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esters or ar obetingpropattie)aiatively agltblasw&\mhtep:baiturearﬂ&lré)&ﬁwyhlgnst}aln@ofﬁmedﬂormﬁedmosne
20 exanpl e phiudtre otalterdatingliibgt resin ratrix apdinterleatrecin lagrgpi ¢ est er di gl ycidyl and

gl yci dyl est er s Top investinirecisies ip mdﬁﬁcﬂf thergopldstieiiterials aspartigularrinierieaf materials, making possible fiber
cydoal i phatlc’%ﬂ@&?‘bﬂ%ﬂ*’@f&&'ﬂmﬁd@e@@WMOsﬁ mol of a diol or 1/n nol

of a pol yol® w. t ﬁ"%w( 'P“'f ctofdfr's ippentian i erhenmateneieqmpneﬁsgu tnogligstic material,
esters, opti 0 'bézps eﬁgpg" s%th§|ﬂ§dne§|aqff§m the resin of the fiber
dycidyl et he Iay t8 a'? aéth?) in '"L?%T%?e'& frafeopic 'e"e':‘h:::
1, |4 buLelnedl OI" mgrlm 9&9 rl f esm ﬁ‘l |(sjpty%?ng e, the
pol yet hyl eng eM&P r{ r%ermlxmg of the interleat
pol ygl yci dyl yg ,gl val en s or exarrp

mer capt orret hyl aﬂaaﬁeﬂweawilpddnsu of fhb eréemmmsm.ﬁnﬁh&wm&% sﬁé&a%&&m el
sui habl e. Theasaenablity iowithstang PipRR 8dniab® Mhaité o‘éﬂpdsﬁHéUJﬁ&pré%erﬁernﬁwsmmat S\fg:?\:’ss

t he epoxy r esgraaterSesilancells shoar nﬁ@engrsamrmraueé of ifpact\WamdgR ahd§8eter Fdsistahcddo érdbk brdSagation
art, and pref thanr edvectional figer i matex dompositéscWith regpec exstatsedi-thesart tietnos g thteRgefs) thaner ther-
i ncl udi ng, bumoniastic flmssupesihgly are equialentriatticketthermbsetting fiisowith, resgectiaitheld thughn€ssyWith conven-
net hane, phentdnaliernasettingdnterieats; it isTiobpagsidleikrtemplby ipterleatthicknesses: below @baE Q035 rfind (0.081 inch)
particul ar appithretsionificant lossof toushpess ef the,compositey hﬂ"ﬁ@m astinigerleiiinl thecpiesent ingdtion may

the art and ﬁlf""%?‘fucawdkwwge&w t°n8'e|97derc,qf Q12 (wch)tw@ome@iarneeﬁecton toughness
conposi tioff P o i djt Q { refif and ot her factors.

way of ill ust dnﬁb'ﬂall r% o e oI o hgiprog ly 5’ ’°' 2“"°"9h
20 to 40 wei g Eal ?z p ﬁ Yo “m(ma""‘
based on the ,;,Q Mum d!

g Eﬁigll o I&% s:% elease paper 14
abe I
DI QENts, ) A5t bRt et S Dot ﬁqﬁﬁ% : . °:is§?f3'fﬁ1

addi tives anda fliePesmathehsPriidicd R talight i ube ﬁm@&ﬂaevof E@é'(féo

descri bed her @hdthdiedna peunde) bvegiad o (fifdbr ihdhf\seRtel dnsulldblRIR? broduRig Qﬁb

resin 35 conpo3hdfiders 2, the substrate 14 with resin layer 10 and the release paper 16 are delivered to 1he pressure roliers 8
and passed therethrough at the rate of 0.91-6.08 m/minute (3-20 fest/minute.
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The viscosity of the interleaf resin mghgo8g fagfgsi ciently high to provide
the interleaf with the necessary toughness and to naintain the interl eaf
resin as a di sThedsedoflfiber 2 bareidgsindzyertid @ the peesbuidrblies Sicsdiettedd prodiute a filser REIRviatDLLS 8040
menti oned, Iweigatpencent (pretesbly B4 ieigntipesdent) fetin andi6e-70 waight fiedentdeéforhbiycB6waightper8ént) fiber. For
| ayers is dexmpleal?p dlamentapf Sbearbo fwfsarerdeliipred Withing 0&eali(tivelosinah) widith bdipressunenliers 8

‘the resin ofithpayer phresin Q088 to 08 kg (933 10,018 powndstrietauareooth The resultiagsfiber resin mawix 18 is
fiber resin!ygfeinforced bya %{%‘9 clRd s¥res o filamentss Therpgfter, jap phown, i, FIGURE} 2, the release paper on one
obser ved th:gF ‘g'?ff'l“g "‘t"h remayed And.ihg fibgr painmatx; twmgiaﬁryetmwe rglfers
nodi fi.er wil f°f1 ﬁ'@grafmﬂrezt“fﬂ?eﬂﬁﬁﬁ"@@ﬁ 58N rreasurl ng | ess than

about~12 from#

nt4<5|to:|_acamer28
Prepare a_ I 'ﬂ
i nterl eaf” ﬁ

ﬁ' 'PF_
; Hﬁﬁfgre g2 i
: de 'ﬁfgﬁgﬁ o %gg
4 re
;(he)stsggﬁr :tact ?2? and ZT ﬁ%{'err psi ﬁgf'd "n%adhﬁ‘fe ar

‘al | resin t hatadiferRartEGebindfr R 3ohdobis 28 Y b BdJo&ean& o &35 %Pfléﬁﬁé‘é”' no
the curing st eme tehtorcirg filaMérteiidetlitan |§%&ﬂﬁtﬁ3ﬂ£§?ﬁﬂva§ﬁo§%ﬁ'\ra been otk

percent age, N, ThamoééitlnbWﬁmn%sﬁﬁﬁﬂoﬁhﬂlﬁ%ﬁMMH&rﬁﬂ'ﬁMemM rﬂi:deepoxy poly-
tri mmed, cuinsdb, bi$ malkihide arli@Cetydne-terminated resins. (wei ght

of uncured st cRolyimidas patentiallyusefolasmatiik résiris inthepiactios of fh presentirerepion inctlaé e polyfriidesdisclosed
per f or mance inkh3 &atent Nos; 3,528,850;13i745:1491:R3p,258f and4166/170he N fl ow nunber will be
bet ween F°5 arfi® malgimideesips which may bevermployéd ag sheanarix disivdnclude bimmalgimides biasedon the &fllowing
mat eri al i s "9MH®ed when the N flow nunber is above about 14. 6 4 EP O
327 142 Bl In addition to the flow characteristics of a resin,

i ndhgcation of the perfomance of |amgnated fiber resin ngrix corrp05|tes can
be gai ned,by subjecting cured sanplegs of the resi ns to s{ ear forces, and
nmeasuring the elongation (in cmiph ) @ on of pI|edforce(|n
N; | bs). The datafromthistés’-t)nle;ﬁ p ally generates a
curve that ends at the point of applyed fu ong i on where the

sanpl e breaks. Fromthis curve, the shear strain 5 and shear stress of the
resins cam be cal cul ated and the characteristic stress/strain curves

plotted. The testing procedure is described nore fully in Krieger, Jr.,

R E "Stiffness Characteristics of Structural Adhesives For Stress Analysis
in Hostile Environnent," American Cyanam d Co., Bl oom ngdale Plant, Havre

de Grace, MD (May, 1979), incorporated herein _by reference. When the fi ber
resin mat¥i x and interleaf resin are properly matched according to the
present invention, the shear 10 stress/strain curves at various
tenperatures for the matrix resin and the interleaf resin show hi gh nodul us
and ot her properties (yield, strain to failure, ultimate stress), discussed
in nmore dgtail below. In practice, the interleaf material of this invention
can be used to forma variety of different parts. For exanple, cover
structures for airplane parts may be fornmed of fiber resin matrix-interl eaf
sheats stacked and cured to form2.54 mm (0.1 0-inch) to 6.35 nm

(0.25-inch) thin structural parts, for exanple wi ng and fusel age

conponentss. The fabric sheeting

50



15 of th| s invention is suitable for prigpgey3orsisswit ures having the highest
performance requirements. The fiber resin matrix-interleaf fabric sheets
range in thi clwheraisthd isamerio sgedied ade theté) inetil ndtd) phtl br par@, gara04 | nch). the thickness
varyi ng accor dndX=Chz-r®s$-yorcontent, type of fabric used, fiber count, etc.
The fiber resin matrix-interleaf fabric sheets are al.so commonly | am nated
with the direction of the fabric weave oriemged in different directions,
e.g., 00 arid [err] relative, depending on the, stress requirements of t he
part. 20 The relative thickness of the fabric resin matrix layer will
be in the range of about 0.12 mmto 0.35 nm (0.005 in to 0.014 in). The
degréé of elongation aftqﬁdyeacQﬁpg t he eld point is inportant. The
dinterleaf resin nust have an ovef@ | eloge_gation or strain to failure of
‘at |least 6% preferably 9% at c— dv% and a strain to failure at room
tenperature of at |east about pref er y 25%)or greater. This property
is less inportant at el evated tfiperatures, but ‘preferred 25 interl eaf

resins will have a strain to faMwure of over 20% nost preferably over 50%
at [err] Asundamental dis ry rlying the present invention is that a
resin having particular mechaw properties, when used to provide thin,

di screte layers between fiber-reinforced l-ayers of a fiber resin matrix
conposite, results in a conposite having uni que toughness, shear

resi stance, and resistance to inpact damage, and these properties are
nalntalnedaat el evated tenmperatures, e.g., up to [err], and even higher.
This performance is achi{éddd by 30 pairing D matri x resin having

particul ar hi gh-tenperature properti Q g‘[.a*‘ erm) |%StIC interleaf resin
havhag adhesi ve bondi ng properties, | EsPAX2nsi tifon
tamaaUM%amiaraaUvayrum1ﬂrAntotmlmetofonnacmm%Hﬁ
structure of alternating fiber resin trix and interleaft resin | ayers.
This invention resides in the useﬁgﬁ’ hqrnoplastic materials as particul ar

interl eaf materials, making possP @ resin matrix and interleaf resin
conposi tes of superior toughness. It is a particularly significant
aspect of tshis invention that the interleaf material conprises a
thernoplastic material, that it contains at nost a mnor portion of
thernosetting materials and that the interleaf resin and the resin of the
fiber resin matrix aqqxqufficientlm?conpatibIe to forman adpyesi ve bond at

the resin interface. On a m crosc I , re may be a Leztrenelg thin
| ayer at t®e matrix resin/interl efpff resin er ~LhargCt erjlst f caB
adhesi ve-type bondi ng, where the {heyhopl agfii c ¢yt er | €@ erdfal di ssol ves

slightly in the matrix resin; howeWr, aside3fron3this dondi$fig i nterface,
the 40 interleaf material nust be apable of maintaining a discrete
interleaf lgayer, and no general interm xing of the interleaf |ayer and
resin matrix | ayer occurs. The interleafed conposites of the present

i nvention exhibit high conpression, tensile and flexural strengths as well
as ¢t ability to withstand i npact damage. The interl eafed conposites of

t he present invention show greater toughness, gr er gesistance to shear
i npact greater tolerance of inpact damage and gdzgi@r éesistance to crack

er resi Bt ri XNg© ites. QVVth
nopl astic filns surprisingly are €

'H@_Q@Lng.tbeaf s, th
al N/t 6 1 hi cker t her mos g filns,
with respect to their toughness. Wt%h conven- tional thernosetti

interleafs®it is not possible to enploy interleaf thicknesses beIOM/about
0.025 mm (0.001 inch) wthout significant |loss of toughness of the
conposite, however the thernoplastic interleaf in the present invention may
be utilized at such | ow thicknesses, e.g., on the order of 0.012 nmm (0. 0005
.inch), wthkput adverse effect on toughness 50 properties. As seen in
FIGURE 1, the basic fiber matrix material nmay be produced by delivering
reinforcing filanments 2 through conventional eye-boards 4 and 6 to a
pressure roller assenbly 8. The curable thernp-setting resin conposition
(matrix resin) is coated in a layer 10 froma conventional filmcoating
applicator 12 onto a substrate such as rel ease paper 14 and passed through
the pressure roller assenbly 8. Rel ease paper 16 is also delivered to the
pressure roller assenbly 8.

propagation 45 than conventional fi
respect to state-of-g@g—art t her




¥ T
55 The pressure rollers 8 are set gpggdzgpgrature and pressure for
I mbedding the fibers 2 in the resin layer 10 to forma fiber resin matrix
18. Practice huetylbreteyminatedi@éinsvhick ipyceariildédas ithd natiRresining@Rie @dsing Bséd ondedoliowing mono-
pressures ofmed450 N (one thousand pounds) over a 38 cm (fifteen inch)
center are suitable for producing a fiber resin matrix 18. The fibers 2,
the substrate 14 with resin layer 10 and the rel ease paper 16 are delivered

to the préessure rollers 8 andsRassed G rate of 0.91-6.08
nmnute (3- 20feet/mnute K °y. X 81 f fiber 2 band
resinayer 10 tdihe @ : is g e =¢H ber

resihmatrix of 30-40 wei ght €T Cy J percent) resin

and 60- 70 vvel ght percent (preferably 66 wei ght percent) fi ber. For exanpl e,
120 filan@nts of 6K carbon fbers are delivered within a 30.5 cm (twel ve
inch) wdth to the pressure raollers 8 with a |layer of resin 0.063 to 0.087
kg/n2 (.013 to .018 pounds per square foot). The resulting fiber resin
matrix 18 is 5 thus reinforced by a closely packed array of filanments.
Thereafteg, as shown in FI GUR p seSPaper on one side of the
fiber resin matripg;38 | assed

t hr ough anot her s(et ],of press ﬁ‘gﬁceef t he
Interl eaf material 62 to the er of interl eaf
material 22 is typically extruded (by hot net extrusmn) or cast out of
solvent, 8nto a carrier 28, cooled or dried, then lamnated with the fiber
resin matrix 58 through pressure rollers 20. The Interleaf material 22 is
10 .deposited to provide an interI eaf layer of about 0.010.to 0.101 nm

(0.R0Q04 to 0.004 inches) thickn . The exposed surface of the fiber resin

matrix 18 _is presented to the Ie Q1 4*\ are joined

by the in rher ent qdHidyl vagrt ' ‘.e) ('e e=ater | £adng
J | A ‘v

material is essentially ther Gy Iti0ut any adhesive
char- acteristics. An interleafed fi -'- 5t Y x conposite 24 is thus
produced and appears as shown in FIGURE 3. 15 The reinforcing filanents
useful inmwthis aspect of the present j have been illustrated above.

i the rratrlxresmln
acetyl ene-term nated resins. ' uI as ITB.tI’IX resins

in the practice of the present cl ude the~ol yi m des di scl osed
in US. P&ent Nos. 3,528,950; 3,745, 149; 4,233,258; and 4, 166, 170. 20
Bis nmal eim de resins which may be enployed as the matrix resin include bis

ol 111 025 Qa5 2890 1l el ISIE) Ry 128 S0, 350, 45 50 5

The thermoplastic resin of the interleaf comprises a high molecular weight engineering thermoplastic, much as a

40 polyester, a polyamide, a polyaramid, a polyarylate, a polycarbonate, a poly(ester carbonate), a polybenzimidazole, a
polyimide, a polyether imide, a polyamide imide, and the like. Preferably the thermoplastic will be a polyether ether

Co ketone, abbreviated PEEK (ICl), a polyimide, e.g., KAPTON® (DuPont), or a polyether imide, e.g., ULTEM® (General
oo Electric). As indicated, the thermoplastic resin may contain a minor amount (up to 40% by weight) of a thermosetting
resin, which may for example be of the same composition as the matrix resin, as may be necessary or desirable in a

45  given application to achieve suitable solvent resistance or other material properties of the interfeat. In addition, it may
be advantageous in the practice of the present invention to utilize reinforcing materials in the interleaf, such as mat scrim,
whiskers, particulates, chopped fibers or other second phase reinforcement, and in general the reinforcing material may
suitably be employed in various amounts, such as for example up to about 50% by weight based on the total weight of
the interleaf.

50 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 matrix resin, when tested "neat", or without reinforcement, must show a minimum stiffness when
subjected to shear forces, especially at high temperatures and under wet condition. The matrix resin must have a shear
modulus of at least 6203 N/mm2 (90,000 psi} under hot, dry conditions, e.g., when subjected to shear at 45°C-68°C

s5  (180°F-270°F), or a shear modulus of at least 3445 N/mm2 (50,000 psi) under hot, wet conditions, e.g., when subjected
to shear at 45°C-68°C (180°F-270°F) after soaking in water at 71°C (160°F) for 14 days. It is also necessary that the
matrix resin has a shear modulus above about 6890 (100,000) at room temperature and extremely low temperatures,
i.e., -55°C (-67°F), however, this is ordinarily the case where the modulus at 45°C-93°C {180°-200°F) is as high as 3445
N/mm2 (50,000 psi). Preferred, matrix resin compositions will show an initial shear modulus of 6203 N/mm2 (90,000 psi)

the present inventiigp i BC=zdet}:




6 ETDO 327 142 Bl wherein the isoneri CEppaeyede@f € neta. neta; neta para

or para,para and X [err] 0 5 15 20 25 N 30 45 55 EP 0 327 142 Bl

Acet yl ene- t eraoriabar eier het weisconditionshandamjil shew art initial sheal naveluldshod 8357 NFfm2 (139001psi) or above at

i ncl ude r esi nor tegpetatane andhiow feapératures) Jharnastprefersed thernlostiing rdsing ®r dse a8 @ nfafix resin will also

0 wherein theem'b@l@lﬂlfmmnmh@suwmwd&mﬂ(m rhest preferably 345 Nfywr? {65000 psi)

posi tioned. T @MBernopl astic resin of the interleaf conprises a high

nmol ecul ar @ei }ghm {Thecinterlenfresin mugt alsh @xhibib g minimumdnitiatshesn madulus, andin adsiibrythe interieaf rasin must show
|

pol yam de, MM%“‘&“WfﬁrWsa‘lﬂe‘ m@'%@lby'@!ﬁdmfﬂwﬁémd&bm lnyasgof the reinforcing
car b-onat e), a 5 Withe ﬁ% dheinter! fma musthaveanmmalshear
pol yani de i m c;" 5, Abe 3‘%5 (5° P'?e 'y @‘”ﬁ? ya%’?“ie@z @0300 psi) at 45°C-
_pol yether eth KE 1 hlfssgmrmz
~(DuPont), O gDt aast el?aé :: on‘:lt:ea\:ara::
i ndi cat ed, thgopum fobadrirbl bﬁea il at aE oot
by Wei ght) Of ekl HB&ﬁéaHeBﬂwnﬁﬁ'ﬂh&ﬂlyWﬁ: Qrorﬁd‘tﬁ it tem-
corrp05| tion aﬁeﬁhﬂ&tﬁ&ﬁﬁbﬁnﬁr@ﬁdﬂhsﬂ%m rOViirg adREiVe Bohdingt® bicﬁ ﬁacbnl'h@l eaf resin

gi ven appl irf ahiish 0f dotrse? B1EY 1 \éBle folélirliddthécufingl tefﬁﬂfaturee Skl HBER 177PC @50RE)| thatBie G6riyRbites are
properties ofswbje@edttit erleaf. In addition, it nmay be advantageous in the

practice of the The intersat resimshews dndritiat rigidiiyt (hibri mbaxiullg) iwhérosubjeote tonshivaribuicek & cartain ielae of shear
i nterl eaf, sustessashomsdiongation (high uitimatelstrain), Thp pairt atwwhictthe @sin bégmptoeitbwihigh eloagation in response
ot her second iolsteseis theryididrtrengthef the resincand for the puspases hetelp, thie mut be a8 leay) 20vc/mm? (3000 psi) at
may suitabpsy Right Mashpreferrer! intedleaf rasing, wik have g WM@W'%&@?@"W&'W 413 Nfmm?
about 50% by (®eR0@#} and 3 biehytersperatyre vieidsteangth el atieret 345 NITHE (5000 RSD.| eq

In‘order that those skilled in the art may better understand the practice of the mventuon. the following examples are

.\M; included by way of illustration, and not by way of limitation.

25 EXAMPLE]

A matrix resin according to the present invention was made according to the following formulation:

30 parts by weight
tetra(4,4")N-glycidyl methylene dianiline (Ciba Geigy Araidite® MY-720) 80
tetraglycidoxy tetraphenyiethane (Shell Epon® 1031) 20

35 trimethylene glycol di-para-aminobenzoate (Polaroid quat:ure® 740 M) 44
fumed silica (SiO5); (Cabot Cab-0-Sil® M-5) 6
reaction product of toluene diisocyanate and dimethylamine 1

40

Afiber resin matrix was formed by coating the above formulation on a layer of collimated graphite fibers. Composites
_ were formed as shown in FIGURE 3, by applying to the aforementioned fiber resin matrix an interleaf film, approximately
St 0.012 mm (0.0005 inches) thick, of a polyether polyimide (ULTEM®), which was cast out of solvent. The thermoplastic
interleaf resin formed a discrete layer adjacent to the fiber resin matrix having an adhesive bond at the interface between
45 the two layers. _
Composites were stacked and autoclave cured at 177°C {350°F) and 6.89 N/mm (100 psi) for 2 hours to produce
a structural part. Stacks of eight plies, all arranged with collimated fibers, i.e., extending in the same direction (0°), were
" prepared for the Unidirectional Compresion Strength, or UNI-COMP, test. Stacks of sixteen plies with the fibers oriented
equally at 0°, 90° andt 45° were prepared for the Quasi-isofropic Compression Strength, or QUASI-COMP, test. Stacks
&0 of thirty-six plies with the fibers oriented at relative angles of 0°, 90° and +45° were prepared for the Compression



50 It has been discovered that in orgmegsdgeEivi de the uni que advant ages
of the present invention, the thernbsetting resin conpositions, that is,
the matrix rSyenigih Aftertingsat, o COMP/IMPACT test. Mhedlaminete ekhibiited e bidwing grogdriedie | nt er | eaf
resin nust exhibit specific properties. The matri x resin, when tested
"neat", or wi thout reinforcenent. nust show a mni mum stiffness when

subj ected to M (*Gloy GCOMPIISRIC] QUASI-CaMPIIKSIN| CEMRIMPATTL(IS00 caR.d5/6h) GF500 MAbk/n)
condi ti o ThE TBagT X| T €Sig) TUST[ TAVE g, STTEar | Todutus—of a4 Fast—6263
[err] (90,000|psi), under hot, drly conditions,|e.g., when subjected to sheaf
at [E&r] 55 180F- 2 0F),1§§r5 a shear ®B8ulus pf at |east 3445 N m2 (50, 00
psi ) ~¥nder hotj, W clondi 180®0ns, E.g., 68hen Sulbj ected to shear at [err]
after soaking Th water at [errp for radays rt Ts atso-necessary—that—the
;matri x resin has a shear nodul us above about 6890 (100,000) at room

tenperature angpgid, teried: MiferdaPiR b5 el foFm a Varisty of diffelehtlparts BN BYAGHIb, chvat Srtisres for
ordinarily Eﬁﬁn%ﬁﬁﬁnﬂiﬁf&mﬁ&wbéﬁﬁﬁ sx%ﬁgﬁﬂ:%#ﬁ&%yﬁni%@mﬁ%
g

o

(50, 000 psi Jnch ig0@b-MEH) ih striddhlrdl batts SiSétital FeMbESdubH &2 s wilBE Huchnidd!
shear model us Fier RaNMath-Reibal At HELrdMy!d this invértiontang 6.0 290 554 '@ ooos
hot, wet couh.a iy, thuria exsimple, assRoNof Wnty-fivelid frl fieFvask matiditbriast shdetsfiRorm A thick

(130, 000 psipdrt Ghe fitlooresin attrix-intenisat shiaqiesra typically stactted vailly theadifpdtibrodf tHeGBers dhtAted MSdifferent
preferred t Heacknns denending on theisiness fequirements ofithe partBdr exaxnple,dise maximiuininuries 6f filbet Risih iviatrix-
high stre ngf’?ﬂ"eﬁfﬂieﬁ'émw siented ip the Ohdinection; ti.e. cthesditection in3ich the maltiminB@AEibn (e compression
most  pr ef?r Hfeswikbaimpaseq, and theneseinderiol thefioer sasimatrix-terieaf shedthiare orietted 4t 8etiand pbsiorminus
must al so efhigPdhe ?% initial shear nodulus, and in addition the
interleaf resiiltfAiSE *%'ga i Ee n matriy-intplent resin shea is alsy jmporiant Prefessbly the
modilds i s ﬁg"% Mg%?ﬂ, phyyer ol ‘&0 EM@@‘%‘H}EW 12,002 in). gd the fiaer resinmatsi iayes will
fibers whout I"'arge derormation TR PUPL. For the pur poses herein,
the interl egkandg®ri al nmust have an initial shear nodul us above 3445 N m?2
(50,000 psi) at high tenperatures, preferably above 6203 NN m®2 (90, 000 psi)
at [err] 68C (A¥BHrestiAmE brepafid LEIRPR IRWRG Malitted oritfialin t i al shear modul us for
the interleaf should be at |east 6889 [err] 10 (100,000 psi) (preferably

at | east 38957 NNm®2; 130,000 psi), and at [err] the shear nodul us shoul d

be at least 4957 [err| (130,000 psi) (preferanly at Teast 10290 Sérfshyweight
150, 000 —arswi=th—the—aifi—+esf h—v-a-Hes—at—+-Hom
temperature gnd. o W th high shepr nmd®ul us
at el evat sgd t| Simetbylene glyeokdi-parrgmingbenzbate (Rblarpid Polkere®T8@eM) eaf resin w1 | ka4

sl i ght |y “5ol bk pHandxrRsikibkasH oR GoichioraRikih arid bis ¥h i HPédﬁSohiq mat g4 x
resin at tem bggnrt%[ugr?;gg usgtﬂ)@tgpfép he c%ﬁpﬁ%’??‘%ﬁ'%. s al 3'3?1 pr:')Q/i din
adhesi ve bondihg A eacRoRMEpTaTErs: interleaf resin is nust| of95

Sl

course, also be able to survive the curing tenperatures, usually about
[err], that the conposites are subjected to. The interleaf resin shows an

initial rigididoMpdsidsiereforadd! aﬁ,, S et &ﬁgﬁ G FEM t i .
level of shedMinates h&%%rm&l.hﬁ\@by tﬁyg?éa% In%ﬂar‘&%izg _ ;@ldll ﬁaﬁ%ﬁﬁfﬁﬁg&&g?m‘ ik
at Whi ch the resin begins to show high el'ongation In response to stress is
the "yield strength" of the resin, and for the purposes herein, this nust
be at’ | east 207 N mm2 (300 TenperatireC) JComtirabion SUSRGN QUABIBBMP TREYY P ef er I ed
interleaf resins will havp—e—+ gi-tefperature yeld—strenrgt-h—gf at | east
413 NV $m® (6000 psi) and hi gh™t enpg¢rature vyi eP% strength of |at | east 345
N nmm2 (5000 psi). In ordef that%8thos¢ skilled inm the art nmay RQetter
under stagd the practice of theigghveniion, the fgdyow ng exanplles are
I ncl uded 'by way of illustfyatio and|not by way _of limtation| 25 EXAWPLEl
A matrix resin according Lo the present inventi 8 was made acdor di ng to the
follow ng fornulation: 30 '
parts by wei ght

85 The laminates also exhibited a Critical Strain Energy Release Rate, Gy, of 3.15 cn0.454 kg/2.54 cm2 {inbs/sq

in); and Short Beam Shear Strength (unidirectional) of 13.110.4 KSI. A similar laminate showed a short beam shear
strength (Quasi-isotropic) of 12.2 KSI.
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& ¥
tetra(4,4)N-glycidyl methylene dianiline gig s 1q@igdy [err] My-720) 80
tetragl yci doxy tetraphenyl ethane (Shell Epon[err] 1031) 20
trimethyl ene @&XBMBIES]i - par a- am nobenzoate (Polaroid [err] 740 M 44 funed
silica [err] (Cabot [err] 6 reaction product of toluene

di | socyanat e andA tberresinypaicxwanprepared usinglCYIDM® T808XAmericars Cyandid CampuRypasti g rddin.
coating the aboV@onfposites Wera prepared having la 8925 mmf(0.a00-inch) iradries lagér afthé same bbijtieBpolyimide resin
Conposi tes %we Nﬁedf"bﬁmﬂe gdanyinaesrwere formpdciRed 2B telsted asipExamplg 2,tand théa tllowing data were obtained:

af or enent i one 'cf? S0/ 546 (in-Jos/sgrin); eelged delamination strain, @573 end Shart Béayn She® Bltengtin (Uni-
(0. 0005 inc he '%% 13.0541-14¢S} Mfcspescrie exapsisption phosed qoad hopding A thi inteelet to 2hstmatsiu tesio ith no
sol vert . The Bt i c interleaf resin formed a discrete | ayer

adj acentto f %xg%rem n matri x having an adhesive bond at the interface

‘bet ween 45 the ayers. Conposites were stacked and autocl ave cured at

[err] and 6.89 I\Km,,&,ggm,ag@tp,ef&%ng% &%p%ggce a structural part.

Stacks of eight plies, all "arranged d fibers, i.e., extending
in the sane direction [err] were prepared for the Unidi rect|onal Corrpre5|on
Strength, os UNI - TEeSt. Stacks of —STxteemr prreswth—th
oriented equally at

Conpr essi on Strength,

Conpression 55 9
test. The 1%ni nates & .
UNI - COVP (KSI ) QJASI - COVP (KSI COVP/ | NPAGT (1500 pmery 451cm) (1500

|n|bs/|n)5[er

51, re prepared havmg a %935 le(g.gm -|nch) mterleifmeref the same polyether polyjmide used in
10 In practzgce AATPIRS HTrates prepere rpm e SyeesiiRe fiibfd 8 GopRiessinh ftrenothy After lpget girts.0:8 K.
di fferent parggampie’s exanpl e, cover structures for airplane parts nay be
formed of fiber resin matrix-interleaf sheets stacked and cured to form

2.54 nmto 0.63 AvBer(rébinihatrixiwasbtepared Qamb)wﬁdthﬂerﬁﬁrféﬁﬁdﬂmmﬁﬁéthem X resin.
Structural menbagompesiesiverprepirathaiiya®|081 i (0002 AcHykefleat 1ayerof Eolyetha-ether ketbite YBEEK) which
resin matrisx- hattbeer dagleasadh et metigiensuhidiidego removie AhySsuitddy 9l bi IGdficanBiR@6iromILaminates exhibited a
t hi ckness fr ofc©f T2BZmOa5® igZ54 cr(in-0s/&y0k) Mitroschidlskéiminatior showed o, bohding oLH@IRHES to the
a stack of twmaliyresin with nointeifadial failufe. ber resin matrix-interleaf sheets will
forma /4-inch thick part. The fiber resin matrix-interleaf sheets are
typically sta EXAMPLESt h the direction of the fibers oriented in different

di rections, dep |n e stress reﬂw renments of the part. For exanple,
the maxi num n W‘Fép “sf"8 {954 )gP'B’r'FE?':e'E I"E"a’?af"ﬁgﬂlll}%#g?? rgagﬂ %ﬁ%‘im'mh) 'eh'c'ﬂslg:yheafd of
in the [err] By sompget a
conpr essi on ZE;H g&?‘ yyt] ﬁ?fa R ?;l“gﬂ&s%ﬂ‘fe“mm?wg’fﬁa?% nding of fae interleat to the
resin matrig-1nter ee are oriented at 900 and plus or mnus [err]
fromthe 00 opkMNiHLElI ON. The relative thickness of the layers of the fiber
res matrix-1nterleaf resin sheet is also inportant. Preferably the
Composites were prepared as in the previous examples having a bis(maleimide) matrix resin and a 0.025 mm
(0.001-inch) interleaf layer of polyether polyimide (Example 2). Laminates formed from the composites had a G\, of 1.38

45 cnr0.454 kg/2.54 cn (in-lbs/sq in). Microscopic examination showed good bonding of the interleaf to the matrix resin
with no interfacial failure.

EXAMPLE 8

50 Composites identical to those of Example 7, except that the interleat layer was 0.012 mm (0.0005 inch) thick were
prepared. Laminates prepared from the composites showed a G,; of 1.43 cm0.454 kg/2.54 cm?2 (in-Ibs/sq in); an edged
delamination strain of 0.48%; and Compression Strength After Impact of 31.4 KSI.

EXAMPLE 9
Fabric resin matrix composites formed by impregnating a woven graphite fiber fabric with the resin of Example 5§
and applying a 0.025 mm (0.001-inch) interleaf layer of a polyether polyimide (ULTEM®) were prepared. Laminates

prepared from the composites showed a G, of 1.36 cn0.454 kg/2.54 cm2 (in-lbs/sq in). Similar composites having a
light weight non-woven polyester scrim placed between the interleaf and fiber resin matrix layers {in order to improve

11



i nterl eaf llayer will be in the range ofgmpeistigdgil to 0.051 nm (.0004 in.

to .002 in), and the fiber resin. matrix Iayer V\A|| be in the range of about
0.177 mm't O tHardatiffe 160iGhiesddthe boipodits) wele Bdpdrétland farmedrintb IiMinfesivhidh &hﬂ%aéﬁ%ﬂsfezlﬂ@@m
prepared usikggs4de (hbbaqigi Nng matrix resin fornulation: so parts by weight
tetra (4,4)N-glycidyl nethylene dioniline (Cba Ceigy [err] My-720)

100 tri met hexampLEgl1ga®| di - par a- am nobenzoate (Polaroid [err] 740 M

48. 4 PKHH phenoxy resin based on epichl orohydrin and bis phenol A (Union

Car bi de Cor porteimetix resin denbted ereirbelov h Jlablei | deResinifdiad b foldwing nanpesitioR-3. MEA)

0.5 40 Conposites were fornmed by applying an extruded pol yet her polyim de
[err]vl ayer 0.025 mm (0.001 jnch) thick Lamnates were forned, cured and
tested as in Exanpl e 1, and the follow ng data Were obt ai ned:| pédris by weight
Tenperat fe (O [(oan B0 Sty RS HiThd 1Ok Gy VraldB® WY-7207 0 100

89 930 50 1320 [err] 1770
62 55 The | an dﬁﬁ'l"@ﬁ"’%ﬁ"“@?hl bited a Critical Strain Enefgy R8I ease
Rate, [err] of 3.|UsTEMfRalyBiterpolifidéusivi@@ngra Eledtric Qoinpangnd Shor t | BeartoShear
Strength guni di r d¢éae#3ABhoduefof phamyisboghndiehnd NN Sdidifiyl- .8 - digio’d howgd, a si
beam shear strend
EXAMPLE3 A fiber resin matrix was prepared usi ng [err] 1806 (Anerican
Cyanam d Conpany) as the matrix resin. Conposites were prepared having a

0. 025 nm ( 0. OCsixadditidnyl fibeniesin hadhfcorhgbgites waré prégaced odurther|iodirgie thie advariaye yi tid pebsent idvahtion.
5 used 2 n AlEsamppsites émployeskFELIONSSK\geaphite flamenteand bad aorlatrbarebin costent df aproximately 34%. The
Exanpl e 2, &6t esinancinertesliresty corchinationewere sifollovsied: [err] 2.0 cm 0. 454 kg/ 2. 54
cn2 (in-lbs/sq in); edged del am nati on st r&ﬁ"%\n 0.77% and Short Beam Shear
Strepgth (Uni- directional) of 13 Q1 croscopic examn nati on showed
good bonding of the interl eaf ﬁa@lﬂlﬁré"ﬂiﬂaﬁﬁ"x r esi pintedeeth no i|nt er f aci al
failure. 0" EXAMPLE4 A matri[X foesi|cYedmenrgs)t he .ol Tow ng donposition was
prepared: 15 ;
parts by weight tetra (4,4)NglVci ¢F* REIRPMAY i aniline_(|ciba Geigy [err]
My-720) 100 [err] polyether |pol2yi rfiSame peBiampl¢ QejModiied epbxyct|ri ¢ Conpany)

ort

10 20 50 trimethyl eng¢ ofsycqisambaddampiai] benm@oat e |(Pol aroid [err]
740M) 46 .
14 Resin A
15 Resin A ULTEM®
* A commercial fiber resin matrix material, soid by
35 American Cyanamid Company.

** A thermoset epoxy resin modified with a carboxylic-
functional butadiene-acryloniirile copolymer.

50
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Conposites were prepared having a 0.025 ngp¢geOfa2ginch) interleaf |ayer of

t he sane pol yether polyimde used in Exanple 2. Lam nates prepared fromthe
conposi t es exhi bTheesmpmsiigowgne forsd ibio latinatesiat subjsbtedit UNRGOMR QUASI-COMB andiCOIMP/IBACT tests,
EXAMPLE 5 A fiabéescribs@éhwemitmlile«esthwﬂp'&abledbw ng CYCOMO 1808 (Ameri can
Cyanam d Conpany) as the matrix resin. 3’813'@536 were prepared having a
0.051 mm (0.002-inch) interleaf |aver of a her - et her ket one ( PEEK)
which 30 had been degreas|édmplet h net h[leOene 1thl pta dg 180 r|¢4mva15any surface
soil or lubricant therefr Nk @8 €S exniprted a [err] of 1. 23 gnD. 454
kg/ 2.54 cnR (in-1bs/sq in)=M-eroscopre exariRajonshowed_gopd—bgqndi ng of
the trterleaf to the matrifX'resin with ﬁ??lrﬁoér d& 4 Fai I%i?e TBX4WPLE 6 35
Conposites forned using t h&310(2q0PF) reS| ee50f| Bapee [5164ngd W2Av| nes 4 0. 012 nm

(0. 0005-i nco) interleaf | awgscelzo y rrid.e [®pr] washesd WMol eyl ene
chloride were prepared. L Momt pe_co siltes had g [err] of
2.05 cm 0. 454 kg/2.54 cn® ?P%a(%ogi? a' | n? ?Po;c%‘bi g&%x n*al i"%h |showed
good bondi ng of the interl|d82°C{a70FhWetnmt - ¥ 158s| n -wit Men¢ 10&t proZqgi al
failure 40 EXAVPLE 7 ConpOouaSRcoii RsipT epar ed-as 1mrne previous gxanpl es
havi ng a bi s(nal ei m de) ' 002 b A--0-—001—hch)—Hnt er | eaf
| ayer of polyether polyim i (Exanpl e 2}94 lar?f’nat@% fo‘Pm d1°f r orﬁ"q He
conposites had a [err] of |BP3%®42009) cm 010854 leg/ p. B! jcrEd (iw2| pséesd in).

M croscopi ¢ exam nati on shqg@g(g@@p bonding @b fhe. ijntgrliegh [oydHe matrix
resin with #o interfacial |f [ € VPLE |8 50 Canp¢sitep 1dgntical to

t hose of Exanple 7, except egﬁa(?mfﬁ)u@’eﬁ el gaff®| ay@"?L wad . 82| nfh (0. 0005

inch) thick were prepared.|9%(200) Wt pr epanedsf f om t|heBscprpds| t &s [showed a
[erklsof 1.43 cm 0.454 kg/ @dm,,gmm(dsaoé"wm)h 01in- m)ea eddefamntinati on
strain of 0,48% and Conpriessi-en—Si+eRgt e frtp of—31-d-KSH. EXAVPLE

9 55 Fabrlc resin matrix g ' : na‘t11°r|1q3%13 m?)gé’h graphite
fiber fabric with the resin of Exanple 5 and applying a 0.025 mm

(0.001-inch) interleaf |layer of a polyether polyimde [err] were prepared.

Lam nat es pr eparGuisidieringithé rdgding A RidbSIS it & BeanBiet SAmbie 12, Lonlising atodfiéd édexy infbrieaf exhibits a
kg/ 2. 54 cise( i187% imgrorehentinimpatliresisiande (compressive stesgth aftstiingctirelitivgtd Sarvighs 13 Bdntaining no interleaf
non-woven pol y¥&mipleri2 8 63.4; Sampiextied1 .2 withcbeth Sarhylesi 1 el 1R effofding insbrdverbent overaiss conventional fiber
mat ri x | ayer s resinmalsix demposites ¢f Spmple/ 9. The irfiRovemeRin ind@ reBistanch echievesidby sanple 12 over Sample 11,
t oughness of thmeve,romdgectaéy sagtifice inslevated tenmberaiuce compressivie strangth and campressive sténgih lunder high
exhi bi ted a [ dpmifitygpnditionspespepiatly withregarg)to umiaxiabgempressive is¥rogth (sep, for exqmral\#(98°G (200°F) wet
10- 15 5 The® mgerditians, the.omprassiye steepoatinel Samnie 12 s KSH whilg e gorrespendingvalpe for/Sapmele 1 ip €25 KSI).

fol | owi ng conp C{h 3 illustrative of the present invention, shows an improvement in compressive stength after impact of 161%,
littie change in compressive strength at either 93°C (200°F) or 132°C (270°F), dry or wet, compared to the unmodified
laminate of Sample 11.
Samples 14 and 15 show the effect of using a thermoplastic interleaf in a high stifiness formulation designed to
40 provide superior strength at a 132°C (270°F), wet condition. The utilization of the interleaf (Sample 15) does not signif-
icantly change either uniaxial or quasi-isotropic compressive strength (within the experimental error of the test) relative
to the unmodified laminate (Sample 14), yet improves the compression strength after impact from 32.3 to 49.3, an
St improvement of 153%.

45 EXAMPLES 16-21

Samples 16-21 were prepared with the same matrix resin as Example 1 and in accordance with the procedure of
Example 1 except for the interleaf, which was varied as follows:

50 Sample 16: no interleaf

Sample 17: same as Example 12 (thermoset epoxy modified with butadiene-acrylonitrile copolymer)
Sample 18: same as Example 13 (wholly thermoplastic)

13



pa{rts 5ywei ght 10 tetra [err]
100 di am no di phenyl

38 [err]
15

di am no propane

prepared to furthef
conpdsites enp

Al

content of approxi
conbi nati ons were

25
[ Sane as
i[ Same as

A commer ci al
Aneri can Cyanam d Conpany.
carboxyl i c- shmgebo: Ohidriedd Wtmitiigine- acryl onitril e copol yner.

&

sul fone

met hyl engepg go¥ 1423 (C ba Geigy [err] M-720)

PO [Samplén t: prmdrlyéfld-rnlmmreﬁ n (General Electric Conpany) 10
reacti on product of phenyl isocyanate and NN -diethyl -1.3 -
1.4 Six additional fiber resin matriXx conposites were
Illustrate the advant age of the present emtva:gm 20
WEM® ethb &l &Hﬁﬂl‘l arrd—trad e Xy esin
mat el i)rer rﬁda?'ﬁﬂkgutﬁ?l&x ﬂ%l n ar‘Yg interleaf resin
ag"‘”‘f%?’/ £atComoany) g diglycidytather ot bisghepghA 8 | nt erl eaf
duammeduphenylsulfone 10 [err] 11 [ Same as| Exams el] {12
anple 1 cyddd ed epoxy 30 . 13
anpl e 11U|__'|:%%2__4__RQC|nAA1R Resin A 4 [&rr] *
fiber resin matrix material, sold by 35

"A thernoset epoxy resin nodified with a
40 45 50 55 12

EP O 327 %42 Bl The conposites were fornmed into | am nates and subjected to

UNI - COWP, QUASI - COWP and COWP/ | MPACT t.ests,
results shown in Table II
UNI - COMP(KSI) RT

93C [err]
130 2087
52
—
25
30
35
40
\w“
45
50
&5

as descri bed above, with the

bel qw. TABCE TT 5 weiaht Sanpl e
ULME 205 +46 parjiisOb! g223 173 10
235 205 129 qu4 197 164 [e;ép? 200
163 [err] Wet 1d¥odifiet 2poxy of Eg@nple 1247 10013  |158 [err] Wt
46 102 107
Sample 21:  interleaf formulation
parts by weight
ULTEM® 300 -
ERL-0500 (Ciba Geigy), trifunctional epoxy resin 70
diaminodiphenyl sulfone 30

The interleafs of Sample 18-21 were cast on 0.024 kg/m?2 (0.005 Ibs/ft2) films from methylene chioride solution. All
interleaf layers were dried for 1 hour at 93°C (200°F) prior to being formed into composites. The resulting composites
were then each laid up in the form of 16-ply laminates with a quasi-isotropic sequence, and then tested by ASTM D2344,
Short Beam Shear Test, with the results (quasi-SBS) as shown in Table [Il below.

TABLE Il
Quasi-SBS Data for Testing of Samples 16-21 by ASTM D2344
Sample 16 |17 18 19 20 21
93°C (200°F), Dry (control) 94 | 96 10.2 110 | 115 | 115
93°C (200°F), 5 weeks Wet 57 _ 59 6.0 6.7 7.0 6.7
93°C (200°F), 5 weéks in Methylene Chloride | 7.2 | 4.9 | delaminated | 76 | 3.1 23

The above data of Table Ill show that the solvent resistance (to methylene chioride) of the thermoplastic interleaf-
containing composite (Sample 18) is markedly enhanced by combining the thermoplastic resin (ULTEM®) with 25% by
weight of a thermosetting resin (including curative) asin Sample 19-21. The unmodified thermoplastic interleaf laminate
totally delaminated after one weekin methylene chioride, while the thermoplastic/thermoset interleaf materials (Samples
19-21) retained 20% to 70% or their 93°C (200°F), dry short beam strength values after 5 weeks exposure and 34% to
100% of their corresponding 93°C (200°F), 5 weeks wet SBS values.

Many variations of the invention will suggest themselves to those skilled in this art in light of the above detailed
description, and all such variations are within the full intended scope of this invention. For example, other filaments, such

14



15 QUASI - COWP (KSI) REP 0327142 B 104 97 88
97 101 96 [err] 103 96 75 84 102 80 20

[err] as caft®, silicon carbide, boron Gifamid, ddfy@ster, polydid®3Hnd fagahr dr melditcoated, slich as nicke and/or silver-
63 71 8 Goated syah filamentd and fibers, alone or in 8 combination, can be &&d. 68 60

COVP/ | MPACT ( 150@atrbresih.fofBiilatioys afst BMbe iraied ib wéighniatichBdelHapehdifglon e plofidd prépbriibeldesired and
32.3 49. 3 Corfwintendechepet Byovay of ugtoationy a gheeferred matdieresii dccordling to shissiawentiob Imag heSetie liallowing
12, conpri s ngomponents in thedbliewing propsrtiang by weight:exhi bits a 30 137% i npr ovenent

i n inpact resistance (conpressive strength after inpact) relative to Sanple

11 containing no Ilnterleaf (Sanple 12 = 43 4: Sanple 11 = 31, 7), with both
Sanptes 11 and 12 |dfofediedts ng i nprovenent over the convpnti ongbrsiyweightr esi n

matrix conpgsites [of Sanple I0. The T nprovement 1 n I NpacCkrefefel S!|MdefPreferred
.achi eved by sanpl ¢ o , vet—+s—eatZagd—at—easacteed
in el evated terrperaq ure c N e S|a\'/"é"estrength and com'egsgﬁedé strengFFPlsundqr

hi gh humi di ty condii} tetsaglycidexy jstsapheyiethangi t h regard t o upi ax?8@ corfpr etbBve
strength (see, for|@umihyiene giftol 8pRe-alimbdehzoet 35 cond|tiesge thg as4s
~conpr essi vasstrenggig of Ilcrgpl e 12 is 90 KSI, while thp cos_rfspordl n%_7val ug
for Sanple 11 is 1 W . Sanple 13, illustrative of|the E) eser

i nventi on, shows giv) reagicoRrreduetief tolene diisogyanateand dimethylamine h o9.1-86 | njac0.1¥5
161% with littlechange 1n conpressive strength at elrther [err], dryorwer,
conpar edt ot he unnodi fied | am nate of Sanple 11. Sanples 14 and 15 show t he
effect of Wing a thernoplastic interleaf in a high stiffness formulation
desi gned to 40 ﬂ'rsﬁ?"iwug!ﬁﬂwwiﬂ'e Withindhedyllfintended scapa pfthe invagtion s dafifted byhe appended claims.
utilization of Ehe interleaf (Sanple 15) does not signif- icantly change

‘el t ket uni axi gf’“(’)sr guasi -isotropi c conpressive strength (within the

‘experinent g gr r,g{imﬁ{eawﬁe;r&%ta“&g&%ﬂ\é%gg%nq)ﬁse-gprmdi fied | am nate (Sanple

.14), yet inproves the conpression s ter 1npact from32.3 to 49. 3,

an inprovenent of g93#8er disin mErSARYeL Eomprditig2l Sanpl es 16-21 were prepared with
‘the same matrix resin as Exanple 1 and-in accordance with the procedure of
Exanpl e 1 except for ¢ hghsraighiréiféting flktiembangas varied as follows: 50 Sanple
16: no intewl eaf Sangl)e thérimosating resin Sonfpssitiop inBluding clrinh Rgenis arid coglingsaidTMamerts, el

wi t h butadi ene-acrylonitrile copolyner) Sanple 18: sane as Exanple 13

(whol 'y t her nopl astB) 8 ylisdde ifigrieaf reditf@827 142 Bl Sanple 19: interl eaf
fornmulation - parts by weight 5 [err] polyether polyimde
.(General El ect r i daragerizukby) 300 Dow Dev 331 (Dow Chemi cal

égignpany), &8 di gl yc%Bgzhisgettgliﬁtreﬂeg;mti)r:Igy' og%ln%lng:A 80 di am.ne di phenyl sul fone

—+

(i) a thermoplastic resin, optionally blended with up to 40 % by weight of a thermosetting resin, based on
the weight of the blend, adhesively-bondable to said fiber resin matrix layer;

wherein said thermosetting resin composition (A) (ii), when cured, exhibits a shear modulus of at least 6203 N/mm?2
at 82-204°C or at least 3445 N/mm? if immersed in water at 71°C for 14 days; and said interleaf resin (B), as a solid,

K,‘/ exhibits a shear modulus of at least 3445 N/mm2 and a yield strength of at least 207 N/mm2 at 82 t0 204°C and a
strain to failure of atleast 6 % at -55°C and at least 15 % at room temperature. '

2. The interleafed fiber resin matrix composite according to Claim 1, characterized in that
(A) the fiber resin matrix layer comprises

80 (i) 60%-70% by weight high-strength reinforcing filaments selected from the group consisting of carbon
fibers, graphit fibers, nickel-coated such fibers silver-coated such fibers, nickel-and-silver-coated such fib-
ers, and combinations thereof, and
(i) 30 %-40 % by weight of a thermosetting epoxy resin composition coating said filaments, said epoxy
resin composition comprising: (a) a polyepoxide compound or combination of compounds, (b) a curing

85 . agent effective to catalyze polymerization of said polyepoxide compound , and (c) a filler.

and that said epoxy resin composition (A) (i), when cured, exhibits a shear modulus of at least 3445 N/mm2 if

immersed in water at 71°C, while said interleaf resin (B), as a solid, exhibits a shear strain to failure of at least 6 %
at -55°C at least 15 % at room temperature, and at least 25 % at 82 to 204°C.

15



10 di cyandi am de EP 0 327 142 B1
4 Sample 20: interleaf fornulatign - 15 arts by wei ght [err .
300 20 as carbon, silicon carbide, boron, aramid, pRky XOp: spich as Digiepl- and/or silver-

Sanpl e 21: %?tgjrﬁugtgfaqe%ﬁ?ﬂfgf'ﬁw % Eﬂﬂ 8l dpgending on thepeerisepsopefies desired and
e i " agppr *ermf Aok i ke e o

300 30 atrix resin formulations
th j of i on
70 di am np ’
Sanmpl e 18- ZfQ re ég‘z&te oﬁg %ﬁmﬁ /WGPB' 005 [err] films from nethyl ene
chloride solution. All interleaf layers were drledfor 1 hour at [err]

[err] prior to b e

t hen each laid UEF ] f _16- nl\/lamnarpqvu S [
sequence,rand then tested by ASTM D2344, Short Beam |[Shefyefemrdst | Mast Ricferred
results (quasi- Jotr@\1,49 NQWytidyl dianlia®! € 111 bel ow. 40 ABb-Eod T Quasys-gebS

Data f Test ASTM D2344 S
16 : 1;” esting ﬂﬁa@%ﬁ?&%ﬁﬁuﬂé ' a rr] ﬁoy (cont r1gl'2?

9.4 9.6 10). () trimethylene glygol dr@r%am'@e@%r r (200 . Bleeks |Wet35-45
5.7 5.9% (ﬂ)fumedsnh&a? 7.0 6.7 [err] (5 wedks igiadvet h)lengq
Chloride 7.2 : ove |da f
Table Il show't i e qn' v en %egcﬁﬁﬂﬁgﬁéﬂmaﬂpm'ﬁx | r—‘-nrbﬁ1 | arj P%’q-(?% illal:
thernopl astic interleaf- containing conposite (Sarrpl e 18) is markedly
enhanced Jy conbining the thernoplastic resin [err] with 25% by wei ght of a
thermoset ting ARgén bblibug Vhridfbng Sre Ghtfifth M hteftfod b&re’iﬁmaluﬁen%& o Hefindd¥y th Hpp %H;d' cRafins.
thernoplastic interleaf lamnate 55 totallydelamnated after one wee

met hyl ene clchanhs de, while the thernopl astic/thernoset interleaf materials
(Sanpl es 19-21) retained 20%to 70% or their [err], dry short beam strength
val ues af# en. SAninteriesfediifpossin matcrmimBette, whictidoOptises: t hei r corresponding [err],

5 weeks wet SBS val ues. Many variations of the invention will suggest
t hensel ves to t h&4aflagresinanglrix layerisprapriging in | i ght of the above detail ed
description, and all such variations are within the full intended scope of

this invention. ForOB'R'Hm reigforeing filgmentsdpdt s, such 14 EP 0 327142 Bl as
carbon, <PIi con car@iader B*P'Hﬁeswmm%rd%gtr'@mem%maa@sagﬂ'amr%m or

nmet al - coat ed, nd/ silver- coated such filanments and
) fé)a%’%«&b%ﬂ%ﬂeﬁi ﬁﬁ”,

fibers, alone or 'I'n any coO can be used.

characterized by
a5
(B) a discrete interleaf resin layer con*pnsmg
(i) a thermoplastic resin, opuonally blended with up to 40 % by weight of a thermosetting resin, based on
the weight of the blend, adhesively-bondable to said fiber resin matrix layer;
40
wherein said thermosetting resin composition (A) (ii), when cured, exhibits a shear modulus of at least 6203 N/fmm2
at 82-204°C or at least 3445 N/'mn2 if immersed in water at 71°C for 14 days; and said interleaf resin (B), as a solid,
exhibits a shear modulus of at least 3445 N/mm2 and a yield strength of at least 207 N/mm2 at 82 {0 204°C and a
strain to failure of at least 6 % at -55°C and at least 15 % at room temperature.
45 _
2. The interleafed fiber resin matrix composite according to Claim 1, characterized in that
(A) the fiber resin matrix layer comprises
50 (i) 60%-70% by weight high-strength reinforcing filaments selected from the group consisting of carbon
fibers, graphit fibers, nickel-coated such fibers silver-coated such fibers, nickel-and-silver-coated such fib-
ers, and combinations thereof, and
(i) 30 %-40 % by weight of a thermosetting epoxy resin composition coating said filaments, said epoxy
resin composition comprising: (a) a polyepoxide compound or combination of compounds, (b) a curing
85 agent effective to catalyze polymerization of said polyepoxide compound , and (c) a filler.

" and that said epoxy resin composition {A) (i), when cured, exhibits a shear modulus of at least 3445 N/mm2 if
immersed in water at 71°C, while said interleaf resin (B), as a solid, exhibits a shear strain to failure of at least 6 %
at -55°C at least 15 % at room temperature, and at least 25 % at 82 to 204°C.
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Matrix resin formul ati ons al so can be \Epo%2f 142 Baei ght ratio w dely,

dependi ng on the precise properties desired and the i'ntended use. By way of
il lustrati o, Aniperiedfedfiberaesinanatrixcompesite accardiogiodneTiclaims t dri2schamcieinéd inthat said) epay\resin
the foll owi ng ®mposerghonents, in the follow ng proportions, by weight:

I ngredi ents arts b

we |g ght 10 A (i} comprises () 50-100 parts by weight of tetra(4,4)N-glycidyl methylene dianilige, (b) 0-50 glarts by weight

Preferred Mo tetrieglyoidaxy tetrgphenyjethaes, @#%WPQF bywejghy i eng plyqe| di-ps:aminobenzoate, (d) O-

50-100 1%?3%‘?7%:‘1!'@6:?'&@1 and (66,395 paste Py diabikf fha feastir product of toluene dilsocyanate
- L e; . ) .

ALY "0 P ghas e e oK Ao O 02"

0-12 o= 7 i t ol i l.sqcyanat e and

-di nmet hyl am r‘n"e A""ﬁﬂ!ﬁ@%ﬁ&g‘ﬁé@W%m@éghﬁgérgsp@aﬁ%bbﬁergfréﬁtons are within
the full intendegh fisffredh mhtbBajordbmpisksn as defined by the appended cl aims.
Clains 25 1. Aninterleafed fi'ber resin matri x conposite, which conpri ses:
(A) a fiber resin nméo-i7s %oy weight higiesiendtreiiBreing flankngfinét rengt h reirorcing
filamentsisand 30 (i) 30 - 40 % by weight)of #thérinesehingresin comPositiorsdoating Sdiglemehts,0 N

including curing agent(s) and coating said filaments, and (B) a discrete

i nterl eaf resiandlhatsaid thervsetiing resin iconypdsifon (A §i). WBn cared.iand subjecied to1shearl farees at93%d ,rhas an
| ayer conpri siuuy!ate(srgssqalmtaﬁhvmgmmmmemafrem@bmaoyd.weemmwmtsmwshas
40 % by wei ght®a ¥igid siressietat ieast 215 N/may? and an wiimata slress otahleash 245Nt of t he bl end,
adhesi vel&-hondable to said fiber resin matrix |ayer; 40 wherein said

th ttify Anddpriatedfberesinmayy ite; §s fefingc jn, Claim, 1, wherein e hepmasetting regincomposition (A)
AT o =yl o et Aot A
i mersed in water at [err] for 14 day%; and said i nter-leahresin (B), as a

solid, expibits a shear nodul us of atax east 3445 NNm®2 aplh a yield strength
of at least 207 [err] at 82 to 2040€ a a fay?ur of at least 6
% at -550C and at |east;]5 %at ro ?1 Eﬁh 17 TGTZEE%FN The [interl eaf ed
fiber resin matrix conpoSite accordjn m. aracter{lzed ¥ n that

(A) the fiber resin matrix |layer cohg ¥ .Y ¥ 60% 70% by

-wei ght hisgh-strength reinforcing filagents selected fromghe group

.consi sting of carbon fibers, graphit fibers, nickel-coated such fibers
silver-coated such fibers, nickel-and-silver-coated such fib- ers, and
combi nat i ons tWherelidhe isogeer spediep argmets, mela: melpaidei ght of a t her nosetti hg epoxy
resin conposi t"8MPAAt i ng said fil anents, said epoxy resin conposition
conprisiﬁg (a) a pol yepoxi de conpound or conbi nati on of conpounds, (b) a
curing 55 agent effective to catalyze polynerization of said

pol yepoxi de conpound , and (c) a filler. and that said epoxy resin
conposition (A) (ii), when cured, exhibits a shear nodul us of at |east 3445
[err] if jyrmersed in water at [err] while said interleaf resin (B), as a
solid, "exhibits a shear strain to failure of at least 6 %at [err]. at |east
15 %i?t roomtenperature, and at |least 25 %at 82 to 204C.
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15 EPO 327 142 Bl as carbon, silicon £pI0Y29942 BPr on, ar ani \“‘
pol yam de, and rayon, or netal-coated, such as nickel - and/o mm “m“ﬂm“
coated such fi| anextCHRO-Bi, ber s, al one or in any conbi nation,» can be tsed
Matrix resin formulations also can be varied in weight ratio w dely,

depending on the precise properties desired and the i ntended use. By way of
illustration, a preferred matri x resin according tg this invention may have
the foll owifng 5 conponents, in the follow ng proporti éns, by weight:

I ngredi ents parts by
wei ght Preferred Most Preferred (| tetra (6 4) N-glycidyl dianiline
50-1 75- 85 1? tetraglycr gxy tetraphenylethane

0-50 15- 25 (||) trimet hyl epe ,chol ra-am ncbhenzoate
28-60 0 35-45 15 (i

|I|c
0-12 5-7 (v) reaction prQ ol ueng diisocyanate and
di net hyl am ne 0.1-2.5 0.1-2.5 20™% such Vious variations are within
the full intended scope of the inventifon as d i'ned by the appended cl ai ns.
Clains 25 %5 An interleafed fiber resin matrix conposite, which conprises:
(A) a fiber resin matrix |layer, conprlsing (i) high-strength reinforcing
filaments and 30 (ii)o her tting resin conposition
i ncluding curing agent(s) and coatjng safd filanments, and (B) a discrete
interleaf resin layer, characterizbeddy {35 (B) a discrete interleaf resin
| ayer conmp@®sing: (i) a thernoplastic resin, optionally blended with up to
40 % by wei ght of a theg tting resin, based on ghe weight of the blend,
adhesi vel y-bondabl e to ard fiber resin matrix-laygr; 40 wherein said

t hexgosetting resin conposition (A) (i), when c ~exhi bits a shear
east[
terl

nmodul us of at least 6203 [err] at82-2040C or aty 3440 N R ddra :
imersed in water at 71C for 14 days; and sai ¢ i af Testn (B), asa .
3445 [ierr] .and.a yield strength
A n tew failure of at least 6 %
¢. 45 2. The interleafed fiber

solid, exhibits a shear nodulus of at |ea
of at least 207 NNmm®R at 82 to 204C and
at -550C and at least 15 % at roomtenper¥gt
resin matrisx conposite according to Caim characterized in that (A the
fiber resin matrix |ayer conprises 50 (j) 60% 70% by wei ght

hi gh-strength reinforcing fil aments selectep fromthe group consisting of

carbon f.i bers, graphit fibers, nickel- d\ggeh fibers silver-coated such
fibers, nrckel and-si | ver - coated such =0Q
35

(iv) 0

) - /\\\N/‘\-[
- e e

45 0 o]

{(v) 0

&0 l/ \N ___‘z:_ C O\ /W
4
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ers, and conbinations thereof, and (i | gp892744¥0B10 by wei ght of a

ther nosetting epoxy resin conposition coating said filaments, said epoxy
resin conpogi ahimericaRaibel rédintghtrixcamposite/ae HfifginGidie 1, mcrumumemosemogfemmmp@iﬁom)(ﬁ)
conmpounds, ( bje conywisdd ongsefyfene-terminated resins selagiel fiomateigeomp congistingofcat al yze

pol ymeri zation of said pol yepoxide conpound , and (c) a filler. and that

sai d epoxy resin corrp05|t|on (A (ii), whgn cured, exhibits a shear nodul us

of at least 3445 [err] if iaqersed at [err] whil id interl eaf
resin (B), as a solid. e strai il ur Last 6 %
at -55C at | ehdl 1BSFG ur e, | %Jat 82 to [err]
15 \w EP 0 327 142 Bl 3. or'| esfed fiber r i onposite

accordi ng to one of clainms 1 or 2, characterized in that said epoxy resin
conmposi tidn of A (ii) conprises (a) 50-100 parts by wei ght of
tetra(4,4)N-glycidyl nethylene dianiline, (b) 0-50 parts by weight 5
tetra- gI yC| dogi/ { etraphenyl et hane, (c) 28 60 parts by weight trimethylene
gl ycol - par hi nobenzpd d silica, and

(e) O. 1 ,2 5 part sats=a =(B ;

(dy20 par Aei gh C.i
ght) jof eaction c'@ 0 Uene C=<8 :
di | socyanate and di met hyhgggrie~aRd hat (B) t d

ZTnterleaf resin
| ayer conprises a thernopl astl

pol yet her polyi mde~.SCd:L0'4. An interl eafed
fiber resin matrix conposite according to Claim 1, characterized in that
(A) the fiber resin matrix |layer conprises (i) 60 - 70 % by wei ght

hi gh-strength reinforcing filanments; and 15 ' (i1) 30 - 40 % by
wei ght of a thiekibsetting TpQs-+0R < rRQ sai d AL anents, and
that said thernos (;__ ion (A whe cﬁ:&ta ; and
subjected to shear 3 , tre | east 345
[err] while said interl eaf as a solid? whel? subj ected to shear
at [err] #has a yield stress of at Ieast 275 NNmm®2 and an ultimate stress of
at least 345 NNmmR2. 20 5. An interleafed fiber resin matri x conposite, as
defined in Caim1l1, wherein the thernosetting resin conposition (A) (ii) is
conprised of (iwnmal ei m de corrpoun_ sgg(ie rcp,tdke oup consi sting of:

[err] 304 0 —cu .
pt a, @Fcpar%]. ‘pra 35 40

0 wherein the isoneric spe’é‘F&ca \e_| a,
85 wherein the - C=CH subsfituenis each independent!y may be meta- or para - positioned.

45 50 55 16

7. An interleafed fiber resin matrix composite, as defined in Claim 1, wherein said reinforcing filaments are selected
from the group consisting of glass, carbon, graphite, silicon carbide, boron, aramid, polyester, polyamide, rayon,
polybenzimidazole, and polybenzothiazole filaments, and metal-coated such filaments.

8. Aninterleafed fiber resin matrix composite, as defined in Claim 1, wherein a bonded interface is formed between
layer (A) and layer (B).

9. An interleafed fiber resin matrix composite as in Claim 1, wherein the thermosetting resin composition (A) (ii) is

45 comprised of epoxy compounds selected from the group consisting of polyglycidyl ethers of polyfunctional phenols,

polyglycidyl ethers of the chiorination or bromination products of polyvalent phenols, polyglycidyl ethers of novolacs,
polyepoxy compounds derived from aromatic amines and epichlorohydrin, and mixtures thereof.

10. An interleafed fiber resin matrix composite as defined in Claim 9, wherein said thermosetting resin composition (A)
50 (i), when cured, and said interleaf resin (B), as solid, both exhibit an ultimate shear stress above 207 N/mm2.

11. Aninterleafed fiber resin matrix composite, as defined in Claim 10, wherein said curing agents are diamines.

12. An interleafed fiber resin matrix composite, as defined in Claim 11, wherein said diamines are selected from the
55 group consisting of diaminodiphenyl sulphone, diaminodiphenyl methane, and phenylenediamine.

13. An interleafed fiber resin matrix composite, as defined in Claim 10, wherein the interleaf resin is selected from the
group consisting of polyester, polyamide, polyaramid, polyarylate, polycarbonate, poly(estercarbonate), polybenz-
imidazole, polyimide, polyether imide, polyamide imide, polyether ether ketone, and mixtures of any of the foregoing.

18 |
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and X [err] 05 (ii) 10 0 15 EP 0 327 142 B1 N20 ( iii) O 25
N meta or para 30 35 (iv) 0

0 40 CH CHa4. An iklstiedfed fiber r3sin matrix comgidBite, as defined in Claim 13, wherein the interleaf regin is a polyether imide
O 50 [err] O resin. ' 0 55 17

EP 0 327142 B1 6. An interleafedfiberresin matrixconposite, as defined in
Claim1l, whermsi atineilcafed filee@bin ingtix compdsite, asdefired intGlabm 1, Whgréin said reipforciognijlanients donapkise 60-
acetyl ene- & er mi 7% ydweightsif the filsee fesin matrix andcsaid thammogstting pesio gempiosition (4) (D tomprses 39%-4076 by
15 20 and 25 (i wdight of the fiber resin matrix.- 0 0 35

wherein the - C-CH substituents each i ndependent| my be neta- or -
poS ,Lr_.i oned. 16. Aninterleafed fiber resin matrix composite, asgefined in ClaiX\ 1, errein said fiE)ear resicr)i &rlager (A) has a

thickness of 0.178 - 0.228 mm and said interleaf resin layer (B) has a thickness of 0.010 - 0.051 mm.
10
17. An interleafed fiber resin matrix composite, as defined in Claim 1, wherein said thermosetting resin composition
comprises a resin selected from the group consisting of thermosetting epoxy, polyimide, bis maleimide and acety-
lene-terminated resins.

15 18. An interleafed fiber resin matrix composite, as defined in Claim 1, wherein said thermoplastic resin (B) (i) contains
a reinforcing material.

Patentanspriiche
20 1. Faserharzmatrixverbundstoff mit Zwischenlage mit:

(A) einer Faserharzmatrixschicht mit

S (i) hochfesten Verstarkungsfilamenten und
25 (ii) einer Zusammensetzung warmeharibaren Harzes, die ein oder mehrere Hartungsmitte! aufweist und
die Filamente beschichtet, und
(B) einer separaten Zwischenlagenharzschicht,
30 gekennzeichnet durch
(B) eine separate Zwischenlagenharzschicht mit:
(i) einem thermoplastischen Harz, wahiweise bezogen auf das Gewicht der Mischung mit bis zu 40 Gew.%
85 eines warmehértbaren Harzes vermischt, das durch Haften an die Faserharzmatrixschicht bindbar ist;
wobei die Zusammensetzung (A) (i) warmehértbaren Harzes, falls gehartet, einen Schermodul von mindestens
6203 N/mm2 bei 82 - 204°C oder mindestens 3445 N/mm2 bei Eintauchen in Wasser bei 71°C Gber 14 Tage aufweist;
und das Zwischenlagenharz (B) als Feststoff einen Schermodul von mindestens 3445 N/mm? und eine konven-
40 tionelle Streckgrenze von mindestens 207 N/mm? bei 82 bis 204°C und eine Bruchdehnung von mindestens 6 %
bei -55°C und mindestens 15 % bei Raumtemperatur aufweist.
{

Yo’ 2, Faserharzmatrixverbundstoff mit Zwischenlage gemas Anspruch 1, dadurch gekennzeichnet, daB
45 (A) die Faserharzmatrixschicht folgendes aufweist: '

(i) 60 - 70 Gew.% hochfeste Verstarkungsfilamente ausgewahit aus der Gruppe bestehend aus Kohlenst-
offasern, Graphitfasern, derarligen nickelbeschichteten Fasern, derartigen silberbeschichteten Fasern,
derartigen nickel- und silberbeschichteten Fasern sowie Kombinationen davon, und

50 (ii) 30 - 40 Gew.% einer Zusammensetzung warmehartbaren Epoxidharzes, die die Filamente beschichtet,
wobei die Epoxidharzzusammensetzung folgendes aufweist: (a) eine Polyepoxidverbindung oder eine Kom-
bination aus Polyepoxidverbindungen, (b) ein Hartungsmittel, das beim Katalysieren der Polymerisation
der Polyepoxidverbindung wirksam ist, und (c) einen Flistoff.

85 und daB die Epoxidharzzusammensetzung (A) (ii), falls gehértet, einen Schermodul von mindestens 3445 N/mm?2
bei Eintauchen in Wasser bei 71°C aufweist, wahrend das Zwischenlagenharz (B) als Feststoff eine Bruchscherver-
formung von mindestens 6 % bei -55°C, mindestens 15 % bei Raumtemperatur und mindestens 25 % bei 82 bis
204°C aufweist.
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7. Aninterleafed fiber resin matrix cgppessigpeRs defined in daim i,

wherein said reinforcing filanments are selected fromthe group consisting

of gl ass, car bk@emharghabrirbudstof initiZaiecherisye lgbriaB, eirlomidenAnspiicheri dder palaguechigekennzeichnet,
pol yam de, r ayaBije Bpotidhlresusdmiiedsezodgon and pol ybenzot hi azole fil anents, and
met al - coated such filaments. 40 8. An interleafed fiber resin matrix
conposite, as deaN(i) ey 8o - 100 Giwidhtsieils Tetva(d)Niglycidyinethpleralinilin (o0 150 Cewichistefile Tetragljcidoxytet-
bet ween bayer ( Agphenyiitharayap 8 ( B) Geviichtsteile Trimtethylénglifobdi-parp-prinobeesoktn(dh@t 12 Gewichtsteile
conposite as i n GBamstavb und (8h@1 2.5 CewichistefiedasReaidionspredulds ays Tolueifisrsyanatjupgh Dimalylamin
(ii )&‘;s 45 ek unddal of epoxy conpounds sel ected fromthe group
consisting of polyglycidyl ethers of polyfunctional epol s,. _pol val yci dyl
et hers 01;0 t he cﬂﬁ)ﬁsﬁﬁ‘%ﬁ“@w"ﬂ?ﬂﬂ?ﬂ%ﬁ*b% 'WW@'%P"%F’?@%W@ ﬁ?“¥°8‘nenol s,

- pol ygl yci'dy t hers of nov c | vepox [ . romatic
ami nes and 8p ?ﬁﬁ?’ﬁ%’ifxﬁ"ﬁ&@@zﬁ%ﬁﬁgﬁﬁ?ﬁ%@H m?%‘?“%ﬁ“?‘ﬁﬁ%r 5e)('a gd fi ber
resin matrix co j I ] b 9, wherein said thernosetting
. resin conpositi g&%ﬁsa&é%&mgﬁ%w&lb%gﬁ% ed, and said interleaf resin
(B), as splid, botfesXi diinios Rohidste VerkRiidngséda: urit r €ss above 207 N m. 11.

An interleafed fibgyaok#ehdnNBhdr zosafiRMBH@siungwarMehatibarénHartes, Weldho die Flaiidnte beschichtst,
wherein said curing agents are diamnes. 12. An interleafed fiber resin '
mat ri X Conpos uidas dis Zuehmemetzung(Afileswarthehartitueandiamess Bllsgelvitetund Reherkraften bei 93°C aus-
sel ect ed fr omgesatzt, &ie Bruchspgnnuogyot mindsstens 345 Nifm? dufweist. wabrenstdesidischanjagenharz:(B) als Fest-
di am nodephenybff, falls éinen Schedeatspuehung bei/98’d; ausdesatzt, eing Fliefgpannyngvon mindestens 275 dYmm? und
resin matrix eoePuenpaanungwnmindpsigng 345 Namiauie. . wherein the interleaf resin
is selected fromthe group consisting of polyester, polyap de | ya i
poliyaryl at e® %ﬁgg‘&%‘f‘ﬁ%ﬁ#@"‘t_ Aitepiacheniage ?’gﬁ?ﬁéﬁ;ﬁ"égﬁﬁ@é@“‘]‘tﬁé’ﬁ%‘[ﬁ? ?&vafma'
pol yim de, po 160 Herpeg Bifmaleiingy 9E" PG gusa erepphesteled 3%.  and
m xt ures“of any of the foregoing. 18 EP 0 327 142 Bl 14. An interleafed
fiber resin matri x conposite, as defined in Caim13, V\/Rerei n the interl eaf
resin is a polyether imde resin. \. An jqt ed fybex resin matrix
conposite, as defined i aim1 I diteinfofcingfYil anents
conprisegp0- 5 70% by wei ghti of t‘ﬁ"‘@ er (kes/ Npatri f andssai d
t hernosetting resin conposition i) npr i 3052"%400 y wei ght of the
fiber resin matrix. 16. An interleaffed fiber resin matrix conposite, as
defined in claim1, wherein said fi%er resin matrix | ay®r (A) has a

-thickness of 0.178 - 0.228 mmand said interleaf resin |ayer (B) has a
thi cknesgf of 0.010 - 0.051 nm 10 17. An interleafed fiber resin matrix
conposi te, as waks dipigemeren Arermeta. meta; Rele. pars oderpara. PARSIKb et t i ng resi n
conposition conprises a resin selected fromthe group consisting of
t hernosetti ng epoxy, polyimde, bis maleimde and acety- |ene-term nated
resins. 18. An interleafed fiber resin matrix conposite, as defined in
Claim1, wherein said thernoplastic resin (B) (i) contains a reinforcing
material. Patentansprfche 20 1. Faserharzmatri xverbundstoff mt
Zwi schenl age mit: (A) einer Faserharzmatrixschicht mt (i) hochfesten
Ver st ar kungsfi |l ament en und
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25 (i1) einer Zusamensetzung pgp§BEE a2Per e ;u d| e ein

mehrere Hartungsmttel aufweist und die Filanmente beschl cht l,m umﬂw”“m |

ei ner separ at enuné SCRepD-agresdlsar zschi cht, 30 gekennzei ch

ei ne separate Zw schenl agenharzschicht mt: (i) einemthernoplastischen

Harz, wahl wei se bezogen auf das Gew cht der Mcachung mt bis zu 40 Gew. % 35

ei nes war nehartbaren Harzes vernmischt, das durlth Haften an die :

Faser harzmatri schi cht bindbar ist; wobei die usérmensetzung (A (i)

war nehart baren Harzes, falls gehartet einen Schernodul von m ndestens 6203

N mt) bei 82 - 204CC (ddqzr m ndest eps 3445 wer bei Ei ntauchen in Wasser

bei VAL Oc Qber 14 Tage aufwei st; und das Zy enl agenharz (B) als
Feststdf f "ei nen Scher nodul von m en 344 N m®2 und ei ne konven- 40

. tionelle S{%eckgrenze von nindest [bel 82 bis 2040C und eine

Bruchdehnung von m ndestens 6 % 550C ‘m ndestens 15 % be!
Raunt enper at ur aufwei st. 2. Faserh I’ZTTB.'[I’I ‘er bundstof f nmit Zw schenl age
gemaB Anspruch 1, dadurch gekennzeilchnet, daB 45 (A die

“ Faserharzngd ri xschi cht fol gendes |, WEISt f) 60 - 70 Gew. % hochfeste

Ver st ar kungsfi | ament e ausgewahptaus }eo G uppe bestehend aus Kohl enst -
of fasem G aphitfasern, derartigen ni ¢gkel beschichteten Fasern, derartigen
si | ber beschi chteten Fasern, derakid ni ckel - und sil berbeschichteten
Fasern sow e Kot bi nati onen davon, und 50 (ii) 30 - 40 Gew. %

ei ner Zusaphrenset zung warnehartbaren Epoxi dharzes, die die Filanente
beschi chtet, wobei d|%’Eﬂ0X|dharzzusannensetzung fol gendes aufweist: (a)
si ne Polyepoxidverblndung oder eine Kom fination aus

Pol\yspoxi dver bi ndungen, (b) sin Hartungsi+tel, das bei m Katal ysieren der
Pol yneri sation der Pol yspoxi dverbi ndung, W rkHam i gdta WB8r (garaei Nen
FO istoff. %55 und daB di e Epoxi dhar 2=us nset zung (A) (ii), falls

gehartet, einen Schernodul von m n
Wasser bei 71 eC aufweist, wahrend
ei ne Bruchscherver- fornung von m' gégtens 6 % bei -55C, mndestens 15 %
bei Rauntegperatur und nmindestens 2% %bei 82 bis 204C aufwei st 19 EP O
327 142 Bl 3. Faserharzmatrixverbundstoff mt 2Zw schenl age genr aB ei nem der
AnsprCche 1 oder 2, dadurch gekennz8ichnet, daB die

Epoxi dhar zzusarrrrensetzung von =60 - 100 Gew chtstel le

Tetra(4, 4) N-gl yci dyi net hyl endi ani b) 0 - 50 Gewichtsteile

Tetragl yci @oaxtet- 6 rap ethan, (c) 28 - 60 Gewichtsteile

Tri nmetyl engl ycol - di - par a- am nobenzoat, (d) O - 12 Gew chtsteile Quarzstaub
und (e) 0,1 - 2,5 CGewichtsteile des Reaktionsprodukts aus Tol uddii socyanat
und Di net hyl ami n ent h4k¥) und daB (B) die separate Zw schenl agenharzschi cht
ei n thernop] asti sches Pol yet heopolyimd enthMt. 10 4. o

Faser har zmat ri xver bundst of f _mt\ Zwi schenl age gent B Ansl/‘u.j;[h 1, dadurch

gekennzei chnet, daB (A) die|jFase harb?ﬂr schit es hal t
o ] i ,P QfHd
\ h. 3 3

“ 0 o

Arstensi3445 Ninrr2 bei Ei ntauchen in
>Zwr05chenl agenharz (B) als Feststoff

0 o o
O -0
4 Y

] {
Q o
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15 ! (i) 60 - 70 Gew. % hochf esg@o ¥8F flodcungsfasern; und (ii) 30 -
40 Gew. % ei ner Zusammmenset zung vvarmehart aren Harzes, welche die Filanente
beschi cht etg, FdRehélaRtritiefourdéfol MTBWASAENEGE §omiaAAnspiuth 1, BedenVdiy Zitdmiichisriny (A) (i) warme-
Har zes, fail shgéred fictdes b floetylh andénidaHaae ertifiit, absgekani s defBaupb bidstehend aes:
Bruchspannung von m ndest ens 845 NIan auf wei st, wahrend das

Zw schenl agenharz (B) als Fest- /Lf falls einer

Scher beaaspruchung bei 93 ese ZANS '

275 NlmR2 und §ihe BETT@ g vd ndest ens

Faserhar zmat i i ver bundst of f 4 ‘) | age ge
Zusammnsetzung (A (i) warne- h'rtaren Har zes BI .
ent hal t, ausgeWAhlt aus der G uppe bestshend aus: 25 0
0 *o 10 0. 96 wobei die isoneren Arten neta,
nmeta; neta, pasa oder para. par S|nd 40 45 50 56 20

LLLLTL T 1943? 11111 | D.Bi 1 urd X = CHZ- -0, -S-, oder
ﬁ=ﬁ - q\l
2\0 .
050

m ndest ens

i be—daem die

r bi ndungen

I ¢ L M ! 0 It sce=c
15 =0 20,5(| ii) "0 so~~~~

N und G a CHi
0 H— 17 O 0
20 (1ii) s
~ QO O G
\x// . ~No”
25
(iv)

N
/

:IC‘-C--L— O C C=cs ;

30 -

wobei die - C=CH-Substituenten jeweils unabhangig in Meta- oder Para-Stellung sein kbnnen.

85
7. Faserharzmatrixverbundstoff mit Zwischenlage gemaB Anspruch 1, bei dem die Verstarkungsfilamente aus der
Gruppe bestehend aus Glas-, Kohlenstoff-, Graphit-, Siliciumcarbid-, Bor-, Aramid-, Polyester-, Polyamid-, Reyon-
, Polybenzimidazol- und Polybenzothiazolfilamenten sowie derartigen metallbeschichteten Filamenten ausgewahit
sind.
40

8. Faserharzmatrixverbundstoff mit Zwischenlage gemaB Anspruch 1, bei dem zwischen der Schicht (A) und der
Schicht (B) eine gebundene Grenzflache ausgebildet ist.

9. Faserharzmatrixverbundstoff mit Zwischenlage gemas Anspruch 1, bei dem die Zusammensetzung (A) (i) wérme-
45 hartbaren Harzes Epoxidverbindungen ausgew&hit aus der Gruppe bestehend aus Polyglycidylethern von polyfunk-
tionellen Phenolen, Polyglycidylethern von den Chlorierungs- oder Bromierungsprodukten von polyvalenten
Phenolen, Polyglycidylethern von Novolaken, Polyepoxidverbindungen aus aromatischen Aminen und Epichlorhy-

drin und Mischungen davon enthatt.

50 10. Faserharzniatnxverbundstoff mit Zwischenlage gem&B Anspruch 9, bei dem sowohl die Zusammensetzung (A) (ji)
warmehartbaren Harzes, falls gehartet, als auch das anschenlagenharz (B), als Feststoff, eine Bruchscherspan-
nung Gber 207 N/mm2 aufweisen.

11. Faserharzmatrixverbundstoff mit Zwischenlage gemaBs Anspruch 10, bei dem es sich bei den Hartungsmittein um
85 Diamine handelt.

12. Faserharzmatrixverbundstoff mit Zwischenlage gemas Anspruch 11, bei dem die Diamine aus der Gruppe beste-
hend aus 4,4"-Diaminodiphenyisulfon, Diaminodiphenylmethan und Phenylendiamin ausgewahit sind.

_—_—
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55 21 EP 0 327 142 1 6. Faser har zmat rgpggspigedt of f mt Zw schenl age

genr| B Anspruch 1, bel dem die Zusammensetzung (A) (ii) warne- hartbaren

Har zes mit Acmst Fdsemaremetixvetleindsiof it 2eisthizalade, gemtit duspaitit 10, bei slerd das Zwisehamiagenharz aus der
best ehend aus: Giuppetiesteheddaus Pdlyester, Polyamid,Pelyararfid, Folyacrylal, Polycaibonat) Poliestaisatbynat), Polyben-
8 C -\~ 30 zimidazol, Polyimid, Polyetherimid, Polyamidimid, Polyetheretherketon und Migghgngen us gingm das Mmaherge-
di e - C CH Subsheéndensaysaswahitishei | s unabhangig in Ma- oder Par-Stellung sel n
konnen. 3587. Faserharzmatrixverbundstoff mt Zw schenl age genmaB Anspru

1, bei dem dit Tesesarematinvegandsiof mit Avischaniage gemaBAngppish 13 bel #onesFigh %ge"&"gﬁheﬂ'age"“m
Kohl enst of f -, C}“aﬁﬁl"?'!etheﬂr“ﬁ"faﬁ‘lhﬁ'l‘ﬂﬂ%trbl d-, Bor-, Aranid-, PoI yester-,

Pol am d-, Re on- *
derartlgen metal 156

Pd ben2| m: az d PoI nzo a
SoF % BRI Mefite 60 - 70
\9 F%Y ‘ cur'?% age o g@ chne enHarCziesso - 40 Gew.%

Faser har zrré“trl x gr?'
zw schen der Fﬁe er Schicht (B) eine gebundene Grenzl ache

ausgebi | det '1%& (BAdIGndtER tnfit 2 SRR Gafa Ansprlich 1714 8énl 186 FaR e RaraidiEhicht (A) eine
Anspruch 1, bel p msZu&éﬁm ehidentéaZsdnicHAE) BRve Ditke von 0,010 0,0IaR aufweist.
Har zes Epoxg dver bi ndungen ausgewahit aus der Gruppe bestehend aus

Pol ygl yci dyl eiz easamui@natid@érbinteidt-mitt ZwiahiageryembeAsbrach, 1, B yny biy Zisdmertshieung wimmehart-
den Chl ori er ungsareridiedes & I atisgendhit pusaik Groppabestsheng ausywirrieagrbeen Hpladdheizen Polyimidharzen,
Pol ygl yci dyl et h@ismalsimidhdren ohdahiicAsetyltoindendendackerertiabdungen aus ar omat i schen

Am nen und Epichlorhy- drin und M schungen davon enthalt. 60 10

Faser har zmat r 18« fesethamuiasiuerbundgtaff mit Zwiseheplage SereaR Aamsush Achelslem das thermppiastisgha Harz () () ein
sowohl di e Zusarietpdengsaiggalepthaly j i ) war nehart baren Harzes, falls gehartet,

al s auch das zwi schenl agenharz (B). als Feststoff. eine Bruchscherspan-

nung /Cber 207 ReYPRAIBRIoN wei sen. 11. Faser hai zrrat rixverbundstoff mt

Zw schenl age ge bei den I-lartungsnitteln
um so a?h :%"?Pg &F@fﬁ%&g mﬁ%?%?rl verbundst of f mit Zwi schenl age

gemAB Anspruch 1 i e Haficd deiBred Reifd D n,Gr uppe beste- hend aus
4. 4- Di am nodi phen;j/wkpﬁ #x(’)n Di amcdr;laoedl phenlyl rr?a‘ han und Phenyl endi am n

ausgew hit sind. (i) des filaments de renfort & haute résistance et
30 (if) une composition de résine thermodurcissable comprenant un ou plusieurs agents de durcissement et
revétant lesdits
filaments,
et
85 (B) une couche de résine intercalaire distincte,
caractérisé par

(B) une couche de résins intercalaire distincte comprenant :

(i) une résine thermoplastique éventueliement mélangée avec jusqu'a 40 % en poids d'une résine thermo-
. durcissable, relativement au poids du mélange, pouvant &tre unie par adhésion & ladite couche de matrice
o/ de fibres-résine ;

45 ol ladite composition de résine thermodurcissable (A)(ii), lorsqu'elle est durcie, présente un module de cisaillement
d'au moins 6 203 Nfmm?2 & 82-204°C ou d'au moins 3 445 N/mm2 lorsqu'elle est plongée dans I'eau & 71°C pendant
14 jours ; et ladite résine intercalaire (B), en tant que solide, présente un module de cisaillement d'au moins 3 445
N/mm2 et une limite élastique d'au moins 207 N/mm?2 entre 82 et 204°C et une déformation & ia rupture d'au moins
6 % & -55°C et d'au moins 15 % & la température ambiante.
50
2. Composite intercalé & matrice de fibres-résine selon la revendication 1, caractérisé en ce que

(A) Ia couche de matrice de fibres-résine comprend

55 (i) 60 % & 70 % en poids de filaments de renfort & haute résistance choisis dans le groupe constitué par
les fibres de carbone, les fibres de graphite, de telles fibres revétues de nickel, de telles fibres revétues
d'argent, de telles fibres revétues de nickel et d'argent, et leurs combinaisons, et
(if) 30 % & 40 % en poids d'une composition de résine époxyde thermodurcissable revétant lesdits filaments,
ladite composition de résine époxyde comprenant : (a) un composé ou une combinaison de composés

= | RR AR T
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EP 0 327 142 Bl 13. Faserharzmatrixvergpodaz sfBnit Zwi schenl age genaB
Anspruch 10, be! dem das Zw schenl agenharz aus der G uppe bestehend aus

Pol yest er. Pol yanmi pblyésesydys () iwh eigenfdd dusnissanhent efficit@ pparcnatalysen fa, polymérisation dudit composé
Pol y( est er car bonat polyéaydg etie)}-unedhaigelazol , Pol yi mi d, Pol yet herinid.

Pol yami di m d, Polyetheretherketon und M schungen aus ei nem der vor herge-
henden ausg ewatekbe qustaditeSorpbsitiaale sihedpoxyee (AN Jasaiselie dst destie, présante Pmodiesia Fisgillement
genaB Angpr ucHaursoinsSiS N lossauglie est plerigéatians I2qy as7d e landie g hgtezésmmngrcﬁlalre (B), entant
Pol yet heui ni dBésrspiidechrisents une déformatiog paricienifiemant ailasyrture diptaqing(6:% & 55°Crdpurnqing 1P Zfda
genaB AnsprchWéﬂ“H@mﬂFé“W%W?q Hente 60 - 70 10 Gew. %

var meni 1 pab oo 'g s D gy SRR A et on cocve e

war mrehl rt ar ¢
Faser harzmatr°?<'%s' S oﬁmf’ﬁ"’f wi schenl age gemaB Anspruch 1, bei demdie

F h t i
zi‘fizhiafzseahéf‘&%zmﬁ 5 o Bl e do e LT ) 050 e

17. " Faser har znmatgnbgiy (@0l ‘Bs & ﬂondZ‘db ﬁﬁ:bﬁmg%@ elR)61Ba As partiestdn pdids dudrodiliede la
- di e Zusamgrenset erﬂon\uatdmdiwuéocyabamaehiammmm etimica que

ausgewahl t ausder(8yla gaciads téeiheintercalas disinote baniptdnd trepolyEth@:polyiinide thermpplastique.

Pol yi m dharzen, Bismal ei m dharzen und mt Acetyl en endenden Harzen enthalt.
20 18. Fasér (Campositetinterraléch hative de ibres-résine cafsdésesmoneauge gemaB Anspruch 1, bei
dem das thernopl astieche Harz (B) (i) sin Verstarkungsmaterial enthakt.
Revend| c&f f ons 28) g couehg,dp maicedefi P%'?%’&I"@m&eﬂﬁ’atrl ce de fibres-resine qui

conprend: (A) une couche de t L.ce de fi e coegrprenant (1) des
filaments de renfo 'E?‘%{\‘Fé’é"é@’ 3’

conposition de rhst i@%ﬁ%ﬁ s%"gm%‘% "éetg Twﬁ'ﬁ' ou éﬁvﬁ;ﬂt*eé%sf lamentet s

de durci gsemen GequnL éh%ﬁ 84 fesine tﬁérrﬁ&ﬁl@igéb (i|) welle est dudid) et SURisE 8 Hésiéices
de resine int Erﬁa%é m%&m.ﬁam%;?: HE\Ganki Ydel 142ité Rsih & itbradlaire
intercalaire 3)5&4 14 e SoRIEPIbEALIN uﬁa&lllﬁlﬁéri‘ssﬁ°bedtﬁﬁémh@e9adsﬁﬂ&8dau moins 275

event uel | enentyfiiRl RebLomdRe alidHgiie dauthbiis 845 wimels d' une rsine ther mo-
durci ssable, relativenent au poids du nel ange, pouvant etre unie par

adhi si on s& b.aGomposkeinterosé &lmatiioaids fiees-rékinef tellguedsfini Hans lngevertiication 1, adilia dosplasition de résine
conposi ti on dehermmiumissablé GN)(iifsoopred destiismaléimiip ¢hGisis tiams logroups doestilgépar dur ci e,
presente un nodul e de cisaillenent d au noins 6 203 Nhmw a 82-2040C ou

d' au noins 3 445 - N mm@yl orsqu' el l e est plong6e dans |'eau a 71 C pendant 14
jours ; et ladite rhsine intercal ai redB) en tant que solpde presente un

modul e dé®cisaillenment d' au noins 3 er et, une |im e | asti que d' au
noins 207 NNmim®2 entre 82 et 2040C ey un I ruptpyre d'au noi ns
6 %a -55rCet dau moins 15 % a | terrp . 50 ’

40 ’ l

o)
s
oll les espéces isoméres SOMM;M:OUM
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“pol yneri saf% on dudit conpose pol yi poxyde et (c

2 Corfposite intercal 6 a matri ce de fi brgso ss% 192 B3el on | a revendi cation 1,
caract6rise en ce que (A |la couche de matrice de fbres-rhsi rend 55
(1) 60 %a 70 Y%teox-paj-do-,@eod i | anents de renfort A haute rhsistance choisis

dans Te oroupe consti1us par |es fibres de carbondal es 11 bi 4T IHENNN
de telles fibres revitues de nickel, de teIIeS'w bres reve s " ﬁ"ﬂ

telles fibres revitues de nickel et d argent, ef' |eurs combinalso shets
(ii) 30 %& 40 % en poids d une conposition de~Phdi ne epoxyde

t her nodur ci ssabl e revitangshesdits filanments, ladite conposition de rhine
i poxyde conprenant: (a) un conpose ou une conbi nai son de conmposhs 23

| 1114121 1121121111012111 11 1 111 * C L Mg S * OEP 0 327 142 Bl
pol yepoxydes, (b) un agent de durcissenent efficacke pour gatal yser |la

| adit o conposition de resine Apoxyde (A)(ii), . urcie,
presente un nodul e de cisaillenment 5 d a j
|l orsqu' el l e est plongoe dans |'eau a 71C, tandi b

intercalaige (B), en tant que solids, presento upe df ornadi on par
cisaillenment a la rupture d au noins 6 % & -55C, d au noins 15 %a la

tenperature anbiante et d' au noins 25 %entre . t 204C. 3. Conposito _
intercall a matrice de fibres-resine selon g=phe deg=0evendications 1 ou 2,
caract6rise en ce que ladito 10 conposi tilon de fesine Apoxyde de (A) (i)
conprend (& 50 a 100 parties en poids de —_—

tetra(4,4" )N gl ycidyl net hyl enedi aniline, (b) O parties en poids de

tetra-gl yci dotraph6nyl et hane, (c) 28 a 60 parties en poids de

di 4par a- am nobenzoate de trinethyl- eneglycol, (d) 0 a 12 parties en poids
de silice %yrogenie et (e) 0.1 a 2,5 parties en poids du produit de la 15
réaction di toluene dil socyanatb et de la dinbthylamne ; et en ce que (B)
| a couche de resine intercalaire distincte conprend un pol y6t her-pol yi m de
t her nopl astique. 4. Conposite intercal6 A matrice de fibres-resine
caracterise en ce que 20 (A) la couche de matrice de fibres-r6sine
conprend (k9 60 a 70 % en poids de filanments de renfort & haute resistance
; et (ii) 30 A 40 % en poids d une conposition de resine thernodurcissable
revWw ant” | esdits filanments, 25 et en ce que ladite conposition de

rvsi ne thernodurcissable (A) (i), lorsqu' elle est durcie et soum se a des
forces de cisaillenment a 93C, a une contrainte Ala rupture d'" au npins 345
Ni M2, tand s que ladite resine intbrcalaire (B), en tant quo solide,

|l orsqu' el l e est soumise a un cisaillenment a 93C, a une limto el astique
d'au noins 275 NNm®R et une contrainte a la rupture d" au noi ns 345 Nhm\R.
30 5. Conposite intercale & matrice de fbres-rlsine, tel que defini dans
|l a revendication 1, ob |la conposilton de risine thernodurcissable (Afil)
conprend des bisnal ei m des choi sis dans | e groupo constitu6 par: CO 40 O

‘0 00 | es especos isoneres sont mta. neta; neta. para: ou pgm p

k/'.
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6. Composite intercalé & matrice de fibres-résine, tel que défini dans la revendication 1, ol la composition de résine
45 thermodurcissable (A)(ii) comprend des résines & terminaison acétyléne choisies dans le groupe constitué par :

(1)

=00 0.6

~



25 ('CH CH CH3 3 3 EP 0327142 B | .
0 80 myo s 00 j _
~~~~NH - NHc | O ' :
Il 4000 6. Conposite intercal6 IL matrice do fbres-r6si ne”!llw"mmlﬂju”””m '
dlans |la revendlicgfjyon I, ot) la conposilWn do risino. 45 s
t her nodur ci ssabto (A)(id) conprend does risines A term naison ac~tyl ke '
choi sies céans | o groupe cousfitub r: [ .

K 55 26 EP 0 327142 Bl 11J 11 111 11 .

ii .-S et ob les sSTFLT -C uvent ch nde nt are en
poskii on neta ou para. 7. t nt ercal e T e “fi bres-resine,

tel que defini
sont choi sl% dans ksiigroups constitue par des filanents do vowse, do
carbons, do graphite, do carbure do silicium 30 do boro, d' aram ds, do

pol yester, do pol yam do,
pol ybenzot hi azol e, 85 oi
intorcale & matri cB

1, ob ufle intorfaco liee &st

dens la rovendication 1, ob lesdits filanments do ronfort

J dazol e do

et al Conpasj.), oet
dens .ovgﬁar ation
Y4 la coucho (B)

'd'é' | =n, %

35 9. Conposite intercale & netrice do |Ibres-risinos solon Ia revendi cation
1, obla conpositiéf'n"’de resine thernodur- cissable (A) (ii) com prend does

conposes i poxydos ch oisis dans sletgrou
pol ygl yciéyliq ues do phenol R

pol ygl yci dyl i quos dos
pol yval oent s.

ps con_gtitube par | ee ethers
Zammets, N hers

chi or @ ou d £F6/2dé phenol s
dyl i de n guoes, | os conposes

oes et herspol

polyepoxydoesderivesd' am nes aroneti quos 40 et d' pi chl orhydrine, ot

| ours m | angss.

defini den

10. Conposite intercale & matrice defibros-resine tel quo

| a peNeQPiinas RAch pllobit inatlh irdadeRidfant ek dh pelstioh Mt B para.

t her nodurci ssable (A)Q1). lorsqu' elle sest durcie, et ladite resins

intercalairs 4 Bhonfﬁneﬁrﬁé}émeq%ﬁ%dfﬂ%maﬁ@ﬁ b Gthi chria Velr&/ndilaoN 160 Resdit® flbrhéhisab nfort

do cisaill ement

30

10.

1.

12,

13.

14.

soht Chidisis bhs 1 goupé daRdEHuE pdr QesSiladiorts Y VAR, de carbone, de graphite, de carbure de silicium,

de bore, d'aramide, de polyester, de polyamide, de rayonne, de polybenzimidazole et de polybenzothiazole, et de
tels filaments revétus de métal.

Composite intercalé & matrice de fibres-résine, tel que définidans la revendication 1, ol une interface liée est formée
entre la couche (A) et la couche (B).

Composite intercalé & matrice de fibres-résines selon la revendication 1, ol la composition de résine thermodur-
cissable (A)(ii) comprend des composés époxydes choisis dans le groupe constitué par les éthers polyglycidyliques
de phénols polyfonctionnels, les éthers polyglycidyliques des produits de chioration ou de bromation de phénols
polyvalents, les éthers polyglycidyliques de novolaques, les composés polyépoxydes dérivés d’'amines aromatiques
et d'épichlorhydrine, et leurs mélanges.

Composite intercalé & matrice de fibres-résine tel que défini dans la revendication 9, ol ladite composition de résine
thermodurcissable {A){), lorsqu'elle est durcie, et ladite résine intercalaire (B), en tantque solide, présentent toutes
deux une contrainte de cisaillement & la rupture supérieure a 207 N/mm2,

Composite intercalé & matrice de fibres-résine, tel que défini dans la revendication 10, ol lesdits agents de dur-
cissement sont des diamines.

Composite intercalé & matrice de fibres-résine, tel que défini dans la revendication 11, oli lesdites diamines sont
choisies dans le groupe constitué par la diaminodiphénylsulfone, le diaminodiphényiméthane et la phénylénedi-
amine.

Composite intercalé & matrice de fibres-résine, tel que défini dans la revendication 10, ol la résine intercalaire est
choisie dans le groupe constitué par un polyester, un polyamide, un polyaramide, un polyarylate, un polycarbonate,
un poly(ester carbonate), un polybenzimidazole, un polyimide, un polyéther-imide, un polyamide-imide, une
polyéther-éther-cétone et leurs mélanges quelconques.

Composite intercalé & matrice de fibres-résine, tel que défini dans la revendication 13, ol la résine intercalaire est
une résine de polyéther-imide.

27



45 11." Conposite intercale & netrice degppighy pgesins, tel quo difini dans

| a revondi cetion 10, ob lesdits agents do dur- cissenent sont dos

di am ni ns. {52 Corpdeieddrdaté aintatrics ddibres-msing el que dsfinl dark iabeverslicatde $.ion sdits fiaments de renfort
dEfi ni dans | constitueetrediaczaeé dupoilid de la imatriessdii fibresréeinaetiaditascompositiortd® résine themnodirgissable
dans 1s groupA@camstiiie 3 405 du peidsideclamatricodie fiesyeeingl f ons, e

di am nodi phenyl methte, de |a phenylinedi- amno. 13. Conposite intercale A
matri ce de f6. Bommsitedntércals a matrice defibrededsingitel guerdiéfini dans Ia vevendication 1. owladity coushede matrice
resine i nt er cdétresessing (A) aune kpaisseur de 0i39i0.228 mayetladite eovehsde téping intercaipire (B)a yne épaisseur
pol yoster, u Ae®AORDRIBHBE, un pol yeram ds, un polyarylete un
polyoarboneate s5

i ester car enz‘lar(rjl dazol ﬁb ddPse
o 5, a‘g’ggfﬁ@@'*‘%ﬁ‘y e
? éim

|ntercale a ﬁ@°$mﬁ?g§m$e5|ne que |n| dens | a revendlcatlon
ob la rgsi a%ﬁnﬂ Yedridiedtion 1oélfadite %ine th 16
327142 Bl 1§§ %&%&fﬁﬁtﬁﬁzg @Sﬁﬁ%ﬁ%??ggﬁhe f59g§§%ES|ﬁe telmqugehfﬁﬁﬁl

dens | a mpvendlcatlon 1, ob lesdits filanments de renfort constituent 60 a
70 % du poids de |la matrice de fibres-resine et |adito conposition de

resi ne thernodurcissable (A)(i) constitue 30 a 40 % du poids de la matrice
de fibres-rhsine. 5 16. Conposite intercale a natrice de fibres-rhsine,
tel quo M dens la revendication 1, ob ladite couche de matrice de
fbres-regt ne (A) a une epaisseur de 0,178 a 0,228 mmet |adite couche de
rhsine intercalaire (B) a une epai sseur de 0,010 a 0,051 nm 17. Conposite
intercale a matrice de fibres-rhsine, tel quo dWini dans |a revendication
1, Wb ladito conposition de rhsine 10 t her nodur ci ssabl e conprend une
rhsine choisie dans | e groupo constitu6 par |ee resines thernodurcissables
de type ﬁboxyde, pol yi m de, bisnmal 6i mde et a term nai son actyl ene. 18.
Conposite intercale a matrice de fibres-rhsine, tel quo defini dans |la
revendication 1, ob ladito rsine thernoplas- tique (B)() contient une
matiere de renfort. 15 20 25 30 35 40 46 50 55
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