
EP 0156148 81 Description BACKGROUND OF THE INVENTION This invention
relates to fiber resin matrix materials and methods. More particularly, the
invention 5 relates to improved interleafed fiber resin matrix fabric
sheeting having high impact strength. High strength to weight materials
constructed from fiber resin matrix composites have become widely used in
many industries where strength, corrosion resistance and light weight are
desirable. For example, resin matrix materials are particularly well suited
for use in aircraft structural members. Sporting equipment, such as tennis
rackets and golf clubs, has also been successfully constructed from such 10
materials. Bi-layer composites have been described therein which comprise
(A) a fiber resin matrix layer of high- strength reinforcing filaments
coated with a thermosetting epoxy resin and (B) discrete interleaf layer of
modified thermosetting epoxy resin, containing a rubbery, extensible
polymer material. The composites are commonly formed into prepreg tapes,
wherein the filaments are arranged in a flat, unidirectional array. 15 and
the tapes used to build, or "lay-up", a structural laminate, where the
interleaf layers provide special advantages in terms of shear and impact
strength. When the reinforcing filaments are in the configuration of a
fabric, however, great difficulty has been encountered in maintaining a
continuous interleaf layer. When the bi-layer prepreg fabrics are laminated
and cured under pressure, the thin interleaf resin layer is broken up,
largely eliminating any improvements in performance. This is at least
partially due to the construction of reinforcing fabrics: Fiber bundles, or
"tows", of about 1,000 to 12,000 individual fibers are interwoven to form a
high-strength fabric sheet, which is in turn coated and impregnated with
thermosetting resin. On a microscopic level, the surface of such a fabric
is very uneven, and a thin interleaf layer, when pressed between fabric
sheets and cured, is easily disrupted. 25   Attempting to preserve the
interleaf layer by changing the curing process or radially altering the
interleaf layer are imperfect solutions: Changes in the curing conditions
or chemistry increases the cost, time and expertise required and often
result in inferior composites; applying a thicker layer of interleaf resin
or reinforcing it also adds cost but also, and much more importantly,
abrogates the high strength-to- weight ratio that gives fiber resin matrix
materials their advantage over metals. 35     Fiber resin matrix composites
are typically comprised of a dense layer of strong reinforcing filaments
coated with a thermoset resin to form a curable sheet or tape. The
composite can then be formed to desired shapes and cured. Numerous
reinforced resin matrix composites have been described in the art, of which
U.S. Patents 2,561,449 (Ruderman), 2,810.674 (Madden), 3,010,848 (Rochas et
al), 3,649,435 (Varlas), 3.755,061 (Schurb), 3,914,494 (Park), 4,182,495
(Borgmeier et al), 4,309,473 (Minamisaway et al) 4.343,843 35  (Johnson et
al) and 3,472,730 (Frigstad) and British Patent No. 1,187,377 are
representative. It is known that composite laminates can be improved by
interleafing thermoset films between the fiber-reinforced layers. In the
Frigstad patent. U.S. 3,472,730, for example, filament-reinforced resinous
sheeting is disclosed which comprises a thin layer of high-strength
filaments coated with a heatcurable resin composition and a separate
exterior film on at least one side of the filament-reinforced layer 40
comprising a heat-curable resin composition modified with a resin that
contains elastomeric material. It has been proposed to employ interleaf
resins comprising a thermosetting epoxy resin modified with 8-70% by weight
of a rubbery vinyl addition polymer such that the shear modulus is greater
than 3.52 x 10' kg/sqm (50,000 psi) and yield strength is greater than 2.11
x [err] kg/sqm (3,000 psi) at high temperatures provide fiber resin matrix
composites having greatly improved resistance to impact damage over a wide
45  range of temperatures. It has also been proposed to use lightweight
woven cloths (scrims) in thermoset interleafed fabric resin matrix
composites to improve the impact resistance of composites reinforced by
high-strength woven fabrics. SUMMARY OF THE INVENTION 50     It has now
been discovered that incorporating a thin, non-woven or woven fibrous mat
or carrier into the elastomeric interleaf resin layer sufficiently supports
the interleaf during cure to provide a fiber resin matrix prepreg fabric
having significantly increased impact resistance, without significantly
adding to the gross weight of the final composite. The non-woven or woven
fibrous mat or carrier comprising, e.g., lightweight glass, polyester,
graphite, carbon, boron, polyaramide, cellulosic, etc. fibers, does not
reinforce 55  the interleaf or add strength to the ultimate composite,
rather it supports the interleaf resin during cure, providing a final
interleaf layer that is continuous and integral. The preserved continuous
interleaf layers in turn provides finished composites having greater impact
strength and resistance to delamination after impact damage. According to
this aspect of the invention interleafted prepreg fabric is produced by: 



60     (1) incorporating a lightweight fibrous mat or carrier of supporting
filaments into an interleaf resin composition comprising (a) a first
thermosetting epoxy resin composition containing (b) about 8% to 70% by
weight of a rubbery vinyl addition polymer to provide a supported interleaf
resin layer, and (2) introducing said supported interleaf resin layer to at
least one surface of a fiber resin matrix comprising (a) a fabric of
high-strength reinforcing filaments and (b) a second thermosetting epoxy
resin 65  composition. 2    EP  0156148  B1 Also contemplated are prepreg
fabrics comprising (A) a fiber resin matrix layer comprising (i) interwoven
high-strength reinforcing filaments and (ii) a thermosetting epoxy resin
composition coating said interwoven reinforcing filaments, and (B) a
discrete interleaf resin layer comprising (i) a lightweight fibrous mat or
carrier of supporting filaments and (ii) a modified thermosetting epoxy
resin composition containing from about 8% to 70% by weight of a rubbery
vinyl addition polymer. For the purposes of the present invention, the term
"high temperatures" and "upper use temperatures refers to temperatures in
and above a range of from about  [err] to over [err] [err]. The term "wet
conditions" refers to a test condition where the sample to be tested has
been immersed in water at [err]  for 14 days, or to any environmental
exposure to moisture that produces a like condition. The term
"thermoplastic resin" refers to a resin which is wholly thermoplastic as
well as to thermoplastic/thermosetting resin blends wherein the
thermosetting component is a minor constituent of the blend, present in an
amount of no more than 40% by weight  based on the weight of the blend.
DESCRIPTION OF THE DRAWINGS Figure 1 is an enlarged elevational exploded
view of an interleafed prepreg fabric composite according to the present
invention, showing separate fiber resin matrix and interleaf lamina, and
the components of individual lamina, including a reinforcing fabric, a
resin matrix covering said fabric a discrete interleaf layer of elastomeric
resin, and a lightweight fibrous mat or carrier incorporated in said
interleaf layer. Figure 2 is a magnified detail of the reinforcing fabric
of Figure 1. showing the interwoven tows of reinforcing filament. Figure 3
is a megnified sectional view of a tow of Figure 2, showing the individual
reinforcing filaments, numbering approximately 1,000 to 12,000, which make
up each tow. 25     Figure 4 is a magnified detail of a lightweight fibrous
supporting mat, showing the random configuration of lightweight supporting
filaments. The preferred non-woven fibrous mat is shown in this figure. but
it should be noted that woven lightweight supporting carriers, formed from
interwoven lightweight supporting filaments, may also be used to support
the interleaf layer. As used herein, the term "mat" generally denotes a non
woven fibrous film, and the term "carrier" generally denotes woven such
films. The collective term "fibrous mat or carrier" is intended to cover a
wide range of lightweight non-woven and woven films capable of supporting
(and not necessarily reinforcing) the interleaf resin layer during curing
as will be described in more detail below. DESCRIPTION OF THE PREFERRED
EMBODIMENTS 35    The present invention is directed to the provision of a
laminate layer referred to as an interleaf for use in a composite structure
of a fiber resin matrix and the interleaf. The fundamental discovery
underlying the present invention is that a resin having particular
mechanical properties, when used to provide thin, discrete layers between
reinforcing fabric layers of a fiber resin matrix fabric composite, results
in a composite having unique toughness, shear resistance, and resistance to
impact damage, and these properties are exhibited over a broad range of
temperatures, e.g., from [err] to [err]  to [err] This performance is
achieved by pairing a matrix resin having particular high-temperature
properties and an interleaf resin having some elastomeric properties to
form a composite structure of alternating fabric and interleaf layers.
Thus, the invention further resides in the fact that resins have been
developed that are well suited for 45 use as particular interleaf materials
to provide a fiber resin matrix and interleaf resin composite of superior
toughness. It is particularly significant in this invention that the
interleaf material contains a quantity of rubbery (elastomeric) material
and that the interleaf resin and the resin of the fiber resin matrix be
sufficiently compatible to form strong cross-links across the resin
interface; yet, the interleaf material must be capable 



50 of being viscosity controlled to prevent intermixing, and a discrete
interleaf layer must be achieved. It has been discovered that the
interleafed composites of the present invention, besides exhibiting the
high compression, tensile and fluxural strengths characteristic of fiber
resin matrices, also exhibit an unexpected ability to withstand impact
damage, and over a wide range of temperatures (e.g., samples are tested at
from [err] to [err] (-68F to [err] The interleafed composites of the
present invention, for 55 example, show greater toughness, greater
resistance to shear impact, greater tolerance of impact damage and greater
resistance to crack propagation than conventional fiber resin matrix
composites. The dynamic relationship between the fiber resin matrix
component and the interleaf resin component of the present composites is
complex, however in general the interleaf resin provides toughness, i.e.,
high impact strength, to the composite at all temperatures, while the
matrix resin is highly resistant to the effects 60  of wet conditions and
changes in temperature. The interleaf resin layers are also designed to
protect the fiber matrix layers by absorbing or otherwise "heading off"
damaging forces before they reach levels harmful to the fiber resin matrix.
When subjected to shear forces, for instance, the interleaf materials
suitable for the purposes herein show great elongation above a certain
shear stress level, and the components are paired so that the interleaf
resin layer will flex and absorb the energy of the shear load as it 65
approaches a level at which the fiber resin matrix will fail. If impact
loads reach such levels that the 3    EP 0156148 B1 structure cracks, the
high strain capabilities of the interleaf l ayer help to maintain the
integrity of the structure by increasing the energy required to drive
cracks through the laminate. In this way crack propagation, even after
damage, is curtailed; and by selecting the components to provide this sort
of interprotective relationship, high-performance composites can be
achieved. The reinforcing filaments useful in the present invention
include, but are not limited to, filaments comprised of glass, carbon,
graphite, silicon carbide, boron, polyaramide, polyester, polyamide, rayon,
polybenzimidazole, polybenzothiazole, metal-coated such filaments, for
example nickel-coated and/or silver-coated graphite fibers and filaments,
or combinations of such filaments. In applications demanding a high
strength to weight ratio or shear strength, carbon fibers, graphite
filaments, polyaramid filaments or nickel-plated graphite filaments, such
as disclosed in published EP-A-88884 are preferred. As discussed in
referring to the drawings, above, individual reinforcing filaments are
gathered in bundles, or tows, of approximately 1,000 to 12,000 filaments
each and the tows are interwoven to form a flexible, strong fabric.
Although reinforcing fabrics may appear to have a smooth surface, on a
microscopic level the woven surface of the fabric is sufficiently irregular
to disrupt the thin (e.g., about 0.00127 cm to 0.0076 cm (0.0005 to 0.003
inch) thick) interleaf layer under common curing conditions. The epoxy
resin composition used to coat the reinforcing filaments (matrix resin) is
comprised primarily of epoxy compounds having more than on epoxide group
per molecule available for reaction. Such epoxy prepolymers include, but
are not limited to, polyfunctional ethers of polyvalent phenols, for
example pyrocatechol; resorcinol; hydroquinone 4.4-dihydroxydiphenyl
methane; 4,4'-dihydroxy-3,3'- dimethyldiphenyl methane; 4,4
-dihydroxydiphenyl dimethyl methane; 4,4-dihydroxydiphenyl methyl methane
4,4-dihydroxydiphenyl cyclohexane; 4,4 -dihydroxy-3,3'-dimethyldiphenyl
propane; 4.4- dihydroxydiphenyl sulphone or tris-(4-hydroxyphenyl) methane
polyglycidyl ethers of the chlorination and bromination products of the
above-mentioned diphenols; polyglycidyl ethers of novolacs (i.e., reaction
products of monohydric or polyhydric phenols with aldehdes. formaldehyde in
particular, in the presence of  acid catalysts ) polyglycidyl ethers of
diphenols obtained by esterifying 2 mols of the sodium salt of an aromatic
hydroxycarboxylic acid with 1 mol of a dihalogenoalkane or dihalogen
dialkyl ether (see, U.K. 1.017.6121. and polyglycidyl ethers of polyphenols
obtained by condensing phenols and long-chain halogen paraffins containing
at least 2 halogen atoms (see. U.K. 1,024,288). Other suitable compounds
include polyepoxy compounds based on aromatic amines and epichloro- hydin
for example N,N-diglycidylaniline: N,N
-dimethyi-N,N'-diglycidyl-4.4'-diaminodiphenyl methane
N-diglvcidyl-4-aminophenyl glycidyl ether; N.N,N',N -tetraglycidyl-4,4
-diaminodiphenyl methane; and N,N.N ,N -tetraglycidyl-1,3-propylene
bis-4-aminobenzoate, the latter two compounds being most preferred.
Glycidyl esters and/or epoxycyclohexyl esters or aromatic, aliphatic and
cycloaliphatic polycarboxylic acids for example phthalic acid diglycidyl
ester and adipic ester diglycidyl and glycidyl esters of reaction products
of 1 mol of an aromatic or cycloaliphatic dicarboxylic acid anhydride and
[err] mol of a diol or I/n mol of a polyol with n hydroxyl groups, or
hexahydrophthalic acid diglycidyl esters, optionally substituted by 



methyl groups are also suitable. Glycidyl ethers of polyhydric alcohols,
for example of 1,4-butanediol, 1,4-butenediol; glycerol; 1,1.1- trimethylol
propane; pentaerythritol and polyethylene glycols may also be used.
Triglycidyl isocyanurate: and polyglycidyl thioesters of polyvalent thiols,
for example of bis mercaptomethylbenzene; and diglycidyltrimethylene
sulphone, are also suitable. The epoxy resin composition will also include
a curing agent for the epoxy resin. Such curing agents are well known to
those skilled in the art, and preferred curing agents for the purposes
herein will be 45  diamnes including, but not limited to, diaminodiphenyl
sulphone, diaminodiphenyl methane, phenylene- diamine. etc. The amount of
curing agent necessary for a particular application can be readily
determined by persons skilled in the an and will vary according to the
precise makeup of the resin composition, the curing conditions desired and
other factors. However, by way of illustration, where a diamine curing
agent is 50  employed, from about 20 to 40 weight percent, most preferably
about 27 to 31 weight percent based on the total epoxy resin, has been
found suitable. Fillers, dyes, pigments, plasticizers, curing catalysts and
other such conventional additives and processing aids may be added to the
epoxy resin compositions described herein before curing to influence the
properties of the final resin composition. 55      The modified
heat-curable epoxy resin of the interleaf layer comprises 30% by weight or
more epoxy resin composition and from about 8% to 70% by weight of a
rubbery vinyl addition polymer. The suitable epoxy resins (and curing
agents) are of the same type disclosed above, although the particular epoxy
resin employed in the interleaf will typically be a different resin than
that selected for use in the fiber resin matrix layer. 60      The rubbery
vinyl addition polymers contemplated herein include homopolymeric and
copolymeric diene rubbers, derived from conjugated dienes of 4 to 8 carbons
such as butadiene, isoprene, propylene, chloroprene, and the like. These
include but are not limited to copolymers of such dienes with each other
and with one or more of such monomers as styrene, acrylonitrile,
methacrylonitrile, acrylic acid, methacrylic acid, methyl methacrylate, and
the like. Butadieneacrylonitrile polymers and carboxylic- 65  functional
butadiene-acrylonitrile polymers are most preferred. 4    EP 0 156 148 B1
The amount of rubbery modifier present can vary from 8 to 70 weight
percent, and the specific amounts employed must be sufficient to impart
elasticity and toughness to the interleaf resin. Preferably, about 8 to 24
weight percent of the modifier will be used; and where the preferred
butadiene-acrylonitrile copolymers are employed, a level of about 10 to 15
weight percent is most preferred. 5      Suitable supporting fibers for use
in the non-woven or woven fibrous mat or carrier are selected for their
ability to preserve the continuity of the interleaf layer during the curing
process, and accordingly the fibers must survive the curing temperatures,
e.g., [err]  without disintegrating. Beyond this requirement, the primary
factor influencing selection of the most appropriate fibrous mat or carrier
is weight. The lightweight fibrous mat or carrier must add as little weight
as possible to the final prepreg sheet, preferably less than 5%.
Lightweight fibrous mats and carriers of lightweight glass, carbon,
graphite, boron, polyaramide, polyethylene, polyester, and cellulosic
fibers, and the like, are contemplated, so long as they provide sufficient
support during cure to preserve the resin interleaf layer. Non-woven
fibrous mats are generally preferred over woven carriers of the same
material, since the mat or carrier will normally weigh much less than the
woven carrier, however where a woven support will serve the purposes
described herein without disadvantageously increasing the weight of the
final prepreg, it is entirely acceptable. Mats of spun polyester fibers are
most preferred. The physical properties of the interleaf resin composition
are not affected by the presence of the lightweight fibrous mat or carrier.
The physical strength of the mat or carrier is almost insignificant
compared to that of the cured resin, and for that reason the fibrous mat or
carrier is not thought of in the art as "reinforcing" the interleaf layer.
The bi-layered prepreg fabric sheeting of the invention is prepared by
methods well known in the art. Typicaily, the high-strength reinforcing
fabric is dipped over tension rollers in an epoxy resin composition
dispersed in solvent, then introduced through wiping rollers to control the
resin content, e.g., to about 30% to 60% by weight, preferably 40% to 45%.
The resin-coated fabric is passed through a drying tower to 



remove solvent, then introduced through a laminator, where it is mated with
release paper coated with the modified interleaf resin. The fibrous mat or
carrier is most easily introduced after the mating of the layers. by being
wound into the interleaf layer before the interleaf resin dries. As soon as
the resins are sufficiently dry to be handled, the bi-layer prepreg fabric
is wound on a spool or otherwise conventionally stored for use in
constructing high-strength composite structures. The viscosity of the
interleaf resin must be sufficiently high to provide the interleaf with the
necessary toughness and to maintain the interleaf resin as a discrete layer
adjacent to the fabric resin matrix. As previously mentioned, however,
crosslinking at the interface between the two resin layers is desireable
(and most preferred). This condition will occur when the resin of the
interleaf is chemically compatible with 35 the resin of the fiber resin
matrix, so as to promote cross-linking, and loaded with the necessary
amount of elastomeric (rubbery) material to define 2 discrete interleaf
layer. It has been observed that the resin of the interleaf containing the
necessary amount of modifier will have a Flow Test Number (flow percent),
N, measuring less than about 12 from the following viscosity test: FLOW
(VISCOSITY) TEST 1. Prepare a laminate by coating 0.0976 kg/sqm (0.02
pounds per square foot) on interleaf resin onto 120 glass fabric. 2. Stack
four 10.2 x 10.2 cm (4" x 4") square plies of the laminate. 3. Weigh the
uncured 4-ply stack. 45    4. Cure the stack at [err] 42,186 kg/sqm [err]
60 psi) for 15 minutes. 5. Trim all resin that is squeezed beyond the edge
of the 120 glass fabric during the curing step (4). 6. Weigh the cured,
trimmed stack. 7. Obtain the flow percentage, N, as follows: [err] A flow
percent N below about 12 is required for optimal performance under this
invention and 55  preferably the N flow number will be between 5.5 and 7.7.
Also, experimental data indicate that poor interleaf material is obtained
when the N flow number is above about 14.6. In addition to the flow
characteristics of a resin, an indication of the performance of laminated
fiber resin matrix composites can be gained by subjecting cured samples of
the resins to shear forces, and measuring the elongation (in meters
(inches)) as a function of applied force (in kilograms (Ibs)). The data 60
from this test may be plotted, which typically generates a curve that ends
at the point of applied force and elongation where the sample breaks. From
this curve, the shear strain and shear stress of the resins can be
calculated and the characteristic stress/strain curves plotted. The testing
procedure is described more fully in Krieger, Jr., R. B., "Stiffness
Characteristics of Structural Adhesives For Stress Analysis in Hostile
Environment", American Cyanamid Co., Bloomingdale Plant, Havre de Grace, MD
(May, 1979), 65  incorporated herein by reference. 5    EP 0 156 148 B1
When the fiber resin matrix and interleaf resin are properly matched
according to the present invention, the shear stress/strain curves at
various temperatures for the matrix resin and the interleaf resin show high
modulus and other properties (yield, strair. to failure, ultimate stress),
discussed in more detail below. In practice, the interleaf material of this
invention can be used to form a variety of different parts. For example,
cover structures for airplane parts may be formed of fiber resin
matrix-interleaf sheets stacked and cured to form 0.254 cm (0.10 inch) to
0.635 cm (0.25 inch) thin structural parts, for example wing and fuselage
components. The fabric sheeting of this invention is suitable for primary
structures having the highest performance requirements. The fiber resin
matrix-interleaf fabric sheets range in thickness from 0.013 cm to 0.102 cm
(0.005 to 0.04 inch), the thickness varying according to resin content,
type of fabric used, fiber count, etc. The fiber resin matrix-interleaf
fabric sheets are also commonly laminated with the direction of the fabric
weave oriented in different directions, e.g., [err] and 45 relative,
depending on the stress requirements of the part. The relative thickness of
the layers of the fiber resin matrix-interleaf  resin sheet is also
important. Preferably the discrete, mat- or carrier-supported interleaf
layer will be in the range of about 0.00127 cm (0.0005 in) to 0.0076 cm
(0.003 in) (or about 0.0004 to 0.03 pounds/square foot most preferably
0.088 kg/[err] (0.01 to 0.018 pounds/square foot), and the fabric resin
matrix layer will be in the range of about 0.013 cm to 0.0356 cm 10.005 in
to 0.014 in). 



The degree of elongation after reaching the yield point is important. The
interleaf resin must have an overall elongation or strain to failure of at
least 6%, preferably 9%, at [err]  and a strain to failure at room
temperature of at least about 15%, preferably 25% or greater. This property
is less important at elevated temperatures, but preferred interleaf resins
will have a strain to failure of over 20%, most preferably over 50% at 93.3
C [err] The general configuration of a fiber resin matrix fabric prepreg
according to the present invention is illustrated in the drawings. As seen
in Figure 1, the bi-layer prepreg fabric sheet 10 of the invention is
comprised of two layers: A fiber resin matrix layer 30 and a thin interleaf
layer 20. The fiber resin matrix 30 is comprised of a fabric 11 made of
interwoven tows of bundled high-strength reinforcing filaments, and fabric
11 is coated and impregnated with a thermosetting epoxy resin composition
12. Adjacent said fiber resin matrix layer 30 is interleaf layer 20,
comprising a modified epoxy resin composition 22 (containing a rubbery
vinyl addition polymer) supported by fibrous mat or carrier 21 made of
lightweight supporting fibers. Figure 2 illustrates the structure of fabric
11. wherein tows 13 are interwoven to form a high-strength fabric sheet.
Figure 3 illustrates the construction of tows 13 from bundles of individual
reinforcing filaments 14, numbering approximately 1,000 to 12,000 per tow
13. The general configuration of the non-woeven or woven fibrous mat or
carrier 21 that supports the modified resin composition 22 of interleaf
layer 20 is detailed in Figure 4, wherein the non-woven, random arrangement
of the lightweight supporting fibers 23 is shown. Bi-layered sheets 10 are
typically stacked to form a prepreg laminate which is, in turn, shaped and
cured to provide high performance fabric resin matrix composites, that is,
fiber resin matrix composites wherein the reinforcing fiber matrix is in
the configuration of a high-strength woven fabric. It has been discovered
that in order to provide the unique advantages of the present invention,
the thermosetting resin compositions, that is, the matrix resin (which
coats the reinforcing filaments), and the interleaf resin must exhibit
specific properties. The matri> resin, when tested "neat", or without
reinforcement, must show a minimum stiffness when subjected to shear
forces, especially at high temperatures and under wet conditions. The
matrix resin must have a shear modulus of at least 6.33 x [err] kg/sqm
(90,000 psi) under hot, dry conditions, e.g., when subjected to shear at
[err] [err] or a shear modulus of at least 3.52 x [err] kg/sqm (50,000 psi)
under hot, wet conditions, e.g., when subjected to shear at [err]  after
soaking in water at [err]  for 14 days. It is also necessary that the
matrix resin have a shear modulus above about 7.03 x [err] kg/sqm 100,000
psi) at room temperature and extremely low temperatures, i.e., [err]
however, this is ordinarily the case where the modulus at 82.2-[err]  is as
high as 3.52 x [err] kg/sqm (50,000 psi). Preferred matrix resin
compositions will show an initial shear modulus of 6.33 x [err] kg/sqm
(90,000 psi) or above under hot, wet conditions, and will show an initial
shear modulus of 9.14 x [err] kg/sqm (130,000 psi) or above at room
temperature and low temperatures. The most preferred thermosetting 55
resins for use as a matrix resin will also exhibit high strength, for
example an ultimate stress over 2.11 x 106 kg/sqm (3000 psi), most
preferably 3.52 x [err] kg/sqm (5000 psi) or above. The interleaf resin
must also exhibit a minimum initial shear modulus, and in addition the
interleaf resin must show elongation above a minimum stress. This initial
modulus is believed to transfer loads between the layers of the reinforcing
fibers without large deformation of the structure. For the purposes 60
herein the interleaf material must have an initial shear modulus above 3.52
x [err] kg/sqm (50,000 psi) at high temperatures, prefeably above 6.33 x
[err] kg/sqm (90,000 psi) at [err]  At room temperature the initial shear
modulus for the interleaf should be at least about 7.03 x 10 kg/sqm
(100,000   psi) (preferably at least 9.14 x [err] kg/sqm (130,000 psi)),
and at [err]  the shear modulus should be at least about 9.14 x 10 kg/sqm
(130,000 psi) (preferably at least 1.055 x [err] kg/sqm (150,000 65 psi));
however, as with the matrix resin, such values at room temperature and low
temperatures would be 6    EP 0156148 B1 expected with high shear modulus
at elevated temperatures. Most preferably, the interleaf resin will be
slightly soluble in the uncured or partially cured thermosetting matrix
resin at temperatures used to form the composites. This aids in providing
adhesive bonding at each interface. The interleaf resin must, of course,
also be able to survive the curing temperatures, usually about [err]  that
the composites 5  are subjected to. The interleaf resin shows an initial
rigidity (high modulus) when subjected to shear but at a certain 



level of shear stress, shows elongation (high ultimate strain). The point
at which the resin begins to show high elongation in response to stress is
the "yield strength" of the resin and for the purposes herein, this must be
at least about 2.11 x 106 kg/sqm (3000 psi) at high temperatures. Most
preferred interleaf resins 10 will have a room temperature yield strength
of at least about 4.22 x [err] kg/sqm (6000 psi) and a high temperature
yield strength of at least about 3.52 x [err] kg/sqm (5000 psi).
DESCRIPTION OF THE PREFERRED EMBODIMENTS In order that those skilled in the
art may better understand the practice of the invention, the following
examples are included by way of illustration, and not by way of limitation
EXAMPLES The following resin formulations were prepared in order to test
the improvement of the present invention: 20 parts by Resin A
weight tetra(4,4')N-glycidyl methylene dianiline (Ciba Geigy Araldite'
MY-720)                               80 polyglycidyl ether of ortho-cresol
formaldehyde 30                novolac (Ciba Geigy ECN-1273)
20 diaminodiphenyl sulfone (Ciba Geigy Eporal[err]  HT-976)
35 35             fumed silica [err] (Cabot Cab-o-[err] M-5)
6 reaction product of toluene diisocyanate and dimethylamine
1 Resin B tetra(4,4')N-glycidyl methylene dianiline (Ciba Geigy
Araldite[err] MY-720)                               80 45 tetraglycidoxy
tetraphenylethane (Shell Epon[err] 1031)
20 Trimethylene glycol di-para-amino-benzoate 50               fumed silica
[err]                                          44 fumed silica [err] (Cabot
[err] M-5)                                       6 55              reaction
product of toluene diisocyanate and dimethylamine
1 60 65 7    EP 01 56 148 B1 Resin C (interleaf resin) An interleaf resin
composition was prepared according to the following formulation. The
following pre-mix was charged to a vessel and prepared in situ at [err]
for four hours: 5 parts by Part A
weight 10 carboxylic-functional butadiene/acrylonitrile polymer (Goodyear
Hycar[err] 1472)                           12 diglycidyl ether of
tetrabromo bisphenol A (Dow DER[err] 542)
65 diglycidyl ether of bisphenol A (Dow DER[err] 331)
65 20             bisphenol A
2 triphenyl phosphine                                         0.1 



diaminodiphenyl sulfone 25              (Ciba Geigy Eporal[err] HT-976)
6.0 The pre-mix, or "prereact", was then charged to a vessel with the
following additional ingredients: parts by weight prereact (Part A)
150.1 Part B 35 tetra(4,4')N-glycidylmethylene dianiline
36.0 diaminodiphenyl sulfone                                   16.0 40
dicyandiamide (American Cyanamid)                          8.0
carboxylic-functional butadiene-acrylonitrile polymer     12.0 titanium
dioxide                                           1.0 45 Amaplast yellow,
dye                                       0.05 Green 2 Base, dye
0.05 50    Fiber resin matrix prepreg fabrics were prepared by coating the
above formulations on high-strength reinforcing fabric woven from 3,000
filament count tows of CELION[err] high-strain graphite fiber (Celanese
Plastics and Speciality Company), forming a fabric approximately 0.018 cm
(0.007 inch) thick, having approximately 7 to 8 tows per inch. The fabric
was coated to have a resin content of about 40%-45% by weight. In samples
where an interleaf layer was included, the interleaf resin composition
(Resin C) was 55 applied in amounts between about 0.049 to 0.146 kg/[err]
(0.01 to 0.03 pounds per square foot (psf)). In samples where a supporting
non-woven fibrous mat was included, the mat was composed of Reemay 2105
lightweight spun polyester fiber, formed on a screen from a fibrous slurry.
The mats weighed approximately 0.0146 kg/[err] (.003 pounds per square foot
(psf)) and are similar to the gauzy supports used with film adhesives. Such
mats added about 3-4% to the weight of the composites. 60    A series of
fiber resins matrix composite samples using graphite fabric were prepared
from matrix resins A and B. interleaf resin C. and the Reemay 2105 mat.
Prepreg fabric sheets were formed into 18-ply laminates, the orientation of
the fabric weave being alternated according to the same quasi-isotropic
partern, and the 18-ply laminates wee then autoclave cured two hours at
176.7C and 70,310 kg/sqm (350F and 100 psi) pressure. The cured composites
were cut into 10.16 cm x 15.24 cm (4" x 6") panels and tested 65 for
compression strength after falling dart impact. The following results were
observed: 8    EP 0 156 148 B1 [err]    EP 0156 148 B1 A direct comparison
of a Resin A composite, a Resin B composite and an interleafed composition
according to the present invention using the fiber resin matrix with Resin
B and the mat-supported interleaf layer using Resin C was also performed.
12-ply composites were tested for compression strength (warp) at room
temperature, [err] and [err]  and [err] after immersion of the test panel
in [err] 5 water for two weeks. 18-ply panels were subjected to compression
strength after impact 6675 joules/m (1500 in-lb/in impact energy). Resin A
and Resin B laminates were prepared from 40% resin content prepreg fabric;
interleafed Resin B/Resin C laminates were prepared from 45% resin content
prepreg. The following results were observed: TABLE II Interleafed Resin A
Resin B       Composite all conversions here are to megapascals Compression
Strength after 6675 joules/m (1500 in-lb/in) impact (ksi)
203.4 (29.50)   222.4 (32.26)   273.1 (39.62) 20         Compression
Strength 



(warp) (ksi) at room temp.                     713.5 (103.5)   746.6
(108.3)   692.2 (100.4) at [err]                 615.6 (89.3)    606.7
(88.0)    544.6 (79.0) at [err]             488.1 (70.8)    434.3 (63.0)
426.7 (61.9) [err] = sample immersed in water at [err]  for two weeks. Many
variations of the invention will suggest themselves to those skilled in
this art in light of the above detailed description, and all such obvious
variations are within the full intended scope of this invention. For
example, other reinforcing filaments, such as carbon, silicon carbide,
boron ararnide polyester, polyamide, and rayon, or metal-coated, such as
nickel- and/or silver-coated such filaments and fibers, alone 35 or in any
combination, can be used. Alternative supporting filaments for the
lightweight fibrous mat or carrier may also be used, including glass,
graphite polyaramide, etc. Matrix resin and interleaf resin formulations
also can be varied in weight ratio widely, depending on the precise
properties desired and the intended use. By way of illustration, where the
preferred embodiment of the examples is used, the preferred weight ratios
are as follows: 40 Parts by Weight, Matrix Resin
Preferred       Most Preferred (i) tetra (4.4') N-glycidyl dianiline
50-100            75-85 (ii) tetraglycidoxy tetraphenylethane
0-50             15-25 (iii) trimethylene glycol di-para-aminobenzoate
28-60             35-45 50 (iv) fumed silica
0-12              5-7 (v) reaction product of toluene diisocyanate and
[err]                               0.1-2.5           0.1-2.5 55 60 65 10
EP 0 156148 B1 The interleaf resin, Parts A and B likewise can be mixed in
broad ranges, but preferably, and most preferably the weights of
ingredients used will fall in the following ranges: Parts by Weight
Interleaf PART A                                   Preferred      Most
Preferred (i) a carboxylic-functional butadiene- acrylonitrile copolymer
6-18            10-15 (ii) diglycidyl ether of tetrabromobisphenol A
0-130            55-75 (iii) diglycidyl ether of bisphenol A
0-130            55-75 15     (iv) bisphenol A
1-6             1-3 (v)  triphenyl phosphine
0.05-0.25        0.05-0.15 (vi) diaminodiphenyl sulfone
2-12              3-9 Interleaf, PART B (i) tetra (4,4') N-glycidyl
methylenedianiline      25-50             30--40 25    (ii) diaminodiphenyl
sulfone                         10-30            10-20 (iii) dicyandiamide
2-12              5-10 (iv) a carboxylic functional butadiene- 35
acrylonitrile copolymer                           6-18            10-15 (v)
titanium dioxide                                0.5-1.5         0.05-1.5 35
Wide proportions of Part A to Part B can be used, but preferably, from 75
to 200 parts by weight of Part A will be [err]  for each 100 parts by
weight of Part B. Claims 1. A method for producing an interleafed fiber
resin matrix prepreg fabric comprising (1) incorporating a non-woven or
woven fibrous mat or carrier of lightweight supporting filaments into an
interleaf resin composition comprising (a) a first thermosetting epoxy
resin composition containing 45     (b) about 8% to 70% by weight of a
rubbery vinyl addition polymer to provide a supported interleaf 



resin layer; and (2) introducing said support interleaf resin layer to at
least one surface of a fiber resin matrix comprising (a) a fabric of
high-strength reinforcing filaments and 50     (b) a second thermosetting
epoxy resin composition coating and impregnating said fabric. 2. The method
of Claim 1, wherein said first thermosetting epoxy resin composition
exhibits shear modulus of at least 3.52 x [err] kg/[err] (50,000 psi) and
yield strength of at least 2.11 x [err] kg/[err] (3,000 psi) at high
temperatures, and shear strain to failure of at least 6% at [err]  and at
least 15% at room temperature; and said second thermosetting epoxy resin
composition exhibits shear modulus of at least 55  6.33 x [err] kg/[err]
(90,000 psi) at high temperatures [err] or at least 3.52 x [err] kg/[err]
(50,000 psi) at high temperatures under wet conditions [err] after soaking
in water at [err] for 14 days). 3. The method of Claim 1, wherein said
supporting filaments are selected from the group consisting of lightweight
glass, carbon, graphite, polyaramide, polyester, and cellulosic filaments.
4. The method of Claim 1, wherein said fabric is comprised of interwoven
tows containing from about 60  1,000 to 12,000 high-strength reinforcing
filaments. 5. The method of Claim 4, wherein said reinforcing filaments are
selected from the group consisting of glass, carbon, graphite, silicon
carbide, boron, polyaramide, polyester, polyamide, rayon, poly-
benzimidazole, and polybenzothiazole filaments, and metal-coated such
filaments. 6. The method of Claim 1, wherein said rubbery vinyl addition
polymer comprises about 8% to 24% by 65  weight of said interleaf resin
composition, said second thermosetting epoxy resin composition comprises
EP 0156148 B1 The interleaf resin, Parts A and B likewise can be mixed in
broad ranges, but preferably, and most preferably the weights of
ingredients used will fall in the following ranges: Parts by Weight 5
-                                                            _ Interleaf
PART A                                   Preferred     Most Preferred (i) a
carboxylic-functional butadiene- acrylonitrile copolymer
6-18             10-15 10 (ii) diglycidyl ether of tetrabromobisphenol A
0-130            55-75 (iii) diglycidyl ether of bisphenol A
0-130           55-75 (iv) bisphenol A
1--6             1-3 (v) triphenyl phosphine
0.05-0.25        0.05-0.15 (vi) diaminodiphenyl sulfone
2-12              3-9 20 Interleaf, PART B (i) tetra (4,4') N-glycidyl
methylenedianiline      25-50            30-40 (ii) diaminodiphenyl sulfone
10-30            10-20 (iii) dicyandiamide
2-12             5-10 (iv) a carboxylic functional butadiene- 30
acrylonitrile copolymer                          6-18             10-15 (v)
titanium dioxide                               0.5-1.5          0.05-1.5 35
Wide proportions of Part A to Part B can be used, but preferably, from 75
to 200 parts by weight of Part A will be [err]  for each 100 parts by
weight of Part B. Claims 40 1. A method for producing an interleafed fiber
resin matrix prepreg fab.ic comprising (1) incorporating a non-woven or
woven fibrous mat or carrier of lightweight supporting filaments into an
interleaf resin composition comprising (a) a first thermosetting epoxy
resin composition containing 45     (b) about 8% to 70% by weight of a
rubbery vinyl addition polymer to provide a supported interleaf resin
layer; and (2) introducing said support interleaf resin layer to at least
one surface of a fiber resin matrix comprising (a) a fabric of
high-strength reinforcing filaments and 



50     (b) a second thermosetting epoxy resin composition coating and
impregnating said fabric. 2. The method of Claim 1, wherein said first
thermosetting epoxy resin composition exhibits shear modulus of at least
3.52 x [err] kg/[err] (50,000 psi) and yield strength of at least 2.11 x
[err] kg/[err] (3,000 psi) at high temperatures, and shear strain to
failure of at least 6% at [err]  and at least 15% at room temperature; and
said second thermosetting epoxy resin composition exhibits shear modulus of
at least 55  6.33 x [err] kg/[err] (90,000 psi) at high temperatures [err]
or at least 3.52 x [err] kg/[err] (50,000 psi) at high temperatures under
wet conditions [err] after soaking in water at [err] for 14 days). 3. The
method of Claim 1, wherein said supporting filaments are selected from the
group consisting of lightweight glass, carbon, graphite, polyaramide,
polyester, and cellulosic filaments. 4. The method of Claim 1, wherein said
fabric is comprised of interwoven tows containing from about 60 1,000 to
12,000 high-strength reinforcing filaments. 5. The method of Claim 4,
wherein said reinforcing filaments are selected from the group consisting
of glass, carbon, graphite, silicon carbide, boron, polyaramide, polyester,
polyamide, rayon, poly- benzimidazole, and polybenzothiazole filaments, and
metal-coated such filaments. 6. The method of Claim 1, wherein said rubbery
vinyl addition polymer comprises about 8% to 24% by 65 weight of said
interleaf resin composition, said second thermosetting epoxy resin
composition comprises    EP 0156148 B1 about 35% to 60% by weight of said
fiber resin matrix, and said fibrous mat or carrier comprises less than 5%
by weight of the interleafed fiber resin matrix prepreg fabric. 7. The
method of Claim 6, wherein a crosslinked interface is formed between said
interleaf resin layer and said fiber resin matrix. 8. The method of Claim
1, wherein said first and second thermosetting epoxy resin compositions
are, independently, comprised of epoxy compounds selected from the group
consisting of polyglycidyi ethers of polyfunctional phenols, polyglycidyl
ethers of the chlorination or bromination products of polyvalent phenols,
polvalvcidyl ethers of novolacs, polyepoxy compounds derived from aromatic
arnines and epichlorohydrin, and mixtures thereof. 9. The method of Claim
2, wherein said first and second thermosetting epoxy resin compositions
both exhibit an ultimate shear stress above about 2.11   [err]  kg/[err]
(3,000 psi). 10. The method of Claim 8, wherein said epoxy resin
compositions further include curing agents. 11. The method of Claim 10,
wherein said curing agents are diamines. 12. The method of Claim 11,
wherein said diamines are selected from the group consisting of diamino-
diphenyl sulphone  diaminodiphenyl methane. and phenylenediamine. 13. The
method of Claim 1, wherein said rubbery vinyl addition polymer is a
homopolymeric or copolymeric diene rubber derived from a conjugated diene
having 4 to 8 carbon atoms. 14. The method of Claim 13, wherein said vinyl
addition polymer is a butadiene-acrylonitriie polymer or a
carboxycylic-functional butadiene acrylonitrile polymer. 15. An interleafed
fiber resin matrix prepreg fabric comprising (A) a fiber resin matrix
comprising (i) a fabric of interwoven high-strength reinforcing filaments
coated and impregnated with (ii) a thermosetting epoxy resin composition,
and (B) a discrete interleaf resin layer on at least one surface of said
fiber resin matrix comprising (i) a thermosetting epoxy resin composition
and (ii) about 8%  to 70% by weight of a rubbery vinyl addition polymer
the improvement comprising a fibrous mat or carrier of lightweight
supporting filaments incorporated into said interleaf resin layer. 16. The
prepreg fabric of claim 15, wherein said fiber resin matrix (A) comprises
40 to [err] by weight high-strength filaments interwoven to form a
reinforcing fabric. and in 30% to 60%  by weight of a first thermosetting
epoxy resin composition coating said fabric, said first epoxy resin
composition comprising (a) a polyepoxide compound or combination of
polyepoxide compounds. and lb) a curing agent effective to catalyze
polymerization of said polyepoxide compound and said discrete interleaf
resin layer (B) comprises (i) a non-woven or woven fibrous mat or carrier
of lightweight supporting filaments, and (ii)  a second thermosetting epoxy
resin composition coating said non-woven or woven fibrous mat or carrier,
said second epoxy resin composition comprising (a) a polyepoxide compound
or a combination of polyepoxide compounds, (b) about 8% by weight of a
rubbery vinyl addition polymer, and (c) a curing agent effective to
catalyze polymerization of said polyepoxide compound. 17. The prepreg
fabric of Claim 16, wherein said first thermosetting epoxy resin
composition exhibits 



shear modulus of at least 3.52 x 10' kg/[err] (50,000 psi) and yield
strength of at least 2.11 x [err] kg/[err] (3,000 psil at high
temperatures, and shear strain to failure of at least 6% at [err]  and at
least 15% at room temperature: and said second thermosetting epoxy resin
composition exhibits shear modlulus of at least 6.33 x [err] kg/[err]
(90.000 psi) at high temperatures or at least 3.52 x [err] kg/[err] (50,000
psi) at high temperature under wet conditions. 18. The prepreg fabric of
Claim 16, wherein said supporting filaments are selected from the group
consisting of lightweight glass, carbon, graphite, polyaramide, polyester,
and cellulosic filaments. 19. The prepreg fabric of Claim 16, wherein said
fabric is comprised of interwoven tows containing from about 1,000 to
12,000 high-strength reinforcing filaments. 20. The prepreg fabric of Claim
19, wherein said reinforcing filaments are selected from the group
consisting of glass, carbon, graphite, silicon carbide, boron, polyaramide,
polyester, polyamide, rayon, polybenzimidazole, and polybenzothiazole
filaments, and metal-coated such filaments. 21. The orepreg fabric of Claim
20, wherein said rubbery vinyl addition polymer comprises about 8% to 24%
by weight cf said interleaf resin composition, said second thermosetting
epoxy resin composition comprises about 30% to 60% by weight of said fiber
resin matrix, and said non-woven or woven fibrous mat or carrier comprises
less than 5% by weight of the interleafed fiber resin matrix prepreg
fabric. 22. The prepreg fabric of Claim 16, wherein a cross-linked
interface is formed between said interleaf resin layer and said fiber resin
matrix. 23. The prepreg fabric of Claim 16. wherein said first and second
thermosetting epoxy resin compositions are, independently, comprised of
epoxy compounds selected from the group consisting of polyglycidyl ethers
of polyfunctional phenols, polyglycidyl ethers of the chlorination or
bromination products of polyvalent phenols, polyglycidyl ethers of
novolacs, polyepoxy compounds derived from aromatic amines and
epichlorohydrin, and mixtures thereof. 24. The prepreg fabric of Claim 17,
wherein said first and second thermosetting epoxy resin compositions both
exhibit an ultimate shear stress above about 2.11 x [err] kg/[err] (3,000
psi). 25. The prepreg fabric of Claim 23, wherein said epoxy resin
compositions further include curing 55 agents.    EP  0 156 148 B1 26. The
prepreg fabric of Claim 25, wherein said curing agents are diarnines 27.
The prepreg fabric of Claim 26, wherein said diamines are selected from the
group consisting of diaminodiphenyl sulphone, diaminodiphenyl methane, and
phenylenediamine. 28 The prepreg fabric of Claim 16, wherein said vinyl
addition polymer is a homopolymeric or copolymeric diene rubber derived
from a conjugated diene having 4 to 8 carbon atoms. 29. The prepreg fabric
of Claim 28, wherein said vinyl addition polymer is a
butadiene-acrylonitrile polymer or a carboxycyclic-functional
butadieneacrylonitrile polymer. Patentanspruche 1. Verfahren zur
Herstellung eines Faser-Harzmatrix-Prepreg-Materials mit Zwischenschicht,
urmfassend (1) Einverleibung einer nicht gewebten oder gewebten, tasrigen
Matte oder Tragerstruktur aus Leicht- gewvichtstutzfulamenten in eine
Zwischenschicht-Harzmasse. umfassend (a) eine erste, warmehartende
Epoxy-Harzmasse, enthaltend (b) etwa 8 bis 70 Gew.-% eines kautschukartigen
Vinyladditionspolymeren zur Schaffung einer gestutzten
Harz-Zwischenschicht: und (2) Einfuhrung diese gestutzten
Harz-Zwischenschicht in mindestens eine Oberflache einer Faser- Harzmatrix.
umfassend oal einen Stoff aus hochfesten. verstarkten Filamenten und (b?
eine zweite, warmeh~rnende Epoxy-Harzmasse. mit der der Stoff beschichtet
und impragniert ist. 2. Verfahren gemaR Anspruch 1, wobei die erste.
wbrmehartende Epoxy-Harzmasse ein Schermodul von mindestens 3,52 e 10'
kg/mr2 50.000 psi) und eine Streckgrenze von mindestens 2.11 x 106 kg/r2
i3.000 psi) bei hohen Temperaturen zeigt und eine Scherbeanspruchung bis
zum Bruch von mindestens 6% tei -55'C i-67'F) und von mindestens 15% bei
Zimmertemperatur; und die zweite, warmehartende Epoxy-Harzmasse ein
Schermodul von mindestens 6.33 x 10' kg/M2 490.000 psi) bei hohen
Temperaturen (82.2 bis 132,2C) oder mindestens 3.52 x 10' kg/m2 bei hohen
Temperaturen unter nassen Bedingungen 182.2 ois 132,2C nach Eintauchen in
Wasser bei 71,10C fur 14 Tage). 3. Verdahren gemal3 Anspruch 1, wobei die
stutzenden Filamente ausgewahlt sind aus der Gruppe 



bestenend aus Leichtgewichtglas-, Kohlenstoff-, Graphit-. Polyaramid-,
Polyester- und Cellulose- filamenten. 4. Verfahren gemanB Anspruch 1, wobei
der Stoff aus miteinander verwobenen Tauen, enthaltend von etwa 1.000 bis
12.000 hochfeste, verstarkende Filamente, besteht. 5 Verfahren gemaB
Anspruch 14, wobei die verstarkenden Filamente ausgewahit sind aus der
Gruppe bestehend aus Glas-, Kohlenstoff-, Graphit-, Siliciumcarbid-, Bor-,
Polyaramid-, Polyester-, Polyamid-, Rayon-. Polybenzimidazol- und
Polybenzbthiazolfilamenten, sowie derartigen Filamenten mit Metall-
beschichtung. 6. Verfahren gemaB Anspru-h 1, wobei das kautschukartige
Vinyladditionspolymere etwa 8 bis 24 Gew. -%Y der Zwischenschicht-Harzmasse
ausmacht, die zweite, warmehartende Epoxy-Harzmasse etwa 35 bis 60 Gew.-%
der Faser-Harzmatrix ausmacht und die fasrige Matte oder Tragerstruktur
weniger als 5 Gew. -% des mit Zwischenschicht versehenden
Faser-Harzmatrix-Prepreg-Materials ausmacht. 7. Verfahren gemaB Anspruch 6,
wobei eine vernetzte Grenzflache ausgebildet ist zwischen dem
Zwischenschicht-Harz und der Faser-Harzmatrix. :. Verfahren gemAS Anspruch
1, wobei die erste und die zweite warmehartende Epoxy-Harzmasse unabhangig
aufgebaut sind aus Epoxy-Verbindungen, ausgewahit aus der Gruppe bestehend
aus Poly- glycidylethern von polyfunktionellen Phenolen, Polyglycidylethern
der Chlorierungs- oder Bromierungs- produkte von polyvalenten Phenolen,
Polyglycidylethern von Novolacken, Polyepoxy-Verbindungen, die von
aromatischen Arninen und Epichlorhydrin stammen, und Mischungen derselben.
*  5..  9. Verfahren gemaB Anspruch 2, wobei die erste- und die zweite
warmehirtende Epoxy-Harzmasse beide eine Grenzschersparnung oberhalb etwa
2,11 x 10i kg/m2 (3.000 psi) zeigen. 10. Vcdahren gemaB3 Anspruch 8, wobei
die Epoxy-Harzmassen ferner HArtungsmittel einschliegen. 11. Verfahren
gemaB Anspruch 10, wobei die Hirtungsmittel Diamine sind. 12. Verfahren
gemaB Anspruch 1 1, wobei die Diamine ausgewihlt sind aus der Gruppe
bestehend aus Diaminodiphenylsulfon, Diaminodiphenylmethan und
Phenylendiamin. 13. Verfahren gemaB Anspruch 1, wobei das kautschukartige
Vinyladditionspolymere ein homopolymerer oder copolymerer Dienkautschuk
ist, der aus einem konjugierten Dien mit 4 bis 8 Kohlenstoffatomen stammt.
14. Verfahren gem66 Anspruch 13, wobei das Vinyladditionspolymere ein
Butadien-Acrylnitril- 6. polymeres oder ein carboxylisch-funktionelles
Butadien-Acrylnitrilpolymeres ist. 15. Faser-Harzmatrix-Prepreg-Stoff mit
Zwischenschicht, umfassend (A) eine Faser-Harzmatrix, umfassend (i) einen
Stoff aus verwobenen, hochfesten, verstarkenden ,-ilamenten, beschicntet
und impragniert mit (ii) einer warmehartenden Epoxy-Harzmasse und (B) eine
diskrete Zwischenschicht-Harzschicht auf mindestens einer Oberflache der
Faser-Harzmatrix, * E   umfassend Gi) eine warmehartende Epoxy-Harzmasse
und (ii) etwa 8 bis 70 Gew.-% eines kautschukartigen    w  *     .
.    .            ~      ~~~~~~~~~~~~~~~~~~~~I 1111111 111111111111111 *
C   L  M   S  * EP 0156148 Bi Vinyladditionspolymeren, die Verbesserung
umfassend eine fasrige Matte oder Tragerstruktur aus Leicht-
gewichtstutzfilamenten, die dem Zwischenschicht-Harz e.nverleibt sind. 16.
Prepreg-Stoff gemalb Anspiuch 15, wobei die Faser-Harzmatrix (A) li) 40 bis
70 Gew.-%  hochfest3 Filamente umfa~lt. die untel Bildung eines
verstarkenden Staffs -ver-woben sind und (ii) 30 bis 60 Gew.-% einer
ersten, warmehartenden Epoxy HarmraSse. mit der der Stoff beschichtet ist,
wobei die erste Epoxv-Harzmasse ala eine Polyepoxid-Verbindung oder eine
Kombination von Polyepoxid Verbindungen und Ib) ein Hartungsmittel urnfa3t,
cas zur Katalyse der Polymerisation der Polyepoxid-Verbindungen wirksam ist
und wobei die diskrete Zwischenschicht-Harzschicht (B) 6;) eine nicht
gewebte- oder gewebte, fasrige Matte oder Tragerstruktur aus
Leichtgewichtstutz- filameaten umfaflt, und li) eine zweite. warmehartende
Epoxy-Harzmasse, mit der die nicht gewebte oder gewebte. fasrige Matte oder
Tragerstruktur beschichtet ist. wobei die zweite Epoxy-H3:zmasse (a) eine
Polyepoxid-Verbindung oder eine Kombination von Polyepoxid-Verbindungen,
lb) etwa 8 bis 70 Gew.-A eines kautschukartigen Vinyladditionspolymeren und
(c) ein Hartungsmiittel umfal3t, das bei der Katalyse der Polymerisation
der Polyepoxy-Verbindungen -;rksam ist. 



17 Prepreg-Stoff gemal3 Anspruch 16, wobei die erste. warmehartende
Epoxy-Harzmlasse ein Scnermodul von mindestens 3.52 x 10' kg/m2 (50.000
psi) und eine Streckgrenze von mindestens 2,11 x 106 kg/rm2 bei hohen
Temperaturen zeigt und eine Scherbeanspruchung bis zum Bruch von mindestens
6% ue. -55 C (-67 F) und von mindestens 15% bei Zimmertemperatur: und die
zweite, warmehartende Epoxv-Harzmasse ein Schermodul von mindestens 6,33 x
10' kg/rn2 (90.000 psi) bei hohen Temperaturen oder von mindestens 3,52 w
10' kg/mr (50.000 psi) bei hohen Temperzituren unter nassen Bedingungen
zeoqt. 18. Prepreg-Stoff gemaB Anspruch 16, wobei die stutzenden Filamente
ausgewahit sind aus der Qruooe bestehend aus Leichgewichtglas-.
Kohlenstoff-. Graphit-. Polyaramid-, Polyester- und Cellulose- fi~amenten.
9. Preoreg-Stoff gema(l Anspruch 16, wobei der Stoff aus verwobenlen Tauen,
enthaltend von 1.000 ts!s 12.000 nochfeste, verstarkende Filamente.
besteht. 20. Prepreg-Stoff geml31 Anspruch 19, wobei die verstarkenden
Filamente ausgewahit sind aus der GwuL)pe bestehend aus Glas-.
Kohlenstoff-, Graphit-, Siliciumcarbid-, Bor-, Polyaramid-, Polyester-,
Polvamid-, Rayon-, Polybenzimidazol- und Polybenzothia-olfilamenten, sowie
derartigen Filamenten mit Metallbeschichtung. 21. Prepreg-Stoff gemal3
Anspruch 20, wobei das kautschukartige Vinyladditionspolymere etwa 8 bis 24
Gew.-% der Zwischenschicht-Harzmasse ausmacht, die zweite, warmehanrende
Epoxy-Harzmasse etwa 30 bis 6C Gew.-% der Faser-Harzmatrix ausmacht und die
nicht gewebte oder gewebte fasrige Matte oder Tragerstruktur weniger als 5
Gew.-% des mit Zwischenschicht versehenen Faser-Harzmatrix-Prepreg- Stoffs
ausmacht. 22. Prepreg-Stoff gemaB Anspruch 16, wobei eine vernetzte
Grenzflache ausgebildet ist zwischen der Zwischenschicht-Harzschicht und
der Faser-Harzmatrix. 23. Prepreg-Stoff gemaB Anspruch 16, wobei die erste
und die zweite warmehartende Epoxy- Harzmasse unabhangig bestehen aus
Epoxy-Verbindungen, ausgewahIt aus der Gruppe bestehend aus
Polyglycidylethern  von  polyfunktionellen  Phenolen, Polyglycidylethern
von  Chlorierungs-  ader Bromierungsprodukten von polyvalenten Phenolen,
Polyglycidylethern von Novolacken, Polyepoxy- -' Verbindungen, die aus
aromatischen Aminen und Epichlorhydrin stammen, und Mischungen derselben.
24. Prepreg-Stoff gemal3 Anspruch 17, wobei die erste und die zweite
warmehartende Epoxy- Harzmasse beide eine Grenzscherspannung oberhalb etwa
2,11 x 10' kg/m2 (3.000 psi) aufweisen. 25. Prepreg-Stoff gema5 Anspruch
23, wobei die Epoxy-Harzmassen ferner Hartungsmittel umfassen. 26.
Prepreg-Stoff gema3B Anspruch 25, wobei die Hartungsmittel Diamine sind.
27. Prepreg-Stoff geman  Anspruch 26, wobei die Diamine ausgewahit sind aus
der Gruppe bestehend aus Diaminodiphenylsulfon, Diaminodiphenylmethan und
Phenylendiamin. 28. F.epreg-Stoff gemab  Anspruch 16, wobei das
kautschukartige Vinyladditionspolymere ein homopolymerer ader copolymerer
Dienkautschuk ist, der von einem konjugierten Dien mit 4 bis b Kohlen-
stoffatomen stammt. 29. Prepreg-Stoff gem3B Anspruch 28, wobei das
Vinyladditionspolymere ein Butadien-Acryinitril- polymeres oder ein
carboxylisch-funitionelles Butadien-Acryinitrilpolymeres ist.
Revendications 1. Procede de production d'un tissu pre-impregne forme d'une
matrice de resine-fibres et comportant une couche intercalaire, consistant
( 1)  incorporer un mat ou support fibreux tisse ou non tiss6, constitue de
filaments de support l6gers, dan;, une composition de resine de couche
intercalaire comprenant (a) une premiere composition de resine epoxy
thermodurcissable contenant 65 14    b  ^   .
.~~~~~~~~~~~~~~~~~~~~~~~I Ii 111111  Dii11111 111111111111 ,    X  C  L  N
S  * EP 0156148 BI (b) environ 8% a 70% en poids d'un polymere d'addition
vinylique caoutchouteux, pour former une couche de resine intercalaire
support6e; et (2) a appliquer ladite couche de resine intercalaire
supportee sur au moins une surface d'une matrice de resine-fibres
comprenant 5      (a) un tissu de filaments de renforcement a grande
resistance. et 



(b) une seconde composition de resine epoxy thermodurcissable enduisant et
impregnant ledit tissu. 2. Procede selon la revendication 1, dans lequel
ladite premier composition de resine 6poxy thermo- durcissable presente un
module de cisaillement d'au moins 3,52 x 107 kg/m2 150 000 psi) et une
limite elastique d'au moins 2,11 x 106 kg/m2 (3000 psi) A temperatures
elevees, et une deformation au c cisaillement a la rupture d'au moins 6% a
-55C (-67F) et d'au moins 15% a la temperature ambiante; et ladite seconde
composition de resine epoxy thermodurcissable presente un module de
cisaillement d'au moins 6,33 x 107 kg/M2 (90 000 psi) a temperatures
elevees (82,2 a 132,20C) ou d'au moins 3,52 x 10' kg/M2 (50 000 psi) a
temperatures elevees en conditions humides (82,2 a 132,2C apres trempage
dans l'eau .a 71,1C pendant 14 jours). !5     3. Procede selon la
revendication 1, dans lequel lesdits filaments de support sont choisis dans
le groupe forme par les filaments legers de verre, carbone, graphite,
polyaramide, polyester et cellulosiques. 4. Procede selon la revendication
1, dans lequel ledi. tissu est constitue de cAbles entre-tisses contenant
environ 1000 a 12 000 filaments de renforcement a grande resistance. 5.
Procede selon la revendication 4, dans lequel les filaments de renforcement
sont choisi dans le - groupe forme par les filaments de verre, carbone,
graphite, carbure de silicium, bore, polyaramide, polyester, polyamide,
rayonne, polybenzimidazole et polybenzothiazole, et de tels filaments
metallises. 6. Procede selon la revendication 1, dans lequel ledit polymere
d'addit'on vinylique caoutchouteux constitue environ de 8% A 24% en poids
de ladite composition de resine de couche intercalaire, ladite seconde
composition de resine epoxy thermodurcissable constitue environ de 35% a
60% en poids de -   ladite matrice de resine-fibres, et ledit mat ou
support fibreux constitue moins de 5% en poids du tissu pre- impregne forme
d'une matrice de resine-fibres et comportant une couche intercalaire. 7.
Procede selon la revendication 6, dans lequel une interface reticulee est
formee entre ladite couche de resine intercalaire et ladite matrice de
resine-fibres. 8. Procede selon la revendication 1, dans lequel lesdites
premiere et seconde compositions de resine 3L epoxy thermodurcissable sont,
independamment, constituees d'epoxydes choisis dans le groupe forme par les
ethers polyglycidyliques de phenols polyfonctionnels, les ethers
polyglycidyliques de produits de chloration ou de bromation de phenols
polyvalents, les ethers polyglycidyliques de novolaques, les poiyepoxydes
derivant d'amines aromatiques et d'epichlorhydrine, et leurs melanges. 9.
Procede selon la revendication 2, dans lequel lesdites premiere et seconde
compositions de resine 35'  epoxy thermodurcissable presentent toutes deux
une tension de cisail'ement a la rupture superieure A environ 2,11 x 10'
kg/mr2 (3000 psi). 10. Procede selon la revendication 8, dans lequel
lesdites compositions de resine epoxy comprennent de plus des agents
durcisseurs. 11. Procede selor ;a revendication 10, dans lequel lesdits
agents durcisseurs sont des diamines. 12. Procede selon la revendication
11, dans lequel lesdites diamines sont choisies dans le groupe forme par la
diaminodiphenylsulfone, le diaminodiphenylm6thane et la ph6nylene diamine.
13. Procede selon la revendication 1, dans lequel ledit polymere d'addition
vinylique caoutchouteux est un caoutchouc de diene homopolymere ou
copolymere d6rivant d'un diene conjugu6 ayant 4 a 8 atomes de carbone. 45
14. Procede selon la revendication 13, dans lequel ledit polymere
d'addition vinylique est un polymere butadiene-acrylonitrile ou un polymere
butadiene-acrylonitrile a fonctionnalit6 carboxylique. 15. Tissu
pre-impregne forme d'une matrice de r6sine-fibres et comportant une couche
intercalaire, comprenant. (A) une matrice de resine-fibres comprenant (i)
un tissu de filaments de renforcement a grande 50  resistance entre-tisses
enduits et impregn6s par (ii) une composition de r6sine epoxy
thermodurcissable, et (B) une couche de resine intercalaire distincte
disposee sur une surface au moins de ladite matrice de rdsine-fibres,
comprenant (i) une composition de resine epoxy therm6durcissable et (ii)
environ 8% a 70% en poids d'un polymbre d'addition vinylique caoutchouteux,
le perfectionnement residant dans un mat ou support fibreux de filaments de
support legers incorpores dans ladite couche de r6sine intercalaire. 55
16. Tissu pre-impregne selon la revendication 15, dans lequel ladite
matrice de resine-fibres (a) comprend (i) 40% a 70% en poids de filaments a
grande resistance entre-tiss6s pour former un tissu de renforcement, et
Oii) 30 a 60% en poids d'une premiere composition de resine epoxy
thermodurcissable enduisant ledit 60 tissu, ladite premiere composition de
resine 6poxy comprenant (a) un polyepoxyde ou une association de
polyepoxydes, et (b) un agent durcisseur efficace pour catalyser la
polym6risation dudit poly6poxyde; et ladite couche de r6sine intercalaire
distincte (B) comprend Mi) un mat ou support fibreux tisse ou non tiss6 de
filaments de support l6gers, et 



lii) une seconde composition de resine epoxy thermodurcissable enduisant
ledit mat ou support 65 fibreux tisse ou non tisse, ladite seconde
composition de resine 6poxy comprenant (a) un polyepoxyde ou    * C   L  M
S EP 0156148 Bt une association de polyepoxydes, (b) environ 8% a 70% en
poids d'un polymere d'addition vinylique caoutchouteux et (c) un agent
durcisseur efficace pour catalyser la polymerisation dudit polyepoxyde. 17.
Tissu pre-impregne selon la revendication 16, dans lequel ladite premiere
composition de resine bpoxy thermodurcissable presente un module de
cisaillement d'au moins 3,52 x 10' kg/m2 (50 000 psi) et une limize
blastique d'au moins 2,11 x 106 kg/m2 (3000 psi) a temperatures elevees, et
une deformation au cisaillement a la rupture d'au moins 6% a -550C (-67OF)
et d'au moins 15% a la temperature ambiante; et ladite seconde composition
de resine epoxy thermodurcissable presente un module de cisaillement -; au
moins 6,33 x 10' kg/m2 (90 000 psi) a temp ratures dIbvdes ou d'au moins
3,52 x 10' kg/r2 (50 000 psi) a temperatures blevees en conditions humides.
18. Tissu pre-impregne selon la revendication 16, dans lequel lesdits
filaments de support sont choisis dans le groupe formb par les filaments
Igers de verre, carbone, graphite, polyaramide. polyester et cellulosiqt
es. 19. Tissu pre-impregnb selon la revendication 16, dans lequel ledit
tissu est constitub de cables entre- tisses contenant environ 1000 a 12 000
filaments de renforcement a granae resistance. 20. Tissu pre-imprbgnb selon
la revendicaticn 19, dans lequel lesdits filaments de renforcement sont
choisis dans le groupe forme par les filaments de verre. carbone, graphite,
carbure de silicium, bore, polyaramide, polyester. polyamide, rayonne,
polybenzimidazt.e et polybenzothiazole, et de tels filaments metallises.
21. Tissu pre-impregne selon 13 revendication 20, dans lequel ledit
polymere d'addition vinylique caoutchouteux constitue environ 8%  a 24%  en
poids de ladite composition de resine de couche intercalaire, ladite
seconde composition de resine epoxy thermodurcissable constitue environ 30%
a 60% en poids de ladite matrice de resine-fibres, et ledit mat ou support
fibreux tissb ou non tissb constitue moins de 5% en poids du tissu
pre-imprbgnb formb d'une matrice de rbsine-fibres et comportant une couche
intercalaire. 22. Tissu pre-impregne selon la revendication 16, dans lequel
une interface rbticulbe est formee entre aite couche de rbsine intercalaire
et ladite matrice de rbsine-fibres. 23. Tissu prb-impregnb selon la
revendication 16, dans lequel lesdites premiere et seconde compositions de
rbsine epoxy thermodurcissable sont. independamment, constituees d'bpoxydes
choisis clans le groupe formb par les ethers polyglycidyliques de phenols
polyfonctionnels, les ethers poly- glycidyliques de produits de chloration
ou de bromation de phenols polyvalents, les ethers poly- giycidyliques de
novolaques, les polybpoxydes dbrivant d'amines aromatiques et
d'bpichlorhydrine, et leurs melanges. 24. Tissu pre-impregnb selon la
revendication 17, dans lequel lesdites premiere et seconde compositions de
rbsine epoxy thermodurcissable prbsentent toutes deux une tension de
cisaillement a la rupture superieure a environ 2,11 x 10' kg/m2 (3000 psi).
25. Tissu pre-impregne selon la revendication 23, dans lequel lesdites
compositions de resine epoxy contiennent de plus des agents durcisseurs.
26. Tissu prd-imDrdgne selon la revendication 25, dans lequel lesdits
agents durcisseurs sont des diamines. 27. Tissu prb-imprbgnb selon la
revendication 26, dans lequel lesdites diamines sont choisies dans le
groupe formb par la diaminodiphenylsulfone, le diaminodiphenylmethane et la
phenylene-diamine. 28. Tissu pre-impregne selon la revendication 16, dans
lequel ledit polymere d'addition vinylique caoutchouteux est un caoutchouc
de diene homopolymere ou copolymere d6rivant d'un diene conjugue ayant 4 a
8 atomes de carbone. 29. Tissu pre-impregnb selon la revendication 28, dans
lequel ledit polymere d'addition vinylique est un polymere
butadiene-acrylonitrile ou un polymere butadiene-acrylonitrile a
fonctionnalitb carboxylique. 5C 60    


