitable catalysts include zinc carboxylate, organozinc chelate compound, trialkyl alu-
minum, quaternary phosphonium and ammonium salts, tertiary amines and imidazole compounds. The preferred cat-
alysts are imidazole compounds and azo compounds. Particularly, preferred catalysts are 2-phenylimidazole, 2-meth-
ylimidazole, 1-methylimidazole, 2-methylimidazole, 4,4'-methylene-bis(methylimidazole), 1,5-diazabicyclo[4.3.0]non-
5-en, 1,4-diazabicyclo[2.2.2]octane and 1,8-diazabicyclo[5.4.0Jundec-7-en.

[0037] The catalyst is generally employed in an amount of from 0.01 to 2; preferably 0.02 to 1, most preferably 0.02
to 0.5, weight percent based on the combined weight of the polyepoxide compound and polyisocyanate compound
used.

[0038] The polyisocyanate compound is generally employed in an amount of from 15 to 43, preferably 20 to 43, more
preferably 20 to 40, most preferably 25 to 35, weight percent, based on the polyepoxide and polyisocyanate reactants.
[0039] The polyepoxide compound is generally employed in an amount of from 85 to 57, preferably 80 to 57, more
preferably 80 to 60, most preferably 75 to 65, weight percent, based on the polyepoxide and polyisocyanate reactants.
[0040] The reaction of the polyepoxide with the polyisocyanate is usually conducted at a temperature of from 100°C
to 240°C, preferably from 120°C to 230°C, more preferably from 130°C to 220°C, most preferably from 140°C to 210°C.
[0041] The polyoxazolidone-containing resins can be produced via either a batch reactor or an extruder. The extru-
sion products exhibit lower polydispersity and higher molecular weight as compared with the batch reactor-produced
materials. In particular, if it is desired to make a film, the extruder method is preferable. The residence time in an
extruder depends on the temperature of the extrusion, the size of the extruder and the catalyst levels.

[0042] In the production of oxazolidone ring-containing resins via a batch reactor, the catalyst is usually added to
the reaction vessel containing the polyepoxide prior to the start of the addition of polyisocyanate compound. The catalyst
can be dissolved in a suitable solvent prior to the addition of the catalyst to the polyepoxide to improve homogenization
if desired. The temperature at which the catalyst is added is notcritical. In general, the catalyst is added at a temperature
lower than the reaction temperature. The temperature is then raised and the reaction temperature maintained while
the controlled addition of the polyisocyanate to the mixture of the catalyst and the polyepoxide is started. The polyiso-
cyanate addition time will depend on the physical characteristics of the reactor, for example, stirrer size, and heat
transfer characteristics, but usually, the polyisocyanate is added to the reaction vessel within a period of time of from
3 to 300, preferably 5 to 240, more preferably 10 to 180, most preferably 20 to 150 minutes, while maintaining the
reaction temperature. The reaction temperature is maintained after the complete addition of the polyisocyanate for a
period of time of from 5 to 180, preferably 15 to 120, most preferably 30 to 90 minutes.

[0043] In general, the reaction of the polyepoxide compound and the polyisocyanate compound is preferably con-
ducted neat, that is, in the absence of a solvent or other liquid reaction diluent, although the reaction may be carried
out in the presence of a polar solvent such as dimethylforamide (DMF), N-methylpyrrolidone (NMP) and dimethylsul-
foxide (DMSO).

[0044] The optional chain extender employed in the production of the polyoxazolidone compound is one which is
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able to increase the molecular weight of the polyoxazolidone compound. Preferred chain extenders are dihydric phe-
nols, halogenated dihydric phenols, dicarboxylic acids, diamines, aminoamides and alkanolamines.
[0045] Suitable dicarboxylic acid chain extenders are compounds of the formula

R-(COOH),

wherein R is a C4 - C4, hydrocarbyl moiety optionally containing oxygen along the backbone, and u is from 1.8 10 2.2.
Examples are succinic acid, glutaric acid, adipic acid, phthalic acid, hexahydrophthalic acid, maleic acid, citraconic
acid, itaconic acid, dodecenylsuccinic acid and alkylated endoalkylenetetrahydrophthalic acid, and half esters obtained
from the reaction of a polyol with an acid anhydride.

[0048] The term "hydrocarbyl" as employed herein means any aliphatic, cycloaliphatic, aromatic, aryl-substituted
aliphatic or cycloaliphatic, or aliphatic or cycloaliphatic-substituted aromatic groups.

[0047] Other suitable chain extenders useful in the practice of the present invention are diamines and aminoamides,
that is, amine- or aminoamide-containing compounds having two N-H bonds capable of reacting with an epoxy group.
Such compounds useful in the present invention include, for example, di-secondary amines of the genera! formula
R-NH-R"-NH-R"wherein R, R' and R" are alkyl, cycloalkyl or aryl moieties; and heterocydic di-secondary amines where-
in one or both of the N atom is part of a nitrogen-containing heterocyclic compound such as:

. R' E
— %~

HN~ R—NH—R" ; HN™ R—R"-R NH ; HN NH
— ——r s \R,)

[0048] For reactivity reasons, and in order to control the epoxy advancement reaction with the difunctional amines
more effectively, di-secondary amines or primary amines having sterically hindered amine groups are preferred as for
example 2,6-dimethylcyclohexylamine or 2,6-xylidene (1-amino-2,6-dimethylbenzene).

[0049] Amino amide-containing compounds useful as chain extenders in the present invention include for example
derivatives of carboxylic acids and carboxylic acid amides as well as derivatives of sulfonic acid amides, having addi-
tionally one primary or two secondary amino groups. Preferred examples of such compounds are amino-aryl carboxylic
acid amides and amino-arylsulfonamides. A preferred compound of this group is, for example, sulfanilamide (4-ami-
nobenzylsulfonic acid amide).

" [0050] Other suitable examples are piperazine and substituted piperazine such as 2-methyl piperazine, monoeth-

anolamine, and piperidin-4-carbonic acid.

[0051] The chain extender is particularly preferably a phenolic compound, containing on average more than 1 and
less than 3, preferably from 1.8 to 2.2 and more preferably about 2 active hydrogen (for example, phenolic hydroxyl)
groups per molecule.

[0052] The most preferred chain extenders are dihydroxy phenols. Non-limitative examples of the phenol compounds
are 2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane; 2,2-bis(4-hydroxyphenyl)propane; 2,2-bis(3,5-dichloro-4-hydroxy-
phenyl)propane; bis(4-hydroxyphenyl)methane; 1,1-bis(4-hydroxyphenyl)-1-phenyl ethane; 1,1'-bis(2,6-dibromo-
3,5-dimethyl-4-hydroxyphenyl)propane; bis(4-hydroxyphenyl) sulfone; bis(4-hydroxyphenyl) sulfide; resorcinol, hydro-
quinone, tetramethylbisphenol-A, tetramethylbisphenol-AD and tetramethylbisphenol-S. Preferred dihydroxyphenolic
compounds are 2,2-bis(4-hydroxyphenol)propane (bisphenol-A), and 2,2-bis(4-hydroxy-3,5-dibromophenyl)propane.
[0053] When the phenolic chain extender is non-halogenated, its molecular weight is preferably at least 110 and
more preferably at least 185. The molecular weight is preferably no more than 800, more preferably no more than 500,
and most preferably no more than 250. For halogenated phenolic chain extenders, the formula weight of non-halogen
atoms in the chain extender preferably meets the foregoing preferred limitations, and the total molecular weight is
preferably within the preferred embodiments plus the formula weight of the halogen.

[0054] The quantity of chain extender employed in the production of the adhesive resin material is preferably such
that the equivalent ratio of epoxy compourd to chain extender is from 1.5 to 0.85, preferably from 1.3 to 0.9, more
preferably from 1.2 tc 0.95. :

[0055] The polyoxazolidone compounds are used in accordance with the present invention as an adhesive to improve
the peel strength of a metallic layer, in particular of copper and copper-based alloy materials onto a core laminate, for
example, onto a glass fiber-reinforced epoxy or the dielectric carrier layer through the use of heat and pressure upon
lamination, and to improve the viscosity characteristics of curable thermosetting resin foermulations such as epoxy
resins, in particular in the manufacture of prepregs and laminates, in particular electrical laminates. The compositions
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may also be used in encapsulation, coating and structural composite applications.

[0056] The thermosetting resin into which the oxazolidone-containing resins is incorporated is preferably an epoxy
resin, more preferably a diglycidyl ether of bisphenol-A or a diglycidy! ether of a halogenated bisphenol-A. Other useful
low-viscosity epoxy resins are glycidy! ether derivatives of 1,1,1-tris-(hydroxyphenyl)-alkanes and halogenated varia-
tionsthereof. Examples of suitable epoxy resins and processes to make them are also describedin H. Lee & K. Neville,
Handbook of Epoxy Resins at 2-1 to 3-20 (McGraw-Hill Book Co. 1967).

[0057] The epoxy resin is generally an epoxy-terminated resin having a molecular weight of from 200 to 3000, and
may incorporate flame-retardant groups, for example, halogen (for example, bromine or chlorine) or phosphorous, in
the resin. ’

[0058] In particular, the epoxy resin may be, for example, a resin derived from the reaction of a polyepoxide with a
polyisocyanate, and having an molecular weight of from 200 to 3000 (for example, as described in U.S. Patent No.
5,112,932). :

[0059] The formulation may comprise a low viscosity resin and low solvent content, as described in WO A 8612751.
[0060] The formulation may furthermore comprise styrene maleic acid anhydride copolymer as hardener, in order to
provide low dielectric constant properties, as disclosed in PCT/US98/01041.

[0061] The formulation may also comprise a boran-containing compound, for example boric acid or a boron oxide,
as a cure inhibitor, as disclosed in GB A 0458502.

[0062] The heat-curable thermosetting resin preferably further contains a hardener (otherwise known as a "curing
agent"). Suitable hardeners are multifunctional cross-linkers. Such multifunctional cross-linkers are described in nu-
merous references, such as, Vol. 6, Encyclopedia of Poly. Sci. & Eng., "Epoxy Resins," at 348-56 (J. Wiley & Sons 1986).
[0063] Multifunctional cross-linkers (as opposed to catalysts and chain extenders) preferably contain on average
more than two active hydrogen moieties per molecule. For instance, the cross-linker preferably contains a plurality of
secondary amine groups, one or more primary amine groups, more than 2 phenolic hydroxyl groups, a plurality of
primary amide groups or more than two carboxylic acid groups.

[0064] Examples of suitable multifunctional cross-linkers known to be useful as hardeners for epoxy resins, include
polyamines, polyamides, polyanhydrides, polyphenols and polyacids that contain more than two reactive sites per
molecule on average. Preferred examples of multifunctional cross-linkers include dicyandiamide and polyphenols such
as novolacs. Examples of other multifunctional cross-linkers which can be used include polyanhydrides as disclosed,
for example, in WO A 9411415 (published 26 May, 1994).

{0065] The quantity of multifunctional cross-linker is preferably from 0.1 to 200 parts by weight, per hundred parts
by weight of the resin composition. When the multifunctional cross-linker is dicyandiamide, the formulation preferably
contains from 0.5 to 8 parts by weight of dicyandiamide per hundred parts of the resin composition. The polyanhydrides
are preferably used in an amount of from 2 to 200 parts, per hundred parts of the resin composition.

[0066] The epoxy resin composition according to the present invention may optionally contain other additives of a
generally conventional type, such as stabilizers, flame retardants, organic or inorganic fillers, pigments, wetling agents
and flexibilizers such as polybutadiene and polystyrene-butadiene co-polymer. Examples of suitable additives are de-
scribed in U.S. Patent No. 5,066,735 and in C.A. Epoxy Resins-Second Ed. at 506-512 (Mercel Dekker, Inc., 1988).
Particular examples of additives are methyl-toluene-4-sulfonate, aluminum oxides, phosphonic acid ester (such as
Amgard P45 supplied by Albright and Wilson Ltd. United Kingdom), and talc.

[0067] A typical epoxy resin in accordance with the present invention is as follows:

PERCENT BY WEIGHT
Solvent 0-70
Pigment 0-10
Filler 0-20
Stabilizer 0.01-2
Hardener 0.1-60
Catalyst 0.01-5
Chain extender 0-50
Oxazolidone-containing resin 1-99
Epoxy resin 20-99

[0068] The formulations previously described may be used to coat the copper foil, make films, bonding sheets and
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electrical laminates.
[0069] Preferred embodiments of the invention are illustrated in the following specific Examples. In the Examples,

referencesto "D.E.R." resins referto resins produced by The Dow Chemical Company under the respective designation.

Preparation 1 - General production procedure for oxazolidone ring-containing polyepoxy/polyisocyanate copolymer:

[0070] An epoxy resin (D.E.R. 330) was heated to 100°C under nitrogen purge in a 1-liter flange-top glass reactor
equipped with an electrically driven mechanical stirrer, air and nitrogen inlets, sample port, condenser and thermocou-
ple.

[0071] 1500 ppm based on the “total solids" (that is, epoxy plus isocyanate) of a reaction catalyst (1,8-diazabicyclo
(5.4.0)undec-7-en, a commercial product obtainable from Anchor under the Trademark AMICURE DBU-E) was added
and the mixture was heated to 150°C (for MDI) or 180°C (for TDI).

[0072] Anisocyanate (as described in Table 1) was charged into the epoxy resin via an additional tunnel portion-wise
within a period of 5 minutes to 240 minutes.

[0073] The heat of reaction caused the reaction temperature to rise to at least 190°C to 210°C. The reaction tem-
perature was maintained between 200°C and 205°C until all the isocyanate was added. After addition was complete,
the reaction mixture was kept at 200°C for 5 minutes to 80 minutes until the theoretical epoxy equivalent weight (EEW)
was reached. The solid resin was diluted with DMF to 50 to 55 weight percent solid solution and cooled to room
temperature.

Preparation 2 - General production procedure for an oxazolidone ring-containing resin incorporating a chain extender:

[0074] Epoxy/isocyanate copolymers produced in accordance with "Preparation 1" above were introduced as a
charge into a 1-liter flange-top glass reactor equipped with an electrically driven mechanical stirrer, air and nitrogen
inlets, sample port, condenser and thermocouple.

[0075] A chain extender (tetrabromobisphenol-A, bisphenol-A, or monoethanolamine) was added to the epoxy/iso-
cyanate copolymer solution and additional solvent was added to make a 35 weight percent solid solution.

[0076] When a bisphenol chain extender was used, an additional advancement catalyst (triphenylethyl phosphonium
acetate) was added to the solution. The reaction mixture was heated to 120°Cto 135°C. The temperature of the reaction
mixture was maintained in this range over a period of 2 hours to 24 hours until the epoxy content of the product was
lower than 1 percent

[0077] When an amine chain extender was used, the reaction temperature was between 60°C to 100°C and no
additional catalyst was needed.

[0078] The reaction mixture was cooled to room temperature, and additional solvent was added to adjust the solid
content to 30 or 40 weight percent.

Examples 1t0 6

[0079] Polyoxazolidone compositions were prepared, using the general method "Preparation 1" outlined above, and
the ingredients and amounts set out in Table I.

[0080] The following analytical methods are used for various measurements in the Examples.

[0081] The standard wet titration method was used to determine Epoxy Equivalent Weight (EEW).

[0082] Reactivity of the resins was measured according to the following method: the resin solution was blended with
catalyst and hardened in amounts as shown in Table ill and Table IX. The mixture was then reacted on the surface of
a hot plate, and reactivity was reported as elapsed time required for gelation.

[0083] The glass transition temperature (Tg) of the resin was measured by differential scanning calorimetry (DSC)
at 10°C/minute, from 0°C to 150°C.

[0084] The meltviscosity was measured accordingto the ASTM D445 method using an [Clcone and plate viscometer.
[0085] Weight average molecular weight (Mw) was measured by gas phase chromatography (GPC) using DMF as
solvent.

[0086] Physical properties of the compositions are also shown In Table .
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[0087] Examples 1 to 5 each have a Tg of at least 86, which is generally comparable with that of PKHH.

[0088]-

Each of Examples 1 to 5 have a hydroxyl content which is, for practical purposes, 0. Comparative Example

1 is intended to illustrate the type of product obtained following the method disclosed in Example 6 of EP B 0695316,
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which uses TD}, in an amount of 18.7 percent, based on the total amount of TDI/epoxy resin (this being the highest
amount of TDI suggested in the reference). It can be seen that the molecular weight of the resulting product is less
than 5,000, and the melt viscosity and Tg values of the product are low. By compatrison, Example 5 employs a larger
amount of isocyanate (TDI) which results in a material having a higher molecular weight, and consequently a higher Tg.

Examples6to 8

[0089] Advanced polyoxazolidone compositions were prepared, by reacting the polyoxazolidone compositions pre-
pared in Examples 1, 3 and 4 with various chain extenders, namely bisphenol-A, or TBBA (tetrabromoblspheno!-A),
using the general method "Preparation 2" outlined above, and the ingredients and amounts set out in Table II. Physical
properties of the compositions are also shown in Table Il

[0090] The Tg of the resulting materials are all higher than that of PKHH.

Table Il

COMPOSITION (part by weight) Example 6 | Example 7 | Example 8

Resin of Example 1 29.2

Resin of Example 3 29.2

Resin of Example 4 26.09
| TBBA 10.8 10.8

Bisphenol-A 3.9

DMF 60 60 70

Triphenylethylacetate 0.04 0.03 0.08

RESIN CHARACTERISTICS

% epoxy (on solid) 0.67 0.70 0.65

Tg (°C) 130 137 131

Hydroxyl content (Equiv/100 g solids) 0.10 0.10 0.1

Examples 9-14 and Comparative Examples 3-6

Fommulation examples showing copper peel strength measurement

[0091] The resin formulation of Example 7 (hereinafter designated "Coating Composition D" or "Example 9"), a PKHH
solution (30 weight percent in DMF, hereinafter designated "Coating Composition Reference 1" or "Comparative Ex-
ample 3"), a mixture of the resin formulation of Example 7 and PKHH solution (50/50 weight percent based on solid,
hereinafter designated "Coating Composition E* or "Example 13") and four other resin formulations containing the
material produced in Example 2 (as shown in Table Ill) were coated onto standard copper foils having a thickness of
35 um. The copper foils are available under the Tradename "NT-TW", were obtained from Circuit Foils, Luxembourg.

Table {ll

Example 9 | Example 10 | Example 11 | Example 14 | Comparative Example 4
COATING COMPOSITION A B c F Reference 2
(parts by weight)
Resins of Example 2 38 39 48.35 50
D.E.R. 537EK80 100
Monoethanolamine ' 1.65
TBBA 12
D.E.R. 560 21

10
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Table Il (continued)

_ Example 9 | Example 10 | Example 11 | Example 14 | Comparative Example 4
COATING COMPOSITION A B C F Reference 2
(parts by weight)
DMF (weight percent) 50 40 50 50
Dlcyandiamide 1.32 0.75 24
2-Ml (weight percent) 0.04 0.06 0.04 0.08
FORMULATION
CHARACTERISTICS
Geltime at 170°C (seconds) 177 307 149 289 214
Tg (°C) 149 149 134 155 135

[0092] A coater was used to produce a thin film from each of the aforementioned resin formulations on the standard
copper foll laid on a flat metal plate. The copper foil was partially dried in a hot air oven at 180°C for 3 minutes, and
then left in a vacuum oven at 35°C for 60 minutes to completely dry the residual solvent. The thickness of the film
varied from 30 to 70 um.
[0093] The resin coated copper foils were laminated to prepregs by applying heat and pressure under standard
conditions. The copper peel strength of the different coating formulations was evaluated, and the results are summa-
rized in Table IV ("dicy" refers to dicyandiamide).
[0094] As comparative examples, the peel strength of standard un-coated copper foil “NT-TW" (Reference 4) and a
commercially available treated copper foil "NTTWS" (Reference 3) having a 35 um thickness grade, obtained from
Circuit Foils were measured. The peel strength of the foils was measured by IPC method TM-650 Number 2.4.8C.

Table IV
Example No. Coated Resin type Film thickness, um Anhydride cured Dicyandiamide
system || cured system |
(Tg=175/185°C) (Tg=149/147 °C)
Copper peel Copper peel
strength, N/em strength, N/em
Example 9 Coating Composition 58.5 217 221
A: Epoxy-MDI of
Example 2/TBBA/
2-MI
Example 10 Coating Composition 70.1 18.0 21.0
B: Epoxy-MDI of
Example 2/D.E.R.
560/dicy/2-M|
Example 11 Coating Composition 48 18.1 -
C: Epoxy-MDI of
Example 2
/Monoethanolamine
Example 12 Coating Composition 39 224 22.6
D: Epoxy-MDI/TBBA
Example 7
Example 13 Coating Composition 453 226 21.5
E: Example 7 + PKHH
(50/50 weight
percent)
Comparative Coating Composition 36 249 27.7
Example 3 Reference 1: PKHH

11
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Table IV (continued)

Example No. Coated Resin type Film thickness, um Anhydride cured Dicyandiamide
system |l cured system |
(Tg=175/185°C) (Tg=149/147 °C)
Copper peel Copper peel
strength, N/em strength, N/cm
Comparative Coating Composition 62.1 16.7 20.2
Example 4 Reference 2: D.E.R. '
537/dicy/2-MI
Comparative Reference 3: Treated not determined 14.9 203
Example 5 copper foil, NTWS,
Comparative Reference 4: Non- 0 12.3 18.4
Example 8 coated standard foil,
NTW
[0095] Table IV shows that it is possible to increase the copper foil adhesion by precoating the copper foil with the

specified high Mw resins. High Tg laminates usually exhibit lower copper peel strength because of higher cross-linking
density at the laminate/copper foil interface which reduces the adhesion of the copper foil to the core laminates. The
precoating of the copper foils increases the adhesion of the high Tg laminate systems considerably (compare, for
example, System Il having Tg = 175/185°C with System | having Tg = 149/147°C for a comparable or improved Tg).
[0096] Although the copper peel strength measured for Coating Composition Reference 1 (PKHH) is higher than
that of other coating systems, the Tg of PKHH is only 95°C and it has a high level of hydroxyl group (approximately
0.33 equivalent/100 gm of solid resin) on the chemical backbone. it thus has higher polarity and higher dielectric con-
stant.

[0097] Varnish compositions designated as Formulation | (dicy cured system) and Formulation |l (styrene-maleic
acid anhydride cured system) were used to make prepregs for copper peel strength measurements as follows:

Formulations | (dicy cured system)

[0098] Epoxy resin varnish compositions were prepared using the viscosity modifiers prepared according to Example
2 and the ingredients and amounts set out in Table V. The various components were mixed at room temperature, using
a mechanical stirrer. Physical propetrties of the compositions are also shown in Table Il.

[0099] "Epoxy Resin B" is a reaction product of a commercially available liquid epoxy resin having an EEW of 180
(D.E.R. 383), tetabromobisphenol-A (TBBA), a commercially available brominated epoxy resin having an EEW of 441
(D.E.R. 560), and a catalyst (triphenylethyl phosphonium acetate) mixed in the following proportions (parts by weight):

D.E.R.™ 383 51.60

TBBA 22.00

D.E.R.™ 560 6.40

catalyst (based on solid) 500 ppm

EEW = 363

Glycol ether (DOWANOL PM, Trademark of The Dow Chemical Company)
10.00

Acetone 8.80

Boric acid solution 1.20

(20 weight percent in methanol)

TOTAL 100.00

[0100] Stroke cure reactivity at 170°C was measured by stroking the formulation onto a hot plate at 170°C, and
measuring the time taken for the composition to gel.

12
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Table V
Weight ratio of components (based on solids) for Formulation |
EPOXY RESIN FORMULATION Formulation I*

Epoxy Resin B ’ 100.00
Dicyandiamide [10% solid in DOWANOL PM™/DMF] . 3.00
(TPE) (SD-357B) Solution. [50% in MEK] (from Borden Chemicals) 0.80
Glycidyl ether of TPE (EPON 1031 ™) [69.7% Solid in Acetone] 2.00
Material of Example 2 (50% solid in DMF) 3.00
2-Phenylimidazole (20% solid in methanol) 0.47
TOTAL (on a solids basis) 109.27
MEK solvent to make up 60.0% solids '

Stroke Cure Reactivity at 170°C (seconds) 277 -281

*Components of Formulation | are given on a solids basis.

Formulation |l (styrene-maleic anhydride copolymer as curing agent (hardener).

[0101] Compositions were prepared using styrene/maleic anhydride copolymer as an epoxy hardener. The different
components are summarized in the following Table VI.
[0102] "Epoxy Resin C" has the following composition (parts by weight):

D.ER™ 330 | 19.452
D.ER™ 560 | 25.352
TBBA 11.196
TOTAL | 56.000

[0103] To prepare Epoxy Resin C, the 3 components listed above were blended at 130°C for 1 hour, and the solids
were dissolved in DOWANOL™ PMA to give a solution containing 85 percent solids.

[0104] The styrene/maleic anhydride copolymer was SMA 3000, available from ELF ATOCHEM.

[0105] The catalysVinhibitor was a mixture of 2-ethyl,4-methyl imidazole and boric acid, in a weight ratio of 5:4 (20
percent solids in methanol).

Table VI
Weight Ratio of Components (based on solids)
Components Formulation 11

SMA 3000 (F)™ (50% solid in DMF) 44.000
Epoxy Resin C (85% solid in DOWANOL™ PMA) 56.000
Catalyst/inhibitor 0.090
MEK solvent to make up solution containing 60.0% solids

TOTAL 100.090
Stroke Cure Reactivity at 170°C seconds - Day 1 184 - 188
Stroke Cure Reactivity at 170°C seconds - Day 2 170 -174
Stroke Cure Reactivity at 170°C seconds - Day 3 162 - 166

Preparation of Prepregs

[0106] Prepregs were prepared from Formulations | and il by dipping, using a glass cloth substrate (Type 7628 from
Porcher Textile, Badinieres, Fr-38300 Bourgoin-Jallieu France, or Interglas Textil GmbH, Ulm/Donau, Germany). The

13
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impregnated substrates were passed through a CARATSCH™ pilot treater (built by Caratsch AG, Bremgarten, Swit-
zerland) having a 3-meter horizontal oven, at an air temperature of approximately 179°C for Formulation | and approx-
imately 163°C for Formulation |l, and a winding speed of from 1.3 m/minute for Formulation | and 1.05 m/minute for
Formulation I1.

[0107] The resin content of each prepreg was measured using 10 cm by 10 cm square sheets of glass cloth before
and after prepreg production, according to Method IPC-L-109B, IPC-TM-650:2.3.16 (available from the Institute for
Interconnecting and Packaging Electronic Circuits, Lincolnwood, lllincis, USA.) The results are shown in Tables VII
and VIII.

Table VII -
Formulation |
Set Temperature (°C) 183
Air Temperature (°C) 179
Gap 54
Winding Speed (m/minute) 1.3
Resin content (weight percent) 46.1
Gel-time (seconds) 114
MIL Flow (%) 25.0
Minimum Viscosity @ 140°C (Pa-s) | 51.84

Table VIlI-
Formulation I
Oil (°C) 241
Set Temperature (°C) 175
Air Temperature (°C) 163
Gap 49
Winding Speed (m/minute) 1.05
Resin content (weight percent) 46.8
Gel-time (seconds) 30
MIL Flow (%) 254

Preparation of Laminates

[0108] Eight sheets of each prepreg were laid-up in alternating layers with sheets of copper foil, according to the
following press cycle. The laid-up prepregs were cured according to the following temperature and profile:

Formulation 1 Press Cycle:

Start Temperature 40°C

Plateau Temperature 180°C

Heat-up Ramp Duration 70 minutes

Plateau Time 40 minutes

Cooling to Room Temperature Time | 50 minutes

Vacuum duration 30 min

Low Pressure 40°C to 110°C
(25 KN /900 cm?)

14
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(continued)

Formulation 1 Press Cycle:

High Pressure 110°C-end of
cycle
(40KN/900 cm?)

Formulation Il Press Cycle:

Start Temperature 40°C

Plateau Temperature 200°C

Heat up Ramp Rate 3°C/minutes
Plateau Time 90 minutes
Cooling to Room Termperature Time | 50 minutes
Vacuum Duration 30 minutes
Pressure 120 KN/900 cm?

[0109] The following tests were performed on each cured laminate:

(a) N-methylpyrrolidone (NMP) pick-up was measured by weighing a & cm by 5 cm sheet of laminate, immersing
it in NMP at 23°C for 30 minutes, and then re-weighing. The results are expressed as a percent gain.

(b) Laminate glass-transition temperature was measured using a differential scanning calorimeter (DSC), scanning
from 50°C to 220°C at 10°C per minute. The results are expressed in °C. The same laminate sample was run
twice, to obtain Tg 1 and Tg Il

(c) Water resistance was measured by putting the laminates in a pressure cooker for 120 minutes according to
Method {PC-A-600, IPC-MI-660 and IPC-TM-650:2.6.16. All of the laminates passed the pressure cooker test.
Water pick-up was measured.

Laminate System |

Laminate Properties

Tg V1t (°C) (fresh prepreg) 149/147
Water pick-up (weight percent) 0.49
NMP pick-up (weight percent) 0.11

Laminate System ||

Laminate Properties

Tg 1l (°C) (fresh prepreg) 178/185
Water pick-up (weight percent) 0.19
Standard Copper (NT-TW) peel Strength (N/cm) 12,5
Treated Copper (NTTWS) peel strength, (N/cm) 15.7

Claims

1. A coated metallic foil constituted by a metallic foil having an adhesive coating consisting of a resin composition
not comprising a reinforcing web coated on the surface of said metallic foil; said resin composition comprising from
1 to 100 weight percent of a thermoplastic oxazolidone ring-containing compound having a molecular weight of at
least 5000, which is the reaction product of:

a) from 20 to 43 weight percent, based on the polyepoxide and polyisocyanate reactants, of a polyisocyanate
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having an isocyanate-functionality of from 1.8 to 2.2, and

b) from 80 to 57 weight percent, based on the polyepoxide and polyisocyanate reactants, of a polyepoxide
having an epoxide functionality of from 1.8 to 2.2, and optionally,

c) a chain extender.

2. The metallic foil as claimed in Claim 1, wherein the polyepoxide used for the preparation of the adhesive resin is:

i) an aromatic polyepoxide, selected from those derived from bisphenol-A, bisphenol-F, bisphenol-AD, bisphe-
nol-S, tetramethyl bisphenol-A, tetramethyl| bisphenol-F, tetramethyl bisphenol-AD, tetramethyl bisphenol-S,
tetrabromobisphenol-A, tetrachlorobisphenol-A, 4,4'-biphenol, 3,3',5,5'-tetramethyl-4,4"-biphenol, and dihy-
droxynaphthalene;

ii) an aﬂiphatic polyepoxide selected from a diglycidyl ester of hexahydrophthalic acid, a diglycidyl ester of a
dicarboxylic acid, an epoxidized polybutadiene, an epoxidized soybean oil, and an epoxidized diol;

iii) a cycloaliphatic epoxide, selected from 3,4-epoxy-6-methylcyclohexyl carboxylate and 3,4-epoxycyclohexyl
carboxylate; or

iv) a mixture of two or more thereof.

The metallic foil as claimed in Claim 2, wherein the polyepoxide used for the preparation of the adhesive resin is
a glycidyl compound of bisphenol-A, a glycidyl compound of bisphenol-F, a glycidyl compound of tetrabromobi-
sphenol-A, a glycidyl compound of 3,3',5,5'-tetramethyi-4,4-biphenol, or a mixture of two or more thereof.

The metallic foil as claimed in Claim 1, wherein the polyisocyanate compound used for the preparation of the
adhesive resin is a compound of the general formula;

(0=C=N),-R

wherein R is a substituted or unsubstituted aliphatic, aromatic or heterocyclic polyvalent group and m has an
average value of from about 1.8 to about 2.2.

The metallic foil as claimed Claim 4, wherein the polyisocyanate compound used forthe preparation of the adhesive
resin is a 2,4'-methylene bis(phenylisocyanate), 4,4'-methylene bis(phenylisocyanate) (MDI) or an isomer thereof,
a higher functional homolog of MDI, a toluene diisocyanate (TDI), m-xylylene diisocyanate, hexamethylene diiso-
cyanate (HMDI), isophorone diisocyanate, or a mixture of two or more thereof.

The metallic foil as claimed in Claim 5, wherein the polyisocyanate compound used for the preparation of the
adhesive resin is 2,4'-methylene bis(phenylisocyanate), 4,4'-methylene bis(phenylisocyanate), a toluene diisocy-
anate (TDl)or a mixture thereof.

The metallic foil as claimed in Claim 1, wherein the reaction of the polyepoxide compound with the polyisocyanate
compound is carried out in the presence of a catalyst, which is zinc carboxylate, an organozinc chelate compound,
a trialkyl aluminum, a quaternary phosphonium salt, a quatermary ammonium salt, a tertiary amine or an imidazole,
or a mixture of two or more thereof.

The metallic foil as claimed in Claim 7, wherein the catalyst is 2-phenylimidazole, 2-methylimidazole,1-methylim-
idazole, 4,4'-methylene-bis(methylimidazole), 1,5-diazabicyclo{4.3.0]non-5-en, 1,4-diazabicyclo[2.2.2] octane,
1,8-diazabicyclo[5.4.0]undec-7-en, or a mixture of two or more thereof,

The metallic foil as claimed Claim 1, wherein the chain extender employed in the production of the polyoxazolidone
compound is a dihydric phenol, a halogenated dihydric phenol, a dicarboxylic acid, a diamine, an aminoamide an
alkanolamine, or a mixture of two or more thereof.

10. The metallic foil as claimed in Claim 9, wherein the chain extender is succinic acid, glutaric acid, adipic acid, oxalic
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acid, phthalic acid, hexahydrophthalic acid, maleic acid, citraconic acid, itaconic acid, dodecenylsuccinic acid, an
alkylated endoalkylenetetrahydrophthalic acid, a half ester obtained from the reaction of a polyol with an acid
anhydride, a di-secondary amine of the general formula R-NH-R'-NH-R" wherein R, R' and R" are each a C4-Cyq
alkyl, C4-C,q cycloalkyl or C4-Cyq aryl moiety, a heterocyclic di-secondary amines wherein one or both of the N
atom is part of a nitrogen containing heterocyclic ring, of the general formula

R, .-
. . —_—— I'4
MmN~ R—NH—R® ; HN_ R—R°-R_ NH or N NH

~— ) ~ R/

an aminoaryl carboxylic acid amide; an amino-arylsulfonamide, piperazine, 2-methylpiperazine, monoeth-
anolamine, piperidine-4-carbonic acid, 4-aminobenzene sulfonic acid amide, or a phenolic compound containing
on average more than about 1 and less about 3 phenolic hydroxyl groups per molecule.

The metallic foil as claimed in Claim 10, wherein the chain extender is 2,2-bis(3,5-dibromo-4-hydroxyphenyl) pro-
pane; 2,2-bis(4-hydroxyphenyl) propane; 2,2-bis(3,5-dichloro-4-hydroxyphenyl) propane; bis(4-hydroxyphenyl)
methane; 1,1-bis(4-hydroxyphenyl)-1-phenylethane; 1,1'-bis(2,6-dibromo-3,5-dimethyl-4-hydroxyphenyl) pro-
pane; bis(4-hydroxyphenyl) sulfone; bis(4-hydroxyphenyl) sulfide; resorcinol, hydrogquinone, tetramethylbisphenol-
A, tetramethylbisphenol-AD or tetramethylbisphenol-S.

The metallic foil as claimed Claim 1, wherein the chain extender employed in the production of the polyoxazolidone
compound has a molecular weight (excluding any halogen present) of from 110 to 800.

The metallic foil as.claimed in Claim 12, wherein the chain extender employed in the production of the polyoxazo-
lidone compound has a molecular weight (excluding any halogen present) of from 185 to 500.

The metallic foil as claimed in Claim 1, wherein the reaction of the polyepoxide compound with the polyisocyanate
compound is carried out in the presence of a cross-linker which is a polyamine, poryamide, a polyanhydride, a

polyphenol or a polyacid, that contains an average of more than two reactive sites per molecule.

The metallic foil as claimed in Claims 14, wherein the cross-linker is dicyandiamide, a polyanhydride or a polyphe-
nol.

The metallic foil as claimed in Claim 1, wherein the resin composition comprises, in addition to the polyoxazolidone
compound,

a) from 0-99 weight percent of a thermosetting resin;

b) from 0-99 weight percent of a thermoplastic resin; or

¢) from 0-99 weight percent of a mixture of a thermosetting resin and a thermoplastic resin.
A method of adhering a metallic foil to a prepreg or a laminate, which method comprises applying the coated side
of a coated metallic foil constituted by a metallic foil and an adhesive coating consisting of an adhesive resin
composition not comprising a reinforcing web comprising from 1 to 100 weight percent of a thermoplastic oxazo-

lidone ring-containing compound having a molecular weight of at least 5000, which is the reaction product of:

a) from 20 to 43 weight percent, based on the polyepoxide and polyisocyanate reactants, of a polyisocyanate
having an isocyanate-functionality of from 1.8 to 2.2, and

b) from 80 to 57 weight percent, based on the polyepoxide and polyisocyanate reactants, of a polyepoxide
having an epoxide functionality of from 1.8 to 2.2, and optionally,

¢) a chain extender; to the prepeg or laminate.

An adhesive film for use in bonding a metallic foil to a prepreg or a laminate, wherein the film is constituted by a
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resin composition not comprising a reinforcing web comprising from 1 to 100 weight percent of a thermoplastic
oxazolidone ring-containing compound having a molecular weight of at least 5000, which is the reaction product of:

a) from 20 to 43 weight percent, based on the polyepcixide and polyisocyanate reactants, of a polyisocyanate
having an isocyanate-functionality of from 1.8 to 2.2, and

b) from 80 to 57 weight percent, based on the polyepoxide and polyisocyanate reactants, of a polyepoxide
having an epoxide functionality of from 1.8 to 2.2, and optionally,

¢) a chain extender.

Patentanspriiche

1.

Beschichtete Metallfolie, gebildet durch eine Metallfolie, die eine Kiebstoffbeschichtung hat, bestehend aus einer
Harzzusammensetzung, die eine verstarkende Bahn nicht umfaBt, aufgeschichtet auf dieser Metallfolie, wobei
diese Harzzusammensetzung von 1 bis 100 Gew.-% einer themmoplastischen, Oxazolidonring enthaltenden Ver-
bindung, die ein Molekulargewicht von wenigstens 5000 hat, umfaBt, welche das Reaktionsprodukt ist von:

a) von 20 bis 43 Gew.-%, bezogen auf die Polyepoxid- und Polyisocyanatreaktiosteilnehmer, eines Polyiso-
cyanates, das eine Isocyanatfunktionalitat von 1,8 bis 2,2 hat, und

b) von 80 bis 67 Gew.-%, bezogen auf die Polyepoxid- und Polyisocyanatreaktiosteiinehmer, eines Polyep-
oxids, das eine Epoxidfunktionalitdt von 1,8 bis 2,2 hat; und wahlweise

¢) einem Kettenverlangerer.

Metallfolie wie in Anspruch 1 beansprucht, in welcher das fiir die Herstellung des Klebstoffharzes verwendete
Polyepoxid ist:

i) ein aromatisches Polyepoxid, ausgewahlt aus denjenigen, die abstammen von Bisphenol-A, Bisphenol-F,
Bisphenol-AD, Bisphenol-S, Tetramethylbis-phenol-A, Tetramnethylbisphenol-F, Tetramethylbisphenol-AD,
Tetramethybisphenol-S, Tetrabrombisphenol-A, Tetrachlorbis-phencl-A, 4,4'-Biphenol-3,3',5,5'-tetramethyl-
4,4'-biphenol und Dihydroxynaphthalin;

ii) ein aliphatisches Polyepoxid, ausgewdhlt aus einem Diglycidylester von Hexahydrophthalséure, einem Di-
glycidylester einer Dicarbonsédure, einem epoxidierten Polybutadien, einem epoxidierten Sojabohnend! und
einem epoxidierten Diol;

ii) ein cycloaliphatisches Epoxid, ausgewéhit aus 3,4-Epoxy-6-methyicyclohexylcarboxylat und 3,4-Epoxy-
cyclohexylcarboxylat; oder

iv) eine Mischung von zwei oder mehreren hiervon.

Metallfolie wie in Anspruch 2 beansprucht, in welcher das fir die Herstellung des Klebstoffharzes verwendete
Polyepoxid eine Glycidylverbindung von Bisphenol-A, eine Gycidylverbindung von Bisphenol-F, eine Glycidylver-
bindung von Tetrabrombisphenol-A, eine Glycidylverbindung von 3,3',5 6'-Tetramethyl-4 4-biphenol oder eine Mi-
schung von zwei oder mehreren hiervon ist.

Metallfolie wie in Anspruch 1 beansprucht, in welcher die zur Herstellung des Klebstoffharzes verwendete Poly-
isocyanatverbindung eine Verbindung der allgemeinen Formel ist:

(0=C=N),_-R

worin R eine substituierte oder nicht-substituierte aliphatische, aromatische oder heterocyclische polyvalente
Gruppe ist und m einen Durchschnittswert von etwa 1,8 bis etwa 2,2 hat.

Metallfolie wie in Anspruch 4 beansprucht, in welcher die zur Herstellung des Klebstofftharzes verwendete Poly-
isocyanatverbindung ein 2,4'-Methylen-bis(phenylisocyanat), 4,4'-Methylen-bis(phenylisocyanat) (MDI) oder ein
lsomeres hiervon, ein héheres funktionelles Homologes von MDI, ein Toluoldiisocyanat (TDI), m-Xylylendiisocya-
nat, Hexamethylendiisocyanat (HMD), Isophorondiisocyanat oder eine Mischung von zwei oder mehreren hiervon
ist.

6. Metalifolie wie in Anspruch 5 beansprucht, in welcher die zur Herstellung des Klebstoffharzes verwendete Poly-
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isocyanatverbindung ein 2,4'-Methylen-bis(phenylisocyanat), 4,4'-Methylen-bis(phenylisocyanat), ein Toluoldiiso-
cyanat (TDl)oder eine Mischung hiervon ist.

Metallfolie wie in Anspruch 1 beansprucht, in welcher die Reaktion der Polyepoxidverbindung mit der Polyisocya-
natverbindung in Anwesenheit eines Katalysators durchgefithrt wird, welcher Zinkcarboxylat, eine Organozink-
chelatverbindung, ein Trialkylaluminium, ein quaternéres Phosphoniumsalz, ein quaternares Ammoniumsalz, ein
tertidres Amin oder ein Imidazol oder eine Mischung von zwei oder mehreren hiervon ist.

Metallfolie wie in Anspruch 7 beansprucht, in welcher der Katalysator 2-Phenylimidazol-2-methylimidazol, 1-Me-
thylimidazol, 4,4'-Methylen-bis-(methylimidazol), 1,5-Diazabicyclo-[4.3.0]non-5-en, 1,4-Diazabicyclo[2.2.2]octan,
1,8-Diazabi-cyclo[5.4.0]undec-7-en oder eine Mischung von zwei oder meh-reren hiervon ist.

Metallfolie wie in Anspruch 1 beansprucht, in welcher der bei der Herstellung der Polyoxazolidonverbindung ver-
wendete Kettenverlangerer ein zwei Hydroxylgruppen enthaltendes Phenol, ein halogeniertes zwei Hydroxylgrup-
pen enthaltendes Phenol, eine Dicarbonséure, ein Diamin, ein Aminoamid, ein Alkanolamin oder eine Mischung
von zwei oder mehreren hiervon ist. '

Metallfolie wie in Anspruch 9 beansprucht, in welcher der Kettenverlédngerer ist: Bernsteinsaure, Glutarsaure, Adi-
pinséure, Oxalsdure, Phthalsidure, Hexahydrophthalsiure, Maleinséure, Citraconséure, ltaconsaure, Dodecenyl-
bernsteinsdure, eine alkylierte Endoalkylentetrahydrophthalsdure, ein aus der Reaktion eines Polyols mit einem
Séaureanhydrid erhaltener Halbester, ein di-sekundédres Amin der allgemeinen Formel R-NH-R'-NH-R", worin R,
R' und R" jedes eine C4-C5-Alkyl-, C4-C54-Cycloalkyl- oder Gg-Cog-Aryleinheit sind, ein heterocyclisches di-se-
kundares Amin, worin eines oder beide der N-Atome Teil eines Stickstoff enthaltenden heterocyclischen Ringes
der allgemeinen Formel sind:

— ; - KRR:H
HN " R—NH—R" ; HN R—R"-R_NH or HJ{RI

N ——

eine Aminoarylcarbonséure, ein Aminoarylsulfonamid, Piperazin, 2-Methylpiperazin, Monoethanolamin, Piperidin-
4-carbonséure, 4-Aminobenzylsulfonsdureamid, oder eine phenolische Verbindung, welche im Durchschnitt mehr
als etwa 1 und weniger als etwa 3 phenolische Hydroxylgruppen pro Molekiil enthélt.

Metallfolie wie in Anspruch 10 beansprucht, in welcher der Kettenverldngeger ist: 2,2-Bis(3,5-dibrom-4-hydroxy-
phenyl)propan, 2,2-Bis(4-hydoxyphenyl)propan, 2,2-Bis(3,5-dichlor-4-hydroxyphenyl)propan, Bis(4-hydroxyme-
thyl)methan, 1,1-Bis(4-hydroxyphenyl)-1-phenylethan, 1,1'-Bis(2,6-dibrom-3,5-dimethyl-4-hydroxyphenyl)propan,
Bis-(4-hydroxyphenyl)-sulfon, Bis{4-hydroxyphenyl)sulfid, Resorcin, Hydrochinon, Tetramethylbisphenol-A, Tetra-
methylbis-phenol-AD oder Tetramethylbisphenol-S.

Metallfolie wie in Anspruch 1 beansprucht, in welcher der zur Herstellung der Polyoxazolidonverbindung verwen-
dete Kettenverldngerer ein Molekulargewicht (ausgenommen irgendwelches vorhandenes Halogen) von 110 bis
800 hat. '

Metallfolie wie in Anspruch 1 beansprucht, in welcher der zur Herstellung der Polyoxazolidonverbindung verwen-
dete Kettenvertdngerer ein Molekulargewicht (ausgenommen irgendwelches vorhandenes Halogen) von 185 bis
500 hat.

Metalifolie wie in Anspruch 1 beansprucht, in welcher die Reaktion der Polyepoxidverbindung mit der Polyisocya-
natverbindung in Anwesenheit eines Vernetzers durchgefiihrt wird, welcher ein Polyamin, Polyamid, ein Polyan-
hydrid, ein Polyphenol oder eine Polysaure ist, die einen Durchschnitt von mehr als 2 reaktionsfdhigen Platzen
pro Molekiil haben.

Metallfolie wie in Anspruch 14 beansprucht, in welcher der Vernetzer Dicyandiamid, ein Polyanhydrid oder ein
Polyphenol ist.

Metallfolie wie in Anspruch 1 beansprucht, in welcher die Harzzusammensetzung umfant:
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a) von 0 - 99 Gew.-% eines hitzehdrtenden Harzes;
b) von 0 - 99 Gew.-% eines thermoplastischen Harzes; oder
¢) von 0-8889 Gew.-% einer Mischung eines hitzehartenden und eines thermoplastischen Harzes.

Verfahren zum Verkleben einer Metallfolie an ein Prepreg oder ein Laminat, wobei das Verfahren umfaft: das
Auflegen der beschichteten Seite einer beschichteten Metallfolie, gebildet durch eine Metallfolie und eine Kieb-
stoffbeschichtung, welche aus einer Klebstoffharzzusammensetzung besteht, die eine verstirkende Bahn nicht
umfaBt und von 1 bis 100 Gew.-% einer thermoplastischen, Oxazolidonring enthaltenden Verbindung umfaBt, die
ein Molekulargewicht von wenigstens 5000 hat, welche das Reaktionsprodukt ist von:

a) von 20 bis 43 Gew.-%, bezogen auf die Polyepoxid- und Polyisocyanatreaktiosteilnehmer, eines Polyiso-
cyanates, das eine Isocyanatfunktionalitat von 1,8 bis 2,2 hat, und

b} von 80 bis 57 Gew.-%, bezogen auf die Polyepoxid- und Polyisocyanatreaktiosteilnehmer, eines Polyep-
oxids, das eine Epoxidfunktionalitat von 1,8 bis 2,2 hat; und wahlweise

¢) einem Kettenverlangerer

auf das Prepreg oder das Laminat.

Klebstoffilm zur Verwendung beim Verkleben einer Metallfolie an ein Prepreg oder an ein Laminat, in welcher der
Film gebildet ist durch eine Harzzusammensetzung, die eine verstiarkende Bahn nicht umfaBt und von 1 bis 100
Gew.-% einer thermoplastischen, Oxazolidonring enthaltenden Verbindung umfaBt, die ein Molekulargewicht von
wenigstens 5000 hat, welche das Reaktionsprodukt ist von:

a) von 20 bis 43 Gew.-%, bezogen auf die Polyepoxid- und Polyisocyanatreaktiosteilnehmer, eines Polyiso-
cyanates, das eine Isocyanatfunktionalitdt von 1,8 bis 2,2 hat, und

b) von 80 bis 57 Gew.-%, bezogen auf die Polyepoxid- und Polyisocyanatreaktiosteilnehmer, eines Polyep-
oxids, das eine Epoxidfunktionalitit von 1,8 bis 2,2 hat; und wahlweise

¢) einem Kettenverlangerer.

Revendications

1.

3.

Feuille métallique revétue, constituée d'une feuille métallique qui porte un revétement adhésif consistant en une
composition résineuse qui ne comporte pas de bande de renfort, qui est étalée a la surface de ladite feuille mé-
tallique et qui comprend de 1 a 100 % en poids d'un composé thermoplastique & cycle oxazolidone dont la masse
molaire vaut au moins 5 000 et qui est le produit de réaction

a) de 20 & 43 % en poids, par rapport aux réactifs polyépoxyde et polyisocyanate, d'un polyisocyanate dont
le nombre de fonctions isocyanate vautde 1,8 4 2,2,

b) et de 80 & 57 % en poids, par rapport aux réactifs polyépoxyde et polyisocyanate, d'un polyépoxyde dont
le nombre de fonctions époxyde vaut de 1,8 4 2,2,

¢) et le cas échéant, d'un agent d'allongement des chaines.

Feuille métallique conforme & la revendication 1, dans laquelle le polyépoxyde employé pour préparer la résine
adhésive est :

i) un polyépoxyde aromatique choisi parmi' ceux qui dérivent de I'un des bisphénol A, bisphéno! F, bisphénol
AD, bisphénol S, tétraméthylbisphénol A, tétraméthylbisphénol F, tétraméthylbisphénol AD, tétraméthylbis-
phénol S, tétrabromobisphénol A, tétrachlorobisphénol A, 4,4'-biphénol, 3,3',5,5'-tétraméthyl-4,4'-biphénol et
dihydroxynaphtaléne ; ‘

i) un polyépoxyde aliphatique choisi parmi un ester diglycidylique d'acide hexahydrophtalique, un ester digly-
cidylique d'acide dicarboxylique, un polybutadiéne époxydé, une huile de soja époxydée, et un diol époxydé ;
iify un époxyde cycloaliphatique choisi parmi un 3,4-époxy-6-méthylcyclohexyl-carboxylate et un 3,4-époxy-
cyclohexyl-carboxylate ;

iv) ou un mélange de deux de ces composés ou plus.

Feuille métallique conforme & la revendication 2, dans laquelle le polyépoxyde employé pour préparer la résine
adhésive est un dérivé glycidylique du bisphénol A, un dérivé glycidylique du bisphénol F, un dérivé glycidylique
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du tétrabromobisphénol A, ou un dérivé glycidylique du 3,3' 5,5'-tétraméthyl-4,4'-biphénol, ou encore un mélange
de deux de ces dérivés ou plus.

Feuille métallique conforme & la revendication 1, dans laquelle le polyisocyanate employé pour préparer la résine
adhésive est un composé de formule générale :

(0=C=N),,-R

dans laquelle R représente un groupe polyvalent, aliphatique, aromatique ou hétérocyclique, et portant ou non un
ou des substituants, et m représente un nombre qui vaut en moyenne a peu prés de 1,8 22,2

Feuille métallique conforme & la revendication 4, dans laquelle le polyisocyanate employé pour préparer la résine
adhésive est du 2,4'-méthyléne-bis(isocyanatophényle), du 4,4'-méthylene-bis(isocyanatophényle) (MDI) ou I'un
de ses isomeres, un homologue fonctionnel supérieur du MDI, un toluyléne-diisocyanate (TDI), un m-xylyléne-
diisocyanate, de I'hexaméthyléne-diisocyanate (HMDI), de lisophorone-diisocyanate, ou un mélange de deux de
ces composés ou plus.

Feuille métallique conforme & la revendication 5, dans laquelle le polyisocyanate employé pour préparer ia résine
adhésive est du 2,4'-méthyléne-bis(isocyanatophényle), du 4,4'-méthyléne-bis(isocyanatophényle), un toluyléne-
diisocyanate (TDI), ou un mélange de ces composés.

Feuille métallique conforme 2 la revendication 1, dans laquelle la réaction du polyépoxyde et du polyisocyanate
est effectuée en présence d'un catalyseur qui un carboxylate de zinc, un chélate organozincique, un trialkylalumi-
nium, un sel de phosphonium quaternaire, un sel d'ammonium quaternaire, une amine tertiaire ou un imidazole,
ou encore un mélange de deux de ces composés ou plus.

Feuille métallique conforme a la revendication 7, dans laquelle le catalyseur est du 2-phényl-imidazole, du 2-mé-
thyl-imidazole, du 1-méthyl-imidazole, un 4,4'-méthyléne-bis(méthylimidazole), du 1,5-diazabicyclo[4.3.0]non-
5-éne, du 1,4-diazabicyclo[2.2.2]octane, du 1,8-diazabicyclo-[5.4.0Jundéc-7-éne, ou un mélange de deux de ces
composés ou plus.

Feuille métallique conforme a la revendication 1, dans laquelle I'agent d'allongement de chaines employé dans la
préparation de la polyoxazolidone est un diphénol, un diphénol halogéné, un acide dicarboxylique, une diamine,
un aminoamide, une alcanolamine, ou un mélange de deux de ces composés ou plus.

Feuille métallique conforme a la revendication 9, dans laquelle I'agent d'allongement de chaines est l'acide suc-
cinique, I'acide glutarique, 'acide adipique, I'acide oxalique, I'acide phtalique, I'acide hexahydrophtalique, 'acide
maléique, l'acide citraconique, l'acide itaconique, I'acide dodécénylsuccinique, un acide endoalkyl&ne-tétrahy-
drophtalique alkylé, un semi-ester obtenu par réaction d'un polyol et d'un anhydride d'acide, une diamine secon-
daire de formule générale R-NH-R'-NH-R" ol R, R' et R" représentent chacun un groupe de type alkyle en C_4o,
cycloalkyle en C4_5 ou aryle en Cg5g, une diamine secondaire hétérocyclique dans laquelle I'un des atomes
d'azote ou les deux sont des chainons d'un hétérocycle azoté, de formule générale

~~ — ~~ RN
HN R-NH-R*, HN R-R"-R NH ou HN NH,
~— N ~— Cre J

un aminoarylcarboxamide, un aminoarylsulfonamide, la pipérazine, la 2-méthyl-pipérazine, la monoéthanolamine,
I'acide pipéridine-4-carboxylique, le 4-aminobenzénesulfonamide, ou un composé phénolique dont les molécules
contiennent en moyenne plus d'environ 1 et moins d'environ 3 groupes hydroxyle.

Feuille métallique conforme & la revendication 10, dans laquelle I'agent d'allongement de chaines est du 2,2-bis
(3,5-dibromo-4-hydroxyphényl)propane, du 2,2-bis(4-hydroxyphényl)propane, du 2,2-bis(3,5-dichloro-4-hydroxy-
phényl)propane, du bis(4-hydroxyphényl)méthane, du 1,1-bis(4-hydroxyphényl)-1-phényléthane, du 1,1'-bis
(2,6-dibromo-3,5-diméthyl-4-hydroxyphényl)propane, de la bis(4-hydroxyphényl)sulfone, du bis(4-hydroxyphényl)
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sulfure, du résorcinol, de I'hydroquinone, du tétraméthyl-bisphénol A, du tétraméthyl-bisphénol AD ou du tétramé-
thyl-bisphénol S.

Feuille métallique conforme & la revendication 1, dans laquelle I'agent d'allongement de chaines employé dans la
préparation de la polyoxazolidone présente une masse molaire, tout halogéne exclu, de 110 & 800.

Feuille métallique conforme & la revendication 12, dans laquelle 'agent d'allongement de chaines employé dans
la préparation de la polyoxazolidone présente une masse molaire, tout halogéne exclu, de 185 & 500.

Feuille métallique conforme a la revendication 1, dans laquelle la réaction du polyépoxyde et du polyisocyanate
est effectuée en présence d'un agent de réticulation qui est une polyamine, un polyamide, un polyanhydride, un
polyphénol ou un polyacide, dont les molécules contiennent en moyenne plus de deux sites réactifs.

Feuille métallique conforme & la revendication 14, dans laquelle I'agent de réticulation est le dicyandiamide, un
polyanhydride ou un polyphéno!.

Feuille métallique conforme a la revendication 1, dans laquelle la composition de résine comporte, en plus de la
polyoxazolidone,

a) de 0 & 99 % en poids d'une résine thermodurcissable,
b) de 0 & 99 % en poids d'une résine thermoplastique,
c¢) ou de 0 a 99 % en poids d'un mélange d'une résine thermodurcissable et d'une résine thermoplastique.

Procédé permettant de faire adhérer une feuille métallique & un stratifié ou a un pré-imprégné, lequel procédé
comporte le fait d'appliquer le c6té revétu d'une feuille métallique revétue, constituée d'une feuille métallique et
d'un revétement adhésif consistant en une composition résineuse adhésive qui ne comporte pas de bande de
renfort et qui comprend de 1 & 100 % en poids d'un composé thermoplastique & cycle oxazolidone dont la masse
molaire vaut au moins 5 000 et qui est le produit de réaction

a) de 20 & 43 % en poids, par rapport aux réactifs polyépoxyde et polyisocyanate, d'un polyisocyanate dont
le nombre de fonctions isocyanate vaut de 1,8 4 2,2,

b) et de 80 & 57 % en poids, par rapport aux réactifs polyépoxyde et polyisocyanate, d'un polyépoxyde dont
le nombre de fonctions époxyde vaut de 1,8 42,2,

c) et le cas échéant, d'un agent d'allongement des chaines,

sur le stratifié ou sur le pré-imprégné.

Film adhésif servant & coller une feuille métallique sur un stratifié ou sur un pré-imprégné, lequel film est constitué
d'une composition résineuse adhésive qui ne comporte pas de bande de renfort et qui comprend de 1 &4 100 %
en poids d'un composé thermoplastique a cycle oxazolidone dont la masse molaire vaut au moins 5 000 et qui est
le produit de réaction

a) de 20 a 43 % en poids, par rapport aux réactifs polyépoxyde et polyisocyanate, d'un polyisocyanate dont
le nombre de fonctions isocyanate vautde 1,8 22,2,

b) et de 80 & 57 % en poids, par rapport aux réactifs polyépoxyde et polyisocyanate, d'un polyépoxyde dont
le nombre de fonctions époxyde vaut de 1,8 22,2,

c) et le cas échéant, d'un agent d'allongement des chaines.
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