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PCT/ US96/ 07161 | MPROVED PROCESS FOR RESI N TRANSFER MOLDI NG AND FORMULATI ONS
USEFUL TO PRACTI CETHE PROCESS The present invention relates to resin
transfer nol ding processes and preforns 5 useful in those processes.
Resi'n transfer nol ding processesare used to make fiber-reinforced conposite
materials. Layaweo9es7sssei nforcing material are | oaded into a muctusaesria
thernosetting resin is injected into the nold and cured by ordi nary and

accept ed procedures e £ pi ' ' :
It is difficultand t'*"ﬁ%‘%@&gn 5@'8%‘3’%%%@?&"&g@éf@“’%‘%‘%ﬂ%r"sﬁ‘h’%&?he
mold. It was previously necessary to stPRASHCETHEPROGESSS t ogether in order to
provi de net-shaped preforns. A thernoplastic-like resin is sonetinmes used

as a "tackifier" to stiffgn the reinforci mat er i and. hold it in ace

bef or ¢t he nol di ng pro_cessﬁfféﬁ?’ﬁgt.m@eé" éggé"[n’éﬂtf’,"gﬂ'g."glggtpé%f’sif,ag‘bﬁg%ﬁ

(February 12, 1891ysefubinthost paeesses.al ., U. S. Patent 5,080,851 15 (January

tlﬁ, 1?;2) L (" Ther nopl ?st l CRésiﬁhﬁéhtsfeitaﬁaamaaT&&%smsseaw ﬁ.ta@emlr-kéﬂrfﬁrced composite
ermbpsetting resin that exhi.bi, er st] c, praoper s,, suUch asa ..

gl ass-transition T@%Q??{f’[ﬂ’@f 57\'3?"51“3’%\ ‘?’ﬁb‘ﬁi“ﬁgfWﬁﬁ%%@?@%ﬁp?ﬁ’ﬁ?’é‘s

t hat curest he r esinjected inta the mokisand ewied by ertinany emd agcepieivl procedures to podvida a finisheds s,

the individual fiﬁ{ offelpfze.ar e sprinkled with a solid powder of the

Lo p .
tackifier. The powder 1s heated to fuse it onto t surface qfthe substrate
and then cool e®®to soli di H?%ffg.‘““ﬁ'l‘ét'%“ﬂ?*?@éﬁ?’%‘ﬁﬁ@?“ﬂaﬁ"éf'?ffé'ttﬂgﬁ'“°'d6'1 it

toget her, heat ed wasdrevionsly heressany esstitabdied fiters tagethet inorder taravidd retshaped mreforms.
preform The preform can R%e?n’nﬂ@ﬁ%idﬂ @gﬁﬂ&mmsggfﬁle kifidr a8 stitferivitAr Y

resin transfer nolding process reafter. Ot hertacl substrates are
described in Ko efeinfprang matsrialiangd hold itin plass befgre the molding process begins. SeeHecket.aI.,

U.S. Patent 4,992,228 (February 12, 1991); and Flonc et al., U.S. Patent 5,080,851
15 (January 14, 1992). ("Thermoplastic-like” means that the resin is a solid, thermosetting resin
* that exhibits thermoplastic properties, such asa glass-transition temperature and/or a meiting

point, below the temperature that cures the resin, so that the resin is thermoformable.) Insuch
a process, the individual fiber plies are sprinkled with a solid powder of the tackifier. The
powderis heated to fuse it onto the surface of the substrate and then cooled to solidify it. The

20 different plies can be stacked together, heated to fuse the plies together and then cooled
leaving a preform. The preform can be placed into the mold and used in an ordinary resin
transfer molding process thereafter.

Other tackified substrates are described in Ko et al., U.S. Patent 5,369,192
(November 29, 1994); and Allognot et al., U.S. Patent 5,176,848 (January 5, 1993).

25 It has been recognized that chemical differences between the tackifier and the
matrix resin may harm the physical properties of the composite. Therefore, it has been
recommended to use a tackifier which is almost identical to the matrix resin. See
PCT Publication W094-26493 (November 24, 1994). However, such tackifiers may not be stable
enough for long-term storage of the tackified substrate. What is needed is a material which is

30 Mmore stable for long-term storage, but cures to form a product which is essentially identical to
the cured matrix resin.

One aspect of the present invention is a tackified substrate comprising:

. 1) a fiberous substrate suitable for use in a matrix composite; and
@ 0.25 to 15 weight percent of a tackifier containing:
» 35 {(a) anepoxyresin,

characterized in that the tackifier further contains:
{b) acuring agent for the epoxy resin, but
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(Novenber 29, 1994); and Allognot etal., U S Patent 5,176,848 (January 5,
1993) 25 It has been recogni zed that chem cal differences
between the tackifier and the matrix resin may harmthe physical properties
of the conposite. Therefore, it has been recommended to use a
tackifierwhich isalnost identical to the matrix resin. See PCT Publication
WD04- 26493 ( NoVWOI968384 1994) . However, such tackifiers may not POBUS643163
enough for long-termstorage of the tackified substrate. Wiat is needed is

a material which is 30 mgge %tt@ms‘%hafan 5JvQBl&pBﬁEﬁPo?&Q?&%xngl}UﬁnpS&Hd%mh bQedm

a productwhich is essentlally |dent ur riox r
aspect of the present inventi SHVE f%&%@f?ﬁ?ﬁﬁﬁﬂfﬂ"%ﬁﬂ??@?%w (3f)ines
a fiberous substrate suitabl e atdsmmgriumompetinds, phosphingrnd phespheniem copounds,

0.25 to 1 5weight percent of Qﬁﬁﬁhtiﬂﬁﬁnuﬁﬁﬂhﬁbﬁﬁdﬂﬂmda&&iumand heterocydlélﬁirogenan
epoxy resin, characterized in_that.the tackjifier further contains: (b)

curing agentfoP the epoxy resi ARG OmpGYRdss) 37354

PCT/ US96/ 07161 (c) 0 t 0 Asecond tspact obthe praserd irivertiznisaiproceds td ise tHethdkifiddagbstrate
conmpounds whi ch aggm IS ex)?&s for a curing reaction between Conponents
(a) and (b): am nes anél'l I Um conpounds, phosphi ne and phosphoni um _
conpounds, al i phaf®c sul f(ﬂﬂ‘\ﬂﬁ?’&ﬂ?ﬂ!ﬂm%@hhﬁd"ﬁﬁ@!ﬂﬁfm mdmtﬁletlmr@&g/enehsm ina

nitrogen- 5 mold; - contai ni ng conpounds.
10 (2 injecting into the mold a matrix resin formulation which contains:
' " . (a) anepoxyresin, '
(b) acuring agentfor the epoxy resin, and
(©)  acatalyticamount of catalyst for the reaction between the epoxy resin and
the curing agent; and .
15 curing the matrix resin formulation.

' A third aspect is a formulation which is particularly useful as a tackifier in the

preforms of the presentinvention and is useful as a matrix resin formulation in the process of

the present invention. The formulation comprises:

(1) 30 to 50 weight percent epoxy resin derived from a phenol-hydrocarbon resin;
20 @ 20 to 30 welght percent diglycidyl ether of a halogenated dihydric phenol;

3 . 20 to 40 weight percent polyhydric phenol or phenolic resin;

“ optionally, up to 15 weight percent liquid epoxy resin; and

(®) optionally, a catalytic amount of a catalyst for the reaction of the epoxy resins

with the polyphenol resin.

25 When the formulation is used as a tackifier, it preferably does not contain Components (4) and
(5). When the formulation is used as a matrix resin formulation, it preferably contains
Components (4) and.(5).

The tackifier is useful to make tackified substrates of the presentinvention. The
tackified substrates, matrix resin formulation and process of the present invention are useful to

30 mMake matrix composites. In addition, the tackifier and matrix resin formulation of the present
invention may be useful for other purposes, and the tackified substrates and process may be
practiced using different tackifiers and matrix resin formulations.

The present invention uses a reinforcing substrate. Suitable reinforcements are
well-known and familiar to persons of ordinary skill in the art. See, for example, Kirk-Othmer,

35 Encyclopedia of Chemical Technology-Supplement, “Composites, High Performance,” at 260-
-281 {1. Wiley & Sons, 1984). The substrate usually contains fibers, such as quartz, aramid,
boron, glass, carbon or gel-spun polyethylene fibers. The fibers can be unidirectional or
multidirectional. They may be inthe form of woven or non-woven mats or in the form of
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A second aspect of the present invention is a process to use the tackified
substrate conprising the steps of: (1) pl aci ng one or nore of the
tacki fied substrates, individually or as a preform in a nold; 10 (2)
injecting into the nold a matrix resin fornul ati on which contains: (a) an
epoxy resin, (b) a curing agentfor the epoxy resin, and (c) - a catalytic
anount of cat amwos96/37a84 t he reacti on between the epoxy resin aRGT/ONS/ATLEL Ng
agent; and 15 (3) curingthe matrix resin formulation. Athird aspect

is a formul ati on which, i tdcularly u . a tackifier in the
preforns of the ﬁ?’éés%"bnstho'ls‘ﬁ‘g%rgitﬂi'%%ragﬁaﬂ elsé'gﬁisag '?J'I"iﬁe?"ﬁ" WOvEn gr S yvoven fibrous
fornul ation in tHeatgfadlcess of the present invention. The fornul ation

Cﬁrmr : Sﬁs :d (1) ] 30t m&ﬂamkah&mmemgﬁ?ﬁmg& uh@ﬁhc{hdﬂﬁﬁi eaa:itg_sﬂlaam_ difirr
pnenol - nydr ocar L Lk (0] Wel erc | yCI dy
et her .of a hal og%%ﬁtfa@gaéheﬁ%gortﬁ%}ip “ér%??c't‘éﬁ"hwl&easﬁ'@g?%g%ﬁyﬁ@lgﬁﬁfgper cent
pol yhydric pheno IteBPe"pmG}/?téeaF@Q"Fntt prefigrably becomesjjowiable and tackyapa tempBrajure giat
p fer cent t ! : q uit ]9 e ?ﬂaeywc;&ito_?é pr@ﬁkib?ﬁb to atleast 50%ahé %&!pﬁeraﬁy mbla{ héﬁd't eo°|@rrnun_t

or a catalys or [ clLon " 5] 0]0).4 [ €Sl e po enol . resin.
35 Whon tho 1 o mEPEETRN oh gkl e attbeifite Seet tnag 2B mbre pHIRERY At

cont ai n Conponenttemperptusenf l¢ssthan 1AEGand mostipoaferabln et adamperatucemdlessthan 15ATG: (The
resin formul ati ORamb tentfeRitire dfietia drOprefekdbly M MRMRIAlIPLydh BRPorent in tHe ackifier.)

tackifier Ts uselul 1o MaS LRt contains (e 3t14ad che eSoxy retin, dnd () ot lcast One curing |~

agent which is capable of reacting with the epoxy resin, but (¢} no catalytic amount of catalyst
for the reaction between the epoxy resin and the curing agent.

The epoxy resins are preferably poly(glycidyl ethers) of one or more polyhydric
phenols, such as biphenaols, bisphenols (such as bisphenol A or bisphenol F), novolac resins,

15 phenol-hydrocarbon resins and halogenated variations of those resins. A more preferred
epoxy resin mixture contains a mixture of: (1) a poly(glycidyl ether) of a phenol-hydrocarbon
resin, and (2) a diglycidyl ether of a halogenated bisphenol. '

Examples of phenol-hydrocarbon resins, their glycidyl ethers and processes to
make them are described in Nelson et al., U.S. Patent 4,390,680 (June 28, 1983); Nelson,

20 U.S. Patent 4,394,497 (July 19, 1983); and Bogan et al., U.S. Patent 4,710,429
{December 1, 1987). The phenol-hydrocarbon resin is highly preferably a condensation preduct
of dicyclopentadiene and phenol, such as is represented in the following formula:

25
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tackified substrates, matrix resin fornulation and process of the present

i nvention are useful to 30 make matri x conposites. In addition,

t hetackifierand matrix resin fornulation of the present invention may be
useful for other purposes, and the tackified substrates and process may be
practiced using different tackifiers and matrix resin formul ations. The
present inventi eswoesiess4a rei nforcing substrate. Suitable reinf @orosssasiar e
wel .- known and familiarto persons of ordinary skill in the art. See, for
exanpl e, Kirk-OQhnmer, 35 Encycl opedia of Chem cal Technol ogy- Suppl enent,
"Conposi tes, H gh Performance," at 260- -281 (J. Wley & Sons, 1984). The
substrate usually contains fibers, such as quartz, aram d, boron, gl ass,
carbon or gel -spun pol yethyl ene fibers. Thefibers can be unidirectional or
mul tidirectional. They may be in the formof woven or non-woven mats or in
the formof -2- WO 96/ 37354

PCT/ US96/ 07161 random short fibers. Preferably, the substrate is in the
form of awoven or non-woven fibgous material. The substrate is contacted
with a tackifier under conditiqys such that the tackifier partially
adheresto the fibers. The tacltfier should be a solid or a glassy solid
upto 5 tenperatures of atpl’eapt 40C. It preferably becones flowabl e and
tacky at a tenperature of at “Webst 40[err]C, nore preferably upto at |east
50[err] C and nost preferably uﬁﬁo at least 60C. It is preferably.an
injectable liquid at a tenperatglre of S\t han 200C, nore preferably at a
tenperature of |ess than 175[er3 C nmot\preferably at a tenperature of

| ess than 150[err] C. (The
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same tenperature criteria are preferably net individually by each conponent
in the tackifier.) 10 The tackifier contains: (a) at |east one
epoexy resin, and (b) at |east one curing agent which is capable of reacting
with the epoxy resin, but (c) no catalytic anount of catalyst for the

reaction between the epoxy resin and the curing agent. The epoxy resins are
preferably pol WabsaTsseyl et hers) of one or nore pol yhydric ph@oarus9sglieh as
bi phenol s, bi sphenols (such as bi sphenol A or bisphenol F), novol ac resins,

phenol - hydr ocar bon, resi,nsand hal ogenat ed vari.ati ons of those resips. nor e
preferred epoxy r¥efRrnf X‘FB'F?"%SH 98 "umperaf W@“B‘P.““'{‘ﬁtm‘g' %F@tabf}fﬂéf’a [more
et her) of a phenobrefepablyfttasisndmestpreferabdyQito2? Thecepdiveiayivalehtiweight (FEWO bf the

hal ogenat ed bi sphsHaabl-hyErRaEBeMEsiHIE prefedalo) bt EnA99ENaAD0, bRPIBRe préfiiably between
gl ycidyl ethers Sibggﬁé? esses to make them are described in Nelson'et al.,

U S. Patent 4,39 une 28, 1983); Nelson, 20 U.S. Patent4, 394,497(July
19, 1983); and Boganet al . , Thediylydiyt esher oda d 6genai@d bisphenolispreférably 8 8ig)ycidylether of

phenol - hydr ocar bofuroRiabed bis mnebmmtg{r&aﬁb@laIasgnﬁadgumﬁm?&rﬁm&ep lBiQﬁHéﬁLl L4nd

i cycl opentad ene e E e, dlabRcRL A " e 1O OW g

PCT/ US96/ 07161 [err] The curing agent is preferably selected such that it will not substantially cure with
the epoxy resin at ambient temperatures without a catalyst. Examples of preferred curing
10 agentsinclude: polyhydric phenals and/or phenolic resins, carboxylic acids, carboxylic acid
anhydrides or mixturesthereof.

Polyhydric phenols and/or phenolic resins which are useful as curing agents
preferably contain on average more than 2 phenolic hydroxyl groups per molecule and more
preferably at least 3 phenolic hydroxyl groups per molecule. The maximum number of

15 phenolic hydroxyl groups is not critical, but is limited by practical considerations, such as
viscosity and glass-transition temperature. In most cases, the polyﬁydric phenol' or phenolic
resin preferably contains on average no more than 12 phenolic hydroxy! groups per molecule
and more preferably contains on average no more than 8 phenolic hydroxyl groups per
molecule. The polyphenol is preferably a novolac resin and more preferabiy a cresol-novolac

20 resin. .

The tackifier may optionally contain other, non-catalytic components. For
instance, the tackifier may contain thermoplastic polymers, rubbers or elastomers, or other
modifiers. .

Thetackifier should not contain a catalytic amount of any catalyst for the reaction

25 between the curing agent and the epoxy resin. Examples of catalysts include: amines and
ammonium compounds, phosphine and phosphonium compounds, aliphatic sulfonium and

_ arsonium compounds, and heterocyclic nitrogen-containing compounds. More specific
examples of catalysts are described in: Bertram et al., U.S. Patent 4,594,291 (June 10, 1986}
(Column 8, line 59to Column 9, line 11); and Bertram etal., U.S. Patent 5,134,239 (July 28, 1992)

30 (Column 2, line 1510 Column 23, line 29). The tackifier preferably contains less than ’
0.05 weight percent catalyst, more preferably less than 0.01 weight percent catalyst and most
preferably about 0 weight percent catalyst.

. The epoxy resins, curing agents and other components are blended to make the
tackifier. They are preferably melt-blended, cooied to solidify the melt and then ground toa
. 35' powder. The average particie diameter of the tackifier is preferably no more than 150 im,

more preferably no more than 100 ¥m and most preferably no more than 75 tm. The minimum
average particle diameter is not criticat and is limited by practical considerations, such as
handling and application. In most cases, the average particle diameter is preferably at least
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PCT/ U896/ 07161 wherein "a" represents an average nunber of repeating units
whi-ch is preferably 0 to 10, nore preferably O to 5 and nost preferably O
to 2. The epoxy-equival ent weight (EEW of the phenol - hydrocarbon resin is
pref-erably between 175 and 400, and nore preferably between 200 and 260. 5
The di gl yci dyl WO9eeéB7354 a hal ogenat ed bi sphenol is preferably RCTUS6TLEY |
ether of a bromi nated bi sphenol, nore preferably a diglycidyl ether of

broni nated bi sphemehménan.drerm&&anmueas@éd% %lﬂh%&ﬁémﬁroﬂnmﬁdl%tobebound) that

t et r abr onobi sphenol The curin ra selected s at |
will not substant |%ﬁhf§"rgﬁfgp%???gi'ﬁ§"3'bo?§}" &8’ g°'5'{"]a§%ﬁagﬁ’ﬂt'°tt§ﬂ|5@95‘ﬁfp%'§at
wi thout a cat al ys the sisfacesif the pertticip,vdfidrcoptinuginto thy ce@terpf theiperticiec Thetefore, itis
pol yhydri c phenol gdmggauspg@,gggmgwaﬁﬂé}&e car boxyl i c acids, carboxylic

acid anhydrides or m xture t here enol S- and/ or phenolic
resins which ade useful as EE‘*‘ﬁﬂ%ﬂﬁiﬁ%‘}/ﬁﬂ?gé mm%‘i‘ﬁ“ﬂwgﬁ)’&%@hﬁ%re
than 2 phenolic hyldldab(qxﬂbegsnmﬂpdesiredshapémdﬂoﬁtnanﬂumkemgﬂtaﬂe&vbmmsdm@st 3
phenol i c hydroxyl oeusGierdlR so ﬁem‘é'?&rgi?ﬁ‘% Wg‘ﬂ&pr @ﬂkfu?{th?é:gﬂ&ﬁ'm e

hydr oxyl groups |g not crltlca ac
consi derati ons, sStbtrate %B%tlt!'?f"aaﬁ'ﬂfe@!sa%“?‘?'bﬂé?aﬂo&ﬁ"‘F%@?’éﬂ“&?@heﬂ?ﬂ"aﬁ-
nost cases, the poimonyshefeeabiiaeivadt 1 meightpercent andmast preferablyat ladst 3 weight pdrtsht.Orhe

average no norée t E@Q\ &30&9&%" i %e@ﬁi% ﬂ%“l?ﬁwg g{\tpmh ok ﬁﬁg’a@) Ingre

preferably- cont'8i ffs on aver ag 0 nor rox groups per
mol ecute. The pol yrﬁﬁ@'ﬁ'elvnvwmfvmcmemmeﬁpwwlmmt@ngmmamgm

a cresol -novol ac The tackifier may be applied by known methods for powders, such as by
sprinkling or electrostatic application. It is preferably applied substantially evenly across the
substrate. The tackifier is heated above its glass-transition temperature to cause it to adhere to

45 the fibers and to adhere the fibers together. This step may be carried out either when the
tackifier is applied or afterward. The temperature is preferably iow enough that the tackifier
does not cure substantially. The temperature is preferably between 40°C and 150°C, and more
preferably between 80°Cand 110°C.

) Individual plies of tackified substrate are preferably shaped and/or laminated

20 togetherto make apreform after the tackifier is applied and before the composite is made.
For instance, multiple plies may be pressed together at a temperature above the glass-
-transition temperature of the tackifier. Likewise, individual plies or laminated preforms may
be molded or shaped at a temperature that is above the glass-transition temperature of the
tackifier and that does not fully cure the tackifier. The teniperature is preferably as previously

25 described for adhering the tackifier. Examples of shaping and laminating different preforms

. are described in: Heck, U.S. Patent 4,992,228 (February 12, 1991); and Fione,
U.S. Patent 5,080,851 (January 14, 1992).
The preforms are used for resin transfer molding by: (1) loading the preform into
amold; (2) injecting a matrix resin formulation into the mold; and (3) curing the matrix resin

30 formulation. (Theoretically, the tackifier cures simultaneously with the matrix resin, although
direct observation to verify simultaneous curing is difficult.) The matrix resin formulation
contains at least one epoxy resin and at least one curing agent. The description and preferred
embodiments of the epoxy resin and curing agent are the same as previously described for the
tackifier. However, the matrix resin formulation optionally contains some resins of lower

35 molecular weight which reduces the meit viscosity of the formulation. Moreover, the matrix
resin formulation should contain a catalytic amount of a catalyst for the reaction between the
epoxy resin and the curing agent. '
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20 resin. Thetackifier may optionally contain other, non-catalytic
conponents. For instance, the tackifier may contain thernoplastic polyners,
rubbers or elastomers, or other nodifiers. Thetackifier should not contain
a catal ytic anmount of any catal yst forthe reaction 25 between the curing
agent and the epoxy resin. Exanples of catal ysts include: am nes and

anmoni um conposwoss7asinosphi ne and phosphoni um conpounds, al i plret/Us96/07161

sul foni um and arsoni um corrpounds and het erocycl i ¢ nitrogen-containing

conpounds. More specific descri be Bertram et
al., U'S. Patent 4,594,29 "Eu’ﬂ’e’e Sa ‘g‘é’B')‘ ’i“glﬂ%"%’"*‘*r‘f‘FFé'"g‘éf'“PB oA B m 9,
line 11); and Bernr#awbmeespnﬂa"wldsnﬂqaupehﬁep@tyxsm(szw cuing ggents) intBOakifig, so that
(Colum 2, 1ine Xhetaekifiérandmatikresin foenubstibn cuT@'&ﬁr&ﬁ&JsdeﬁﬁalQ"eSﬁanié’h@éuYed

M At TN F R R R A AR AR
catal yst. The ®pdvarixresinformulatieoning agents and ot her conponents are bl ended
to make the tackiger. Thgps &ﬁﬁfﬁ&@h&aﬂyﬂﬁum&lewﬁeﬂusﬁqmﬁﬁngﬁlem,
Gramet et of tne. Mok 1 or PeEABIESY My HIR BT SOPHEN TERpeRrenk i it ks
no nore than 100 m and noreactiye gtesmadse prefemblyat leatt Bowr 90 Hencent, ind mostipreferably
average particle dianet eresget;mgwaucrl tical and is limted by pract | caI

consi derati ons ch as han and plicati I n npst ¢
average parti c1°e% i anet er PEET é?‘ﬁﬂ? a&‘l’aq @é@?‘"‘”%‘éﬁﬂgg Af""'"ea‘h“he’by

PCT/ US96/ 07161 no more than a 5:1 ratio, more preferably no more than a 3:1 ratio and most
preferably no more thana 2:1 ratio;
{d) _ preferably have average equivalent weights that differ from each other by no
more than a 5:1 ratio, more preferably no more than a 3:1 ratio, more highly
15 preferably no more than a 2: 1 ratio and most preferably by nomore than a
' 1.5:1 ratio; and
{e) preferably differ by no more than 50 percent, more preferably no more than
25 percent and most preferably no more than 10 percent in their concentrationin - -
the formulation.

20 Suitable catalysts for the matrix resin formulation have already been described
and are well known in the art. The catalyst is preferably an amine, a phosphonium sait ot an
imidazole. it more preferably containsa 2-alkylimidazéle. atetraalkylphosphonium saltoran-
alkyl tritolylphosphonium salt. The concentration of catalyst is preferably at least 0.05 weight
percent and more preferably at least 0.1 weight percent. The maximum concentration of

25 catalyst is not critical and is limited primarily by practical considerations, such as cost, cure time
and properties of the cured resin. In most cases, the concentration of catalyst is preferably no
more than 5 weight percent and more preferably no more than 2 weight percent.

The quantity of matrix resin formulation should be sufficient to hold the fibers
together, to maintain fiber alignment and, preferably, to transfer loads around broken fibers.

30 [tisusually preferable to minimize the quantity of matrix resin formulationin the composite.
After curing, the matrix resin formulation and tackifier preferably make up at least 25 volume
percent of the composite and more preferably make up at least 35 volume percent. The matrix
resin formulation and tackifier are preferably no more than 75 volume percent of the
composite, more preferably no more than 45 volume percent and most preferably no more

5 35 than 40 volume percent.

The matrix resin formulation is preferably applied under suff' cient pressure to
force it throughout the preform, so that the preform is impregnated with resin and voids
within the cured composite are minimized. The matrix resin formulation is preferably applied

7-



45 mand nore preferably at least 50 m It is theorized (w thout intending
to be*bound) that in the curing step, the catalyst in the matrix resin
formulation can initiate curing reactions at the surface of the particle,
whi ch continue into the center of the particle. Therefore, it is

advant ageous to use a small particle size. Thetackifier should be applied
to the substratwoisfiz@sqguantity great enough to hold the fiberspésosoberiél
desired shape and position, but small enough to |leave the resulting preform
porous, sothat, later, the matrix rgsin.fqQrnulation can infuse throughout
Dhe substrate.  ThERTrHTES Qe vacudm pTRRpsig-heie siepugly  pressiiasipo ey osshe mpghe
percent of the suthetprasuereahtheiniehmaybe adliigh 23400 /psigsvhile preestigtat theonties isiSO psigior
mos]g pr g}‘ erably abﬂeﬁ%&tl:égeﬂ\éﬂ_niﬂb&h itméﬁﬁaltycon]}si& H‘w"aﬁﬁt% s?amaé pérééﬁk\}oiﬂcs,q’ﬁofgls
preferably no nore n wei ercen .t he substra nmore preferably
no nore than 8 \NEP'&*H%‘PC’B?\'F t%r?é"ﬁjﬂg‘f’p ¥ éﬁﬂ“ﬁ WWF'@%H&W%‘&E’JR[“’“
percent The t agki pereantwaigs. be appli ed by known nethods for powders, such as

by sprinkling or el eCtrOStTﬁéhnStrﬁPQHfﬁﬁﬁJla%BnﬂMtaE@ Léﬁm@gg%%mmm

substantially evenly acraossthe substrate. Thetac ler Is ve Its

gl ass-transiti on PoRFEpditinnssyitphletqdullycyrethem, Agaip the eptireum time pndiemperatiee vagies
adher et he fi bers twilglytdapendinbhipsn thieanatrivagsinfornodationacd tadkifieriusdtiand wilkhe farhitiar to

tackifier is appl h&Gehn@kilaliPheahThe HAGI b U brerably 3015128 hitrthe at £
e e i e e preferabiy EmpHranps

thatthetackifier does not cure s A . erature 1's pr
bet ween 40[ er r p¢ SFRY’CAaABEE However, for samematriioanulasians.tha RestsHringtemperptarenry be
110[ err] C. I ndi vi auhigh a8 250°6 oxrhore aTHe fihbledringstep ispréferably corwpleed Inaimhald thatdgaad
and/ or | am nat ed érggihggg . f'%si?edgﬁﬂor mafter the tackifier is

' Teis mde.

applied and bef or € Ccaonposi For instance, nultiple plies may
be pressed together at a {TBefssyitingcueedspmpasite ¢3a bg kepled, finished And yspdjn the ordinary

tenperature of th@ahrikeFdriiatiix compbses.se, i ndividual plies or |am nated

preforns may be. ol ded or S50t Ao forhGlHSH B b f hhiHerd sha BB Fesh Eornains:

gl ass-transitidf tenperatGre o .
4] 30 to 50 weight percent epoxy resin derived from a phenol-hydrocarbon resin,

more preferable 35 to 45 weight percent and most preferably 40 to 43 weight

percent;
(73] 20 to 30 weight percent diglycidyl ether of a halogenated dihydric phenol and
20 more preferably 25 to 30 weight percent;
3 20 to 40 weight percent polyphenol resin, more preferably 25 to 35 weight

percent and most preferably 27 to 33 weight percent; and
) optionalily, up to 15 weight percent liquid epoxy resin, more preferably up to
10 weight percent and most preferably up to 4 weight percent.

25 The foregoing percentages are excluding the weight of solvent, if any. The
formulation may further contain organic solvent when it is used as a matrix resin formulation,
but it preferably does not. The solids concentration is preferably at least 50 weight percent,
more preferably at least 75 weight percent and most preferably at least 99 weight percent.
When the formulation is used as a tackifier, Element (4) is preferably not used. Whenthe

30 formulation isused as a3 matrix resin, Element (4) is preferably used. Formulations which
contain liquid epoxy resin - Element (4) - preferably contain at least 1 weight percent. The
formulation may also contain catalyst, optionally. The preferred minimum quantities of
catalyst are as discussed previously.

The process of the present invenﬁoﬁ is more fully illustrated inthe following

35 examples. )



tackifier and that does not fully cure the tackifier. The tenperature is
preferably as previously 25 described for adheringthetackifier. Exanpl esof
shaping and |am nating different prefornms are described in: Heck, U S.
Patent 4,992,228 (February 12,1991); and Flonc, U S. Patent 5,080, 851
(January 14, 1992). The preforns are used for resin transfer nolding by:
(1) | oadingthewossi3essan into a nold; (2) injecting a matri X re®CIUS96/07161
forpulation into the nold; and (3) curing the matrix resin 30 fornmulation.
(Theoretically, téuet alggi fier cures simultaneously with the matrix resin,

al t hough direct tion to verify sinultaneous curing is difficult.)
The matrix resin fornul at Teafotewinaexampleis fordliustrativepurposes pnly i shouldmbt he taken ax

one curing agent [ii€ng'®esdop®bf MherthelspRafidation SIdheaRnE) RMEL Stherwise HBte@RAIPPAIts

resin and curing 2 ent ar.e etshl%bsgvrereh s previously described forthe

tacki fier. HowevelF REREPISI XY™ or mul ation optional Iy contains some
resins of |owes 35 nol eculkafollpwingmelarialsare usedindbe eamplee| t vi scosity

of t hef or mul at i on. gpbly RRAKA- is alditflycitigl ithe¥ of teFdbRorh@BisPHLrid) hathg TR epdiibiecqiilAént 2
catal Juic amuNt of oA iR Al £ Ral ShalEH b 1 B Ui Eoriihy o
PCT/ US96/ 07161 THBE-BjG43/epoxyresins) and curing agent(s) in the matrix resin

formul ation are yehyAesihbYis@esdiglyalijl ¥hbid? B Hichddpeh@aleREpinaiotigbis Efox) R&THE

For milat fon s ults P o PirEeaseBols3R apPo SyBA A PO RSN MR pRout sy
i nstance, the epEpyxyResing- itk plyolyridyl ethenuf a disyghapeatatien@phenbloligemdei Epoay Resint
the contains on average about 2.2 epoxy groups per molecuie and has an EEW of 215to 235. itis
commercially available from The Dow Chemical Company as TACTIX* 556 epoxy resin.
Epoxy Resin D - is liquid diglycidyl ether of bisphenol A having an EEW of 172t0 176.
15 Novolac Resin E - is a cresol novolac resin containing about 6 phenolic hydroxyl groups per
molecule, which is comniercially available from Schenectady Chemicals, Inc. as CRI-406.
Catalyst F - is a product obtained by mixing tetrabutylphosphonium acetate-acetic acid
complex and fluoboric acid.
Example 1- Pracess Using Mixture of Phenol-Hydrocarbon Epoxy Resin and Halogenated
20 Epoxy Resin. _
A tackifier was made by the following procedure. A 5,663 g quantity of Epoxy
Resin A and a 3,215.5 g quantity of Epoxy Resin B were melted separately at 150°C. Both resins
were mixed in a reactor at 145°C. An additional 7,014.5 g of Resin B flakes were added to the
molten mixture and 6,770 g of Novolac E flakes were added. The mixture wasstirred for
25 50 minutes and then drained onto foil and cooled to room temperature to solidify. The solid
mixture was broken, ground and sieved to an average particle diameter of no more than
106 im.
A tackified cloth was made by sprinkling the tackifier on carbon cloth, heating
the tackifier to 200°F to melt it and then cooling the tackifier. The cloth contained 4 weight
30 Ppercenttackifier atthe end of the procedure.
A preform was made using 8 plies of tackified cioth. The plies were stackedina
vacuum bag apparatus and a vacuum was pulled to put 1 atmospheric pressure on the stack of
{ plies. The plies were then heated to 200°F (93°C) and cooled to room temperature to make a
preform.
’ 35 A composite was made using the preform. The preform was placed into a
matched die mold, which was sealed and placed under vacuum. A matrix resin formulation was
injected into the mold. The formulation contained: 26 weight percent Epoxy Resin A,
42 weight percent Epoxy resin C, 3 weight percent Epoxy Resin D, 30 weight percent Novolac

-9-



5 matrix resin formulation: (a) preferably contain essentially the
sane+reactive sites as the curing agent; (b) preferably have in
common at | east 50 percent of backbone units that link the reactive sites,
nore preferably at | east 80 or 90 percent, and nost preferably essentially
all; 10 (c) preferably have wei ght average nol ecul ar wei ghts that
differ fromeawoosistesa by no nmore than a 5:1 ratio, nore pref @HYSPOIW! hpr e
than a 3:1 ratio and nost preferably no nore than a 2:1 ratio; (d)

preferably have R4 E%.% J%rﬁ;")r@é’g% F%*’?’z%?ty ﬁﬁgpgﬁéuwdi&f]e?rfoﬁﬁg@hs@&& 1998 SFhe DY

no nore than a 5: _ [ nore than a 3:1 ratio, nore
hi ghly 15 productisacpmpesiiePanth nore than a 2:1 ratio and nost .
preferably by no nore than a 1.5:1 ratio; and (e) preferably differ

by no nore than 50 percent, nore preferably no nore than 25 percent and
nost preferably no norethan 10 percent in their concentration in the
formul ation. 20 Suitable catal ystsforthe matrix resin
formul ati on have al ready been described and are well known in the art. The
‘catalyst is preferably an am ne, a phosphoniumsalt or an imdazole. It
nore preferably contains a 2-al kylim dazole, a tetraal kyl phosphoni um sal t
or an al kyl tritolyl phosphoniumsalt. The concentration of catalyst is
pref erabl yat | east 0.05 wei ght percent and nore preferably at least 0.1
“wei ght percent. The maxi mum concentration of 25 catalyst is not critical
and is limtedOprimarily by practical considerations, such as cost,
cureti.ne and properties of the cured resin. In nost cases, the
concentration of catalyst is preferably no nore than 5 wei ght percent and
nore preferably no nore than 2 wei ght percent.

15

20

25

30

35

-10-



. The quantity of matrix resin formulation should be suff|C|en d the
fibers together, to naintain fiber alignnment and, preferably, ‘ la“ed
| oads around broken fibers. 30 It is usual l'y preferable to m
quantity of matrix resin formul ati —-coRposte; After c
matri x resin formul ati on and tacki {iTe&lS SHEEEHAS| BEEMake up at | east 25
vol ume per cent waboddressaconposi te and nor eRERLACEDabl y pake up atpdraneéoié
vol ume percent. The matrix resin for atron Ckifier are preferably
no nore than 75 vgl EE percent of the conposite, nore preferably no nore
than 45 volunme p and nost preferably no nore 35 than 40 vol une
percent. The matrix resin %or Athdifiedsubstcatpcamimisiabl y appl i ed under
sufficient pressupg to f0ra@i%eﬂohssﬁ&[r@l!éﬁﬁi@éﬁéf@ﬁus@Fneaf:\%tmcoﬁx%miéﬁe preformis

i npregnated with sin an wWi.thin th osite are mnimzed.
The matrix resin {zgrrrul at %W@F@%ﬁ?&a gﬁffeeé8° g WO 96/ 37354

PCT/ US96/ 07161sat pressuréa) f mtleastonempoxyresif; 600 psig. There is frequently

a pressure drop e inlet my be as
high &s 400 psi gaav\'/{??a%%"%%ﬁn?&?g‘eﬁﬂ f&J}ﬁEster ﬁﬁhﬁr%’ﬁé;ﬁﬁ | ower. The

or
cured conposite preferabl onPHF?%°W6“?Rﬁ@FH§H"§em%W§gMcent voi ds, nore
preferably no nore than 2{dol Oneleptiao®Siweight gercem df the following tam@duhys widchhant &

than 1 volunme 5 percent voids, at;}p&f J“}'ﬁgFﬁ&m&’%ﬁ“e@”wwwﬁamﬁ’?uﬁ"%

are then subjected to tenperature an er c |Qnsa§§w
curethem Agai M@ the opti mum @IYAMEONILM Eompauags, phe phosp °“'“"“°’“P°“" S
aliphatic sulfonium compounds and arsonium, and heterocyclic nitrogen-

~containing compounds.
2.  Atackified substrate as described in Claim 1 wherein curing agent of
Component (b) contains any one or more of: a polyhydric phenol or phenolic resin, a carboxylic

15 acid or a carboxylic acid anhydride.
3.  Thetackified substrate of Claim 2 wherein the tackifier becomes flowable
and tacky at a temperature between 40°C and 200°C.
4.  Thetackified substrate of Claim 2 wherein at least one epoxyresin is a
glycidyl ether derivative of aphenol-hydrocarbonresin.
20 5.  Atackified substrate.as described in Claim 2 wherein the curing agentisa
polyhydric phenol or phenolic resin.
6. Atackified substrate as described in Claim 2 wherein the tackifier contains:

1) 30 to 50 weight percent epoxy resin derived from a phenol-hydrocarbon resin;
(2) 20 to 30 weight percent diglycidyl ether of a halogenated dihydric phenol; and
25 ) 20 to 40 weight percent polyhydric phenol or phenolic resin.
7. Amethod to use a tackified substrate as described in any of Claims 1 to 6
comprising the steps of:
(1) placing one or more of the tackified substrates as described in any of Claims 1 to

6, individually or as a preform, in amold;

30 (@ injecting into the mold one or more matrix resin formulations which contain:
(@) anepoxyresin, and
{b) acuring agent for the epoxy resin, and

) (0 acatalyticamount of catalyst for the reaction between the epoxy resin and
the curing agent; and
. 35 (3) curing the matrix resin formulation.
8. A formulation comprising:
{1) 30 to 50 weight percent epoxy resin derived from a phenol-hydrocarbon resin;
2 20 to 30 weight percent diglycidy} ether of a halogenated dihydric phenol;
-11-

RN QAL A



wi dely dependi ng uponthe matrix resin fornulation and tackifier used and
will befamliarto persons skilled in the art. The final curing step is
preferably 30 to 120 minutes at aprteoperature 10 of 90[err]C to 180[err]C
However, forsome matrix fornul ati pfiHIS BHEPREASWEERGt enper ature may be as
high as 250[err]C or nmore. The fipal cygppgeshepr 1S preferably conpleted in
a nold that carwpmnesrs€e a conposit } shape. The PeHUS%OTIG
cured conposite can be cooled, finished and used in the ordinary manner for
matri X conmposites.,l5 . resia f 8 for use in '
tackifiers and mat(?)i X resizr?gg%"ﬁtéggﬁg&gﬁ %ghyﬁbﬁﬁé%;%gghh\%g?’ght per cent
epoxy resin derivd® from PrYRRAY uRtp &P WeightRsrrentdiyid epayy Fesinpdngk er abl e 35 to
45 wei ght per cent wheteimsueh welgietfpercaithges éktiude thkIvaight oifsbiveret]icaryt ; ( 2)

20 to 30 wei ght percent diglygl . t [ . | enol
and 20 nor e prge"f‘\é{rsgt'ﬂ%/t .@@2@ %sc%d\%eéliéh? q%g:?'ggg’tn% ?%‘)garlﬁ én 20
to 40 wei ght per c&amppegniséien®)- resin, nore preferably 25to 35 wei ght
pe{_centlfmd motst gref e_raﬁltm. R?oﬁrm:aalspuﬁewﬁbd e&ﬁtﬁﬂﬁ@hi%nﬁaﬁsﬂo]pwei ht percent
optionally, upto el ercent..liqu resin r re eraaa up
Lo 10 el ght per o Iou EPore B pRDyhls ol R fpS el el efas gt ona vt
The foregoi ng percentages are excluding the weight of solvent, if any. The
formul ation may further contain organic solventwhen it is used as a matrix
resin formulation, but it preferably does not. The solids concentration is
preferably at |¥ast 50 wei ght ‘percent, nore preferably at |east 75 wej ght
percent and nost preferably at | east 99 wei ght percent Wen the fornul ation
is used as a tacki-fier, Elenent (4) is preferably not used. Wen the 30

fornmulation is used as a matrix resin, Elenent (4) is preferably used. !
For mul ati ons whi ch ’

15

2 This Sheet Has Been Replaced
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KOV, VON:ERPPA MU ENCHEN oG HE TSR TS by : oLy ol G Ve GRUERE VRS S T T
é¢et8lai n |iquid epoxyresin-El enent (4)- - atl east 1 weight
percent The fornul aticon may al so contjal MEITMS Bepyifonal ly. The

preferred m ninmum quantities of catalfyst aREPlafECE(m scusged previously. The

-process of the prese OT Ty Htust+at ed i nthe fol | owi ng
35 exanpl es. §9§t§k}l§g§fi1§db99at’esco%'}|§|nb

PCT/ U896éﬂ7161 Exa %{gﬁosg@%%wgfmﬁ% g(%agreigé bééitHiér'{ tive purposes

onl yand oul d not el t

Speci fi C?él on ort h&agt@llﬁexpﬂ%ﬁééqt% Q?éé%ﬁ%?cé f all parts and

per cent ages are by Wei gh are usedI'hl
Epoxy Resin A - pf tetrabronobi sphenol
epoxi de equi val ent(aae?‘g'ﬁ%ﬁ%g% ?%@St o] 355, that i's cormer

ava| | @bl ghar s QABPizbAS FIEW yC| ﬁ% £ * 542 epoxy reS| n poxy

in B- 1s the po dlcyclopentadlene phenol ol i goner. -

Epoxy Resin B 10 c qa% %ﬂfﬁ |.eand
hasan EEW of about&’25%‘'g%toxy%}gﬁ"i g@ﬁ%ﬁ@ﬁ%;@% g[&ﬁﬁn e‘ﬁgféa

di cycl opent adi ene- phen@thdﬁPgbm p@pwesiaswbq;r enczduonmlxmweamw;ear@bout
2.2 epoxy groups per nolecule and has an EEWof 215 to 235. It is

commer ci al I yavai | atf) €012 log$ thae Obweightagreent obihe felinping qumprures whishegtae

E R D- |
rEE\S/\Ib? 178();% 1?2' N D cdtiyts H Louing rydctioy be%ﬁr@mﬂﬁn%%%ﬁndﬁbf’%lﬂgs an

10 and ammonium compounds, phosphine &nd phosphomum compounds,

aliphatic sulfonium compounds and arsor ium, and hsteracyelic nitrogen-
containing compounds.

2. A tackified substrate as described in Claira 1 wherein curing agent of
Component (b) contains any one or more of: a polyhydric pt enol or phenolic resin, a .
15 carboxylic acid or a carboxylic acid anhydride.

3. The tackified substrate of Claim 2 wherein the tackifier becomes flowable
and tacky at a temperature bét_ween 40°C and 200°C.

4. The tackified substrate of Claim 2 wherein at least one epoxy resin is a
! glycidyl ether der%vative of a phenol-hydrocarbon resin.

20 5. A tackified substrate as described in Clair1 2 wherein the curing agent isa
polyhydric phenal or phenolic resin.

6." A tackified substrate as described in Clairy 2 wherein the tackifier

contains:
(N 30 to 50 weight percent epoxy resin derived from a phenol-hydrocarbon resin;
25 (2 20 to 30 weight percent diglycidyl ether of a he logenated dihydric phenol, and
| (3) . 20to0 40 weight percent polyhydtic phencl or phenohc resin. |

) ) O R LA
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REY. VON S EPA MUENCHEN 06 R EFLE Rl P R
sbpefNovol ac Resin E - isa cresol novdt resi-A—eont-aini ng about 6 phenolic
hydr oxyl groups per nol ecule, which i@%&ﬂﬁﬁf&lﬂ@ BEMayai | able from -
,Schenect ady Chemicals, Inc. as CRJ-406. RERUACED F - |s a product obtained
by m xing tetrabutyl phosphoni um acetat e- acet’ c apny X £l iC
acid. Exanple 1 - t7Pr 868% ,°‘€J€ﬂ‘ﬁ5§ ﬁ%ﬁ%’ﬁ?@s@?ﬁﬁﬁ@ oﬁgﬁﬁp T o'l(‘:g%ggrﬁgﬂ‘(fb;t%%si n
and Hal egmpadifgthéGteps of: Epoxy Resin. A tackifier was nmade by the
foll owi ng procedure. A 5,663 g quantity of Epoxy Resin A and a 3,215.5 g
quant i t yy)of Epoxy plaemigronB onericee ofthe eatkified autmtratey: ast desbiiljeskin pay oBdiaimsresi ns

were mxed in a reagtor. .t 145C. _An (g . 7,014.5 g of Resin B fl akes
were added taq the?chérl'?@Wgﬁl&t%ﬁgagﬁﬂg@ﬁafﬁg&% Novol ac E flakes were .
and foolBd o r oofitanparHaEes SEepr PR MetHasdn G hoY B c.,
ground and si eved,t,0 _an ave;g e 'ﬁirti cle diameter of no nore than 106 m A
tackified cloth V\é@ ﬁﬁcfé"oﬂf/e g’rF ling the tackifier on carbon cloth,

heating the tackifier ta 200]er o | ] i .
tackifier. The cl &h ac%‘ﬁ'{‘ﬁ?ﬂ%'ﬁfélj ‘ﬁ?e%é?%&g%%“ B@Fgéggihte?%@ﬂ{‘?géer‘%%‘ﬂ@’ygﬁ‘c’i of
the procedure. A prefphemniyprenciciesinstcarpoxyliphcid or oixtures Meréafand ot h. The
plies were stacked in a vacuum bag apparatus and a vacuum was pulled to put
1 at nospheric pr esurccatalyticramaunbioficatdlyst fordise replatiorpbatweemiheeporieiosiieat ed to
200[err]F (93[err]C C . m tenperature to nmake a preform 35
A c dﬁ‘p aﬂ@?fg\eg%@%}g&& AP

osite was nade U reform The preformwas placed into a

mat ched ,gli e nol d, i : Bl aced under vacuum A matrix resin
@ ol e Wi Rl iioR

f ormul at't'on was inje The fornmul ation contai ned: 26
wei ght percent Epoxy Resin A, '

YT I AR PR I ] b8 B9 230000 e S
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42',wei."g‘}ht?perc’ent Epoxy resin C, 3wei ght percent Epoxy Resin ht
percent Novol ac -9- WO 96/ 37354 %EPEA)CEMEEN% SHEET
PCT/ US96/ 07161 Resin E and 1 weight percent Catalyst F. The panel was cured
for three hours at 177[err]C. The product is a conposite panel. 5 10 15 20

25 30 35 1.1, AA aelifibd 8ebstrbe dofptisingonpri sing: (1) a fibrous
substrate suitable for use in a matrix conposite; and (2) about 0.25 to

15 wei ght (yger Cﬁrﬁbrdﬁs RbdtAK bfitable B N8eAin™ Rgirix( Bmposited aieNol - hydrocar bon
resin gl yC| dyl derivative represented by the forrula: [err]

(2) about 0.25 to 15 weight percent of a tackifier containing:

(a) a phenol-hydrocarbon resin glycidyl derivative represented by the formula:

OCH,CH— CH, OCH,CH— CH,

wherein "a" represents an average number of repeating units which is 0 to 10,

(b) at least one curing agent containing at least one compound selected from the

group consisting of a polyhydric phenol or phenolic resin, a carboxylic acid or

a carboxylic acid anhydride, and

(©) 0 to less than 0.05 weight percent of a catalyst selected from the group

consisting of amines and ammonium compounds, phosphine and phosphonium

compounds, aliphatic sulfonium and arsonium compounds and heterocyclic

nitrogen-containing compounds, said catalyst present in the tackifier in amounts

such that the catalyst does not promote a curing reaction between Components

(a) and (b).
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whéréi‘r;. "4" represents an average nunber of repeating units w 1

10. (b) at | east one curing agent containing at | east one c Gﬂ@ﬁﬁr%ﬂfﬂ
selected fromthe group consisting of a polyhydric phenol or phenolic

resin, a carboxylic acid or a carboxylic acid anhydride, and (c) Oto

| ess than 0.05 wei ght percent of a catalyst selected fromthe group
consi sting of am nes and ammoni um conpounds, phosphi ne and phosphoni um

conpounds, aliphatic ¥y d ar | £0 nds h 0cC .C
ni {nr)ogen- cont a?hi ng %g%%@%dgmsggda%‘a g‘{pi;l;g{n l%r g%gﬁt givr‘{ﬁt%}%lel ?‘Eﬁa fi%é%dti ?lf

amounts suych that phe catalyst does not onote a curi,ng reaction. between
Conponent SRPratepnsenir B ohERR i, O TR adulidl: e’ S FbeMiea S
Claim 1 wherein curin ent of gnent (b) contains any one or nore of
. a pol yhyHPPelisnas! Prgr':a%ﬁ’é‘ﬂ'(‘il joid ?Cfgg'ﬁﬂ‘,ie'a carboxylic acid or a carboxylic
aci d anhydride. 3. The tackified substrate of Claim2 wherein the
tackifier becones flowable and tacky at a tenperature between 40[err]C and
200[err] C. 4. A tackified substrate as described in Caim2 wherein the
curing agent i$-a pdihgryckified sybetrats obClaim enwhereinrthe tagkifisr becomegs angl
use a tackified substrate as described in any of Clains 1 to 4 conprising
t he st eps tasky af h)temperghmchatgeann40°Crandh208°f t he tackified substrates as
described in any of Clains 1 to 4,

4, A tackified substrate as described in Claim 2 wherein the curing agent is a

polyhydric phenol or phenolic resin.

3. A method to use a tackified substrate as described in any of Claims 1 to 4

comprising the steps of:

¢)) placing one or more of the tackified substrates as described in any of Claims 1 to 4,
individually or as a preform, in a mold;
(2)' injecting into the mold one or more matrix resin formulations which contain:
(a) an epoxy resin; and
(b)  a curing agent for the epoxy resin wherein the curing agent is polyhydric
phenol, phenolic resin, carboxylic acid or mixtures thereof, and
(c) a catalytic amount of .cé,talyst for the reaction between the epoxy resin and the
curing agent; and

?3) curing the matrix resin formulation.
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I ndi vidual |y Was a preform in a nold; (2) Injecting into thée‘r‘rﬁljtp'i)%éq:l
or nofe matrix resin formul ati ons which contain: (a) an epoxy resi RTM{d

( by a curing agent for the epoxy resin wherein the curing agent is¢o Y

pol yhydric phenol, phenolic resin, carboxylic acid or m xtures thereof; and
(c) © a catalytic anount of catalyst for the reaction between /g

resin and the curi i‘tﬁgem; an@oﬁ@m&‘bﬂﬁ%&ﬂ%ﬁ& resin
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