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VI SCOSI TY MODI FI ER FOR THERMOSETTI NG RESI N COMPGSI TI ON Thi s i nventi on
relates to resin fornulations) and in particular to curable thernosetting
resin fornul WOOKNEI8UCh as epoxy resins. In particular enbodi RERUSI/ 16984 5
invention relates to resin formul ati ons useful for nmaking prepregs and

electrical lamnates. It is known to nmake prepregs, electrical |am nates

and ot her conposi \gscbseN AODIREAUOR RERMO SERNNARESRPEDHMFISIXIONNY
matrix resin. Such processes usually contain the follow ng steps: (1) an

epoxy-containing formulation is applied to a substrate by rolling, 1 o
di ppi ng, spraying, other known techni ques and/or conbinations thereof. The
substrate is typical | ynigiBMRA rd eng%v@far%maﬁansnaﬁd E\S%Trt?duﬁr'wcurfaﬁfe
|nstance gl ass fibers or paper. % ) The i npregnated substrate Is
"B-staged" thgrmesettinggesin fqm@mmthaa apoky resinentin particklaiverofddimenteete i n
the epoxy f. ]
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substrate tm&mrouesuwstmté EMrBepIixﬁ@bﬁglmr? makik eskim  puesrogesséd astatiypentirur
is nost co 1OOC for conposites and 130C to 180C for electrical

| am nat es. WED? NHFeRre sheets of prepreg are stacked in alternating

| ayers with 2 0 one 0{ nore sheets of ,a conductive naterial, such as copper
foil, if an electricall)l andheRoBYicenigining faemulatpn i aepliegitea gybstrate by relfing.

pressed at dipgiRg i IRARGIOMeR kAt RESH§UEsrkRr cBmbindBorfsthére6t. €THe dubstrifelst he
resin and forma lamnate. The tenperature of |lamnation is usually between

100C and 2%@Ca'a/najWPgeWsﬁonwpveéhﬂtt%meééﬁntmem o instenge;, glagediberson paRepat i on
step may al so be carried out in two or nore stages, such as a first stage

bet ween 100C and 15002And HesBpemanatadsubstate isBrrtaged &g heating qtgag@mppﬁ%ture
pressure i Ssuﬁﬁdl@f{tltd(d% W?&veﬁpln%é oWrmﬁQ@c eﬁﬁ%ptlg X't?‘or 4 &J?e?ﬁe?p i's

usually carried on for to 500 ut'es, nost o 300
m nut es. ThePAXYAermudation, sct@pt thaynnrpgmia@stuq;strg@ eaax be handiegteasily. thgeher
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Ele?at %gl ?gféa |ﬁr§;§§ c%ﬁ*%}"é hﬂep%ﬁper aﬁ%rpéérg%dé @’:ﬂ’n en pr esygﬁ)ope? "IO Sfies S
t enper at ur et305€ tpd§0°(3fdrlematnnﬂrlammatesusuaI ly between 120C and 2500 The

post-treatnment tinme usually is between 30 m nutes and 12 hours. Electrical
| am nat es and process&s byOnhbohotdﬂ;eetsrcépmdm arstacked ov alteenhting layees vith

detail jn n fere ch a S, .Pat ent / 94)
and Dol ot S g Fegteo0oRiEs e Shorld &y ol ERpieRlaghine 8
Resi ns. Chedssiedy 10 and Technol ogy (2d Ed.) at 889 921 (Marcel Dekker,
Inc. 1988). The fornulations that are used in such processes typically

contain: (1) an epoxw)reSTﬂelanﬁa)p a\e@wdragragecmht higlo tentperatplecarad prebsuagiforea

such as dic andl m de an es such as_a styrene/ i.c .anhydride
copol yner, %B'F%fﬁé’t’ffé) t%8¥esg1 %ﬁ“i{qﬂ'@ BW““?WOSB}‘"_ ‘ﬁﬁ%gra&ﬂﬁrﬁb"ﬁ nalioNd@nt s:
(3) a catal wﬁiau BetWe@AT068°C &R 230AC! adis Most bﬁed@awaeﬁmstmdcwumg Thgent,
such as 2-nethylim dazol e, 2-ethyl, 4-nethylim dazol e, ergiu i m dazol e, or

a m xt &% ofMingsionsteRspay alse he garisd oghi twapr Bare PAges 9uchra it5t $1598 Hefaeght
percent of fogel Al 1506 AERiseccH & re (Uil aN80 PholiGalis ot her,

di met hyl f or mam de, Xyl ene or_a m xt two or nore organic soI vents.
Vi scosity usSU@ily bewemae N/em? aed E00rhkimTy Fredemination sgpds usually exsieglos)for 10
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of fibers |n esu StFAL & e, are o i npregnate
substrat e. d:zkmed/emt atlrigrtehtemplesatmslfc;f shbrterhmefse(sua:h assintcootinumd Idrhieatiarsi n
tends to flow out of the prepreg stack during the | am nation
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25 process, resulting in a laninate which is deficient in resin, shi§hJiHail™)
it is very difficult to obtain a honbgeneous thickness over the whol e

| am nate. The ability to control the thickness of lamnates is inportant in
sonme appli catW@958or exanple, recently, a new chip nmenory nBgTUS/16984

t echnol ogy has been devel oped to achieve faster bus/substrate speed (>300
MHz) to better utilize the capabilities of faster CPUs. The critical need
in this 3 @rédusbés)at foplongsr firfés 8XbWEeRMpetdigret (SLRAtasOh IoW ehdigy Fieebectri C
constant which translates into nuch better thickness control t he
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Formul ati ons which contain |iquid epoxy resins and a chain extender have
not commonly been usé® i n QPHANFYL thagephtngerpes:-clad lamiadtemay be Wséé@élqd)b}i n

the treater, [ I pin
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flow t 0d mircatraéntare umnpbetmeegw@qﬁmd 250°6. tThe poaMrMmengtnpeessallyThe resin

is forced Q4 Q\%é)efr}:%] mh%giaﬁgt@ "‘[%ijsyl nto the press, and the resulting
t a

| am nate is sts may be added to the fornulation to

encour age qui ck reac 0 e in_and haln ten er in th a

s6 Chat Chi gher ol e S1MALETTE SR e Bae Es B bbbt sty GpterBab i
dri ppi ng ocpester ddtﬁl/\ﬁmmerddeoefermtae,l Rhasd).SOPAEHES, BTATR0 (Ndy P4 1D04dnd he
resin with the curl&? agent . IS dlfflg%lt to prevent_the viscosity from
bui | di ng t GPMPER. Hegoal May;' F@er HinfRERed SPoxyGratpPakes. | @Qﬁﬂ%ﬂﬁ—'&q@—%&ﬁ&ﬂh
cont ai _motocanlaiuréanﬁ@ég cgatedbaa\tesegéhmarc‘éheéﬁkerQﬁc negs).i fe, and the

resul ting prepregs have a short shelf-| is known to incorporate
thernopl asti ¢ resins Tiha tehffdtiohs Mat h%d@%hﬁsu&ﬁ%bé’ésb@%uééﬂ ceftafe the
resin flow out (waste) by increasing the nelt viscosity of Yhe 15 B-staged
materi al s dft) @MePHYERFBgs during the |aninati on process. A high mol ecul ar

wei ght pol y5ps ¢ Qr*iﬂgadg‘éﬁfj gé}?xﬁﬂp%@%lgﬁﬂﬁafsu&?é‘&&b%d&hlag :?bélgg\ﬂﬁ@hdé U

t he diglycidylether "o enol - I's sold comerci al henoxy
Associ at es FSUIBHYy rene/migic awydrlded@nmmerpmmpolvmeswhm RMDRYre] 03 t\w eqmera wmg
used tQ sLesin flowout by increasing the melt viscosity of the
B—stagea rra erials without shortening the gel tinme. However, when PKHH is
20 used, tH8) Fgatalysttherorastalthe regclicmofibe eea‘trsamﬂthercsémg/amrftemoscas In the

Ca oo AT e R, YRl oe, FEANG a8 54 R o pr

easily at rmomda@mtsrahdlre vvlth t he acid anhydri de to generate aci d groups
in the pres rou rea h REXY
groups and Eﬂggtl%?"yl’ fn?@/ gt(? %{@ht@fﬂ gof%yﬁﬁtﬂgg Venﬁ%ﬁ’% %se? ggtﬁ?g

r educedoandylycol thér, dmtethws»rmablde xyldrer ar aarmﬁtdrhbeevoemdnmemigm:s solvents.
(conventionally referred to as pol yoxazol i dones) which can be obtained in
t he condensation r eaoxnéumeuty)ifs critiésy Indamiratainakingiptdrepsesy f Sev; foranampbpoxi des)

nanel y i so nat e-termn O|,I dopes,. li,n ol yoxazol.i dones, and
epoxy-term 't“é?Bt p% M d"gﬁé% é’éséo?' (Ta8ing gis g‘?r{)ﬁh é’% gh PRI} I tiﬁd
various 3 Gubefratedendia1e difficitito nﬁp?rdgwette MY Y ubeeste! iHoMbver) uflthéwsE@m 0¥ tH¥o.

A 5,112,932. Epoxy term nated pol yoxazol i dones are prepared by reacting an

epoxy resi eﬂf‘t'?nm& loyh e tasintands to flow out of theqprepreg stack giufipg ts Igausption

PCT/ US98/ 1648 &éoﬁﬂwln%lh%a?é th‘énMé’&@kfe‘n?m%ﬁﬁSﬁicﬁfthﬁﬁﬁé)(leﬁﬁcﬁﬁlﬁult to

(i socyanat e/ epoxi de ra | ower 1). S. Patent No. 0,4t 6
(Hitachi) dRbiaipahemogepeaysdiiskriess omrdbemhn@ leminati sEhe by Itegm’@l B\ mi xi ng
one equi val gl Qls JFRkfinds B%nﬁgh'aﬂﬁ il SamRd ab@ﬁﬁyﬁatﬁ%r Q%m%@ere%eﬁﬁl,” ViEWEHip O
a polyfunct|ona epoxi de 1n the presencée 0 rtiar nor p Shol'i he
derivati vesmemoryrm@ua.lie)teehtarﬂog;dnaal t;eehsievé’lbped:t;utahme fas;eumsdsuhstrhterspaed ange

of 0.1 to se of ctants.
The 1 eact i da DR lbie BRAER boied TEcogOlnee RRBL AP sy Thy b npaf T B8

f or mat izon cépplreatiah)s fop eﬂmw ﬁgm cHhtPeg) of theméleaac constantagtieineahsidtes into much
oxazolidone rin shoul d y formed at tenperature above 130C. The
resins 1 o tﬁﬁ"@ﬂ ae%ﬁ@ngfamit%'agwmt%hveexca |l ent el ectrical and mechani cal
properties and high thermal stability. They are said to have various
applications as heat resistance insulation varni shes, casting resins,

i npregnation resins, nolding resins for el®dctrical parts, adhesives, resins
for




| ani nating boards, resins for printed circuits etc. EP A 0,113,575 2 9 JAl 2223
di scl oses powder coating conpositions conprising epoxy 15 term nated

pol yoxazol i done resins prepared by reacting a di epoxide and a diisocyanate

i n anounts WiyEhydakgvi de a rati o of epoxi de equival ents to i saey8gRi18984

equi valents of from1.1:1 to 10:1 and curing agents. The pol yoxazol i done
resins are said to have conpar atl vely high glass transition terrperatures

and provi de coatings of | nprov reS|st nce to cathodi sban ... The
coating conpositions F%F'Eblgg S rb?f’q”t?'ﬂ "§88°’8'e'83'§i5ﬁf"gﬁlchﬁm(?fx gr have niot
el ect r ost atcomnsglyatyesmigaa @s lamibedtihg bhﬁie@‘s’@e?béd:aﬂgeQmm&otsnmﬁ?.he)freater and

pol yi socyanat es anq Eolege OXI des are described. in

4,564, 651 (PRRRTR@[St9fted el lgWs, Thefprmilatigns run angarp @dBe (fﬁ/%éPk'é"rfP')e t%ﬁcﬁage is

di scl ose a caRipisl iEMhetrmereOErfe%ﬁﬁsnamsqfowrte@ﬁwcﬁrénaeﬁnbr;sréa?égi@.%um@meal s
and nol ded materials for Insulating components, respective cont ai ni n?
oxazol i Bonéamaingting weSSsoElyeammas toreadhed Obﬁleriﬁmlnﬁéﬁ @Cglﬁto;lbﬁ)éﬁﬁsleaf@ribe gesulting
pol yi socyarlﬂhﬁa&q Joq a resin mxture having a viscosity up to 7000 nPa s
at 25C and e ra o of epoxy to isocyanate groups of 1:1 to 5:1;

reacting the resin m f r

anm ne cgt al yst at el eé\%i é:gtald}g ﬁ '9%68% gag%f@ttﬁ% (faoq'g]f" !agbgg%z%gug e%%% ?ééﬂp orm
a cross | i mfepoxyyoeyimand chaid exteatiemig tmdnﬂ'emelose that migheér molegualer weightl8@nted
200C t o cause_post 0.an ce a | ded terial. The, nol ded
ateri ol o dPES Bevbairerpeli Ay foshlit ot dr R eV At maceletBy SUrfiS
~r,~~ ao3 \ACtI'QQ/eglﬂSﬁth tREEMHEeht 9Bk dd‘fl&,llt 8airevint e ws%oatya‘&#n blilingSbragnm
di scl oses rre hod for preparing epoxy . term nated pol yoxazolid b

Feacti ng. a IECRoRIAtEN  MOrPaoh Gy LRSRN ST CONETHP8 SBrBE BN R 31 yst
m xture corénbh%hag o@@otahfeomth@?é%uttﬁptdr@drug@m\}éea g{or@srﬁmfeer nary ammoni um

salt. The epoxy term nat ed pol yoxazol'i dones can be cured with epoxy curing

5 catal ysts or react gdsWhbkn ﬁm&fpmiéiﬁeﬁﬁ&pnéﬁ.cgéé&@saeveurncanxmmatdoroducts
useful in the fields of coatings, |lamnati n)gb bondi ng, nol di ng, and foans.
ydn

U.S. Pat entfow'atmnatw@ue@me(rwn.ﬂa\qqyt(wa@lte) @e@%@e@%m@y ¢fdhe
pr epar i;gg @Lt\égé@ﬁ@kérﬂmsh@yrer)%ﬁ ﬁ%%l%ﬁféﬁbﬁ ﬂo%@é‘sYﬂ'?ﬁélﬁnWeE@aﬂﬂelght

epOXI de in the presence Zl nc car | ate,” or ganozl nc

chel ate corobmal omalne\d lan a:xyadvan@ﬁmetm me%pslon N@mg@lapae@wsand tpe Highyeidylsthed @hes
prepared by, ddpkSoiy f'H é‘orMﬁ&E‘Fl lly %ﬁh%ﬁ&ﬂ&%&éﬂeé GSA)ODH% ‘i’hé‘ﬁa&érﬁ&kure
of a wide variety o pro ucts I ncl udi coatl esi ves,

el ast oner s.PKiitl.h doig imateniat uﬁt&qugnﬂwmeg réducetregin ﬂ@‘@mt @M inoieaging the melt

pol yoxazol | ARG, & BRaEeuRidehdls WiifoldshERGNY fre delHE HowBrclhing] PRHERS

nor suggestion I’n e Epox okazol | dones
woul d e usskd) theJgwf $eoestliingradiraye rsgpdadmetyl aﬁestedt () tbecaaﬁdmf@cudraWd@de vely

|1 t i bl
her moaer t 1ed Sl ol fRBICR R s BeT s IdAY (Y sdBlBT it ©
vi scosity proupsrgressnt in\PIKHH reaot ieasilyi anirognm mmmaiemteawmfﬁgacm drihgdridental cur ed
in. EP B 0,695,316 and. U, S. Patent . A5, 449, 137 CIBA d
Lhe 5 o pr SIS a510 Srols 5 iR s RbR B eing RIS oThbse i Sy R BR o
these Cl BA dgpake yinpsand efeqiotlife/gee Mg tHeforBulaionstire cordideratay fetgcadanpizxy
eqw val ent WEI ?lﬁipgf of from 200 to 10, 000, they are concerned with

' base r2@si r1’h° ded to be cured with a crosslinking agent, and for such
pur poses, a rraterl al _having a | ow EEW (for examgjl e no nore than 500) woul d

i nvariably be used. IFes Qreghwgte@p,p&q)dqms( (Fonventigpally sefeiad knds RRlYQJREC!eRes)
par ti cul ar )whieHest bd 5&91.16991 the SohFsHSafich RabRTEof HRMiddcydhatdibwity SHGhRRaT

| am nates, the resin fails to wet out the glass fi'bers) and is therefore
unsat i sf actQﬂoylde%I Fla"tﬂﬂy ishevaPatgrtpireinated polyokazsfidenes. mesppyuexaaelidonss and
amount of i aration
of the basc TSI pdfoBBbifchel PTicte in B FoRIble ehTplodh Bl drdSeROBPT 21
500. I 3opr anethods tnhthea'fmomctlbdnmrs Hesdribdd avdUJSeﬁ’am\t BlooAEdI1l2(ﬂBQnngbhya
teachi ng of, these re are a material

mol ecul ar v&@f"@iﬂ’i‘t gpo&er en@&or}gﬁ 2Le pregaredq) rBactmg an epoxy resin wﬁh a pglynsocyanate



2 ~ ~r,~~ ~~ :3 WD 00/ 09581 PCT/US99/ 16984 W have now di scovered ZnhgtJril 7073
certai n | ow hydroxyl content high nol ecular weight resins are able to act

as viscosity nodifiers, and provide higher nelt viscosity to the B-staged

mat eri al at wdademassiadverse ef fect on varni sh and prepreg gelPau/vigs/16984
pot-life and shelf-life. 5 W have al so di scovered certain new,

oxazol i done-ring-containing materials having a nol ecul ar wei ght which is

significa Pat ent
oo A 5 448 pnd tRing RAHSERE oREUs SR ok B e on A e e 28 Bt e e <o
f ound thatthpndbr egs incorporating the viscosity rmdl fiers exhibit 10 better

storage stability and higher | am nate Tg than systens enploying PKHH In
parti cul ar) we have {&uRdtehhbb. Alg70gt 16f(Hitachi)ddsesbasta @boess fasprogdudihdH

hi bi wh h d iod of ti
wher eas pribpreseiSaRspdfy BLMSH et of b St hot Horlonse Brone
i nvent ison @jilwdkeritefla @ollymneﬁorﬂr @pbelldla ih &8 prabenchof af te@iarymime NRGipALIIn2f

storage. 15 According §xy in a first aspect of the present inventiaon, the
i s provi detPrivREVesS imidazole ps calalysip- nibiqatayst fso‘#seé Vﬂ@ﬁ‘t& @fesef 8-1to 2W9'9ht

ther moset t;bé?@er'it%éééd%rm@éérhbuﬁ@d % ght &hﬁé %ﬁﬁé | 13her :%%btfbn%ﬁb@fa%rte r&>?3130°C
thernopl astic resin has a nol ecul ar wei ght of | east 5000, and hydr oxyl
cont ent noer leweels geiddo cesait in/iedgsmation of v@lr@h@gcw@waia)mgg whetege ltﬁ%gsswmed
conposi ti ly
ubst ¢ ut e SfzolR fifs LAY bE R rBd bl lefiperduretlvhodle. ORld B8Rk 1 ng
one orlonorroflucadare sakdakexinibit exceatiemaantricat anpbmgnianicad proparies and h;ghhmeraral

o~ cont SPRPHY: ok Btk % YRRERY=0RE SbbESTont ap Frafais e Hai vaiahes.

po: ySL yr elncastibg mirrsatrgﬂe?ndtuym}rqsimamolding)cdtsgﬁhendéan@atl pamsjg,dpeswa basingi foat ed
pol yphenyl ene oxi de. Prefer _however, the viscosity nodifier is an
oxazol i don'@"}m 9$8ﬂ'id§| "TFAY Y c%ﬁgeﬁirﬁﬁ'cb\#ﬁ ¥ is obtained by the reaction of
a) a polyisocyanate | gocyanate functjonality of from1l.9 t

i i ~~~3E€\A 018 A SRkt Goa g B s SRR LRPERY

epoxi dg f urehinaisl ddipox@iolificrineting prépadedby AaGtINPA urepaahdie/and:é dsdthandte in
ext ender, wherein the oxazolidone ring-caontainin ound S Iecular
S8 14 RSB SRR TS

wei ght of 2OugYhicsRsevidy f i GaRYIB eFEA leaquiva o et e

I's provideg fb.{ BRd EBHRidden. MR gblyoRERMEbAd RBINSAMPEAIS tdlave Jbﬁgfa@(l% Hi
t hernosetting resin Egvaltg‘r? a rml%cyl?lqar wei ght ! of frolm 200 t 000 gndg}rom

0.5 to 40 Paszatsiton tﬂ@P%ﬁ‘er%a@%Er%ﬁetcﬁét"}gésqfH“ErQM?ﬁ)@F'tsta@ﬁe tofathodie scosi ty
modi i er w&ssekhdn%r@ W@Eéﬂﬁﬁb%ﬁfp%snﬁ&?s‘ anefaaynerwayanmie%adasnmwgy&t of at

| east 5000 and a hydroxyl content not exceeding 0.2 hydroxyl equivalents
per 109 g ®ectrortaticepray methedsposi ti on, wherein the viscosity nodifier is:

a) an optionally substituted polyner of a monovi nyl i dene aromatic
nmononer ~nd opt i onal | $elbiheraesaitindcampositiens ofrolvisacyprAlen@bpglyapoxides are
copol yneri 3€éérlf)9<ﬂnqy"st PateR) NG 236k @87 cgl{ﬁ?érkﬁﬂgﬁﬁ(%gﬁ E%?)QB“RW&?I%GOX' de;
or c¢) an oxazol I done ring-contai ni ng oun urfher aspect of
t he pr esentMarkedywhicndistieseca mtipnd)for tﬂle(pr%pawtdmmi redctipn egsin inalded matenals and

hoat cor abl HeREE TR e I BB AR calBoriind FoctREaeh B ding Sliidedichdy
3000, 24t hlsbcyamﬁhté rihgs memgmemlyéppxwelagahta, pdiyiseayanate tchteom@nealn mixture
Cher mopl achaus sk Sp i Yok BiraA 2% aftyihe BPIRTs Btk o obiR 5 &
hydroxyl cgiiupsbf Ntatto 8:4¢ AREliMPtHR. résii Yixtare)ih teepriesércarif sn mardai&le ogtem‘ary he
resin conposition, wherein the viscosity ?ﬁ?f’] er is: orgt on

subst i t ut BTG GAtRlYst 8t elgvaled S@'f'?ﬂ/‘Ei"EP@F@U'&rQS ﬁooﬁ:otﬁdr"?@ rC Q’nfﬂ" sl ?ﬁ?d\”?é?d one

or more fupblpRer;4Rg %Hﬂ‘r@ttﬁé’ cFB%Q‘HHEé&deﬁéH t% T8O RF200°€ 1 Whdde: pdal halening
optionally subst'ituted polyp henyl ene oxide; or 2 5 c) an oxazolidone

ri ng- cht aARd AEpdueep BMaided mraterialh dihedecided mgterialsiare cenoped ta eXIDI igRseveder abl v
an epoxy rﬁﬁgﬂ ﬁ&ﬂg %ngn) and may preferably al so conprise a hardener for
t he epoxy resin an rran organic solvent. Optionally, the conposition may
al so conprise one or nore pignents, fillers, stabilizers or other
conventional epoxy resin additives. _7,
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Z 9 sr.a ~;'?3 WO 00/09581 PCT/US99/16984 The anpunt of the oxazol) Qngj'“"3
ri ng-containi ng conpound in the epoxy resin conposition is preferably such
as to provide fromO0.01 to 1 equivalents of oxazolidone, preferably from
0.02 to 0. 75vwamsnioeggient s of oxazol i done, nore preferably 0.02rdTOUIH 6984
equi val ents of oxazolidone, per kilogramof resin. Athird aspect of the
present invention is a process for making a conposite, particularly an

‘electrical |amnate, U‘.?hg&eﬁt’]\l@%‘)ﬁ‘éﬁai ‘?ﬁ? %PAF{?HE&uE&IB&s%m%ﬂ%E ébiﬁ:ﬁ‘gpm\/e

In a fourth aspect of resent 'rnven 'S provi

t her nopl astepoxyobeanmllatedtpwyouaqu;dmstw reactipgaopghpsocgamete with agpaigepexide dn the
wei ght of at_| east. 5000 the reacti from

Lo 95 el giressERE br 2 SRRt Minfite bimbind 580 T B SIS afine. gr.f afdternaRy”

reactants) afnfm@mmalsmts crﬁya eﬂﬁﬁNAté@ paoxazendonesaten by @uiddcwiml dployy elirihg om
1.9 to 2.1; from8 percent, based on the pol yepoxi de and

pol yi soéyarﬁ’éfaéVSFse%fd'Pé‘FFPg W"BFP‘AXVHW%WFO&V%%VWW ghpragusts H%ef\“'d'hgtq falds oh v

of from 1. @ohthgd; hmimdtthgOR¥rd ah'obﬂtngg-gnﬁ}oa%scha' n extender. The pol yepoxi de
compound useful” I n the preparation e viscosity nodifier is SU|tany a

conpound whi ch posseiﬁéspét@nﬁv&r@ﬂéaé’ézé {flé)’s'md]ae? 419 dfscibsés 47 ?&Q§§’fcﬂ ger
mol ecul e. In general, the polyepoxide conmpound is' saturat ed or uns turat

al i phati c) W@xwllﬂ@mbweaqmgmatqrgarm isheytapagowith arcepaxigecn the piaseree of
possesses can
Do Senat R et Entod et SRS S OUR coiBRP LY GARY dinEmL e, oo
the i sdeyarmtadysgrBolpsxamtndonas ptepard bylthgelpssomssl al‘&aﬂ:sa@drs&artn@mbtepallsyetpum de

conpounds are n the art |l us ive e Co unds
Goerul i dhanuffestre o8 e VareREs Bl mifGiNDS et BORrRr s s R
Handbook ofeldspamersResi ns by H E. Lee and K Nevi I I e pubI [ shed in 1967 by
MG aw H |1, New York and U S. 25 Patent No. 4,066, 628. Exanpl es of

sui tabl e ar omat i ¢ polAiPagH AleReralusplocesdee e thé\prdpariiioa b polfoxablkjohesare AD,

o oot - Sosh R Wy s B¢ as Bk T Do Pip ik SFHLBE00)
tetrac Izbor Qbﬂnﬁrﬁm@@E t?/éxazbhdﬁihﬁﬁ Wobldbecls et ad vidcosiy MeiigingRidditives, to be added in
3,3 ,5 5 -tetranet é 4. 4" -bi phenol, and 30 dih dra angght hal ene. z 9

~r,~~ a ~3 "B eoslbampints @.3@9?'1@9'84’05?8%9'& ngatgurafiey: i c
pol yepoxi dQﬁerﬁfo@et@ih? kainsyich @8 leBo%y t@EmEﬂK%ME@NﬁrM iheir ¥scsif proglirgds/ci dyl

esters of dicarboxylic acids, epoxXi di zed pol ybut adi ene, epoxi di zed soyabean
oi |, and ep¥iipdnaia lrung)agad@u@;q)'gg nphefing Céf?@'x’?%i@-s i ncl ude, for exarrpl e,

3, 4- epoxy- 6- net hyl cycl ohex carboxyl ate and 3, 4-e cycl ohexy

carboxyl ate. Preferr &P &gﬁép'ﬂﬁia(ﬂ'é §r Batgni oA/, 46@ % B4) @\“5015#5§lﬂ$§r§6¢ A)

of bi spenqlredara tnﬁ%%éf&ﬁ@ﬁ@ﬁ&gﬁ%ﬁﬁ&%s&éﬂﬁ of

3,3 ,5 5 -tetrane xtures of any two or nore

pol yepoxi des can al Souiy ?Hh'of‘th%?ﬁdﬁﬁ%fé&ﬁc&freféﬂ% §ERENEmis Y SRdtbAdls The
pol yi socyanat e conpound u t ractice of the present invention 1o

may be reprhayisgaacpoyy endvalent weight (FE\H et fsom 269 fi1G,000, @QY:W@F@%@# With R
i's substitupgd eéme-nwéédddttdbséuﬁeuvm?@d bessudkgggpé& gﬁ%a?eegwqmﬁgds 2
es of

pol yval ent group a an average value o
sui tabl e dhaytesfdmwngtadewﬁ‘ﬁw (fbee)@rriplm 00 menathan $60) anult dnvdirighly be elded nifad A

9, 521, 8¢9. r re. ' 15 et i i
and 4, 257 bAShA WiR QR B GAe B et Lo gt PR el stlof B A SRR ot
f uncti onal idnmuﬂro@xtloh oli/laknllﬁatéﬁﬂtfty‘de;indeiw tgwait edt the glasslfipemsy and iyEheérpfore
't ol uene diisocyanate D.) such as .2, 4-tql ueng diisocyanate and 6-t ol uene
i Socyanat ERaiRaY! A1t ieaeyiknt boin @i BT pRRS 4R 2bapiing: & envanye
gng i somolrdv B Whdrs @t?dfﬁf@? BercBRY (rDH Ybrthb Yrapafdtioh e thelttsKire 18 yadabadt iar €

-methy rre\arlltgnals having an EEW of no more than 500. In practice therefore, the skilled addressee

30 following the teachlng of these references would not prepare a material having a molecular

weight of 5000 or more.



2 0 bi s(phenylisocyanate) and 4, 4' -net hyl ene bi s(phenyl i socyanat 3)9 Jhid 2273
M xtures of any two or nore polyi socyanates can al so be used. A suitable
catal yst may be enployed to facilitate reaction of the pol yepoxi de conpound
with the pol wiogo®9ismat e conpound. Exanpl es of suitabl e catal yWIRBU$NG%de

zi nc carboxyl ate, organozinc chel ate conpound, trial kyl alum num

quat ernary phosphoni um and 25 ammonium salts, tertiary am nes and i m dazol e

conpounds. The pref eWé&Raveadiod d|§é<§/e?éoethhtrﬂe¢@?rplb® rg@i&ﬂ%ﬁﬁen@ﬁ@h Hecular
conmpounds. Particularly preferred catalysts are | i m dazol e

2- et hyf i mn@Ighd r®m51arﬁébwq> PAS akvisRasity mnﬁ@@vﬁ»y an%p@a@emghea melt vigsosity tertee

met hyl i m dgzg hepaitIGRO %,js

, 4- di azabi cyc%ﬁasz 2 o?’?@nu an Fge%ég%f:taazna @'?@Fﬁ?gf rptﬂ g‘ﬂrﬁ'ﬁ‘ I:}7Ot aite and

9 J~, i~ ~1shgi-i@® 001 09581 PCTI US99/ 16984 The catalyst is generally errpl oyed
in an anount of fromO0.0i to 2; preferably 0.02 to 1, nost preferably 0.02
to 0.1,5wei ght percerWe bm&eabmdscd\ereﬂnﬂnﬁamewwmxgmhdorﬂe tihgcothipingonatedeals

conmpound a on| anate c ound Yl SOC anate conpound is
general Iy & B%)?é’&o %@6%%? sn,gpﬁ '%Ig hf%'eﬂ@’ ﬁb%sfee W98 t o 43, nore
pref erabl y EFOA bmgsszmranatu.arwit@ﬁﬁ%.yA 8949 wsﬂsmhnwa:@hfsemagem vifresyl on the
pol yepoxi de and pol yi socyanate reactants. The pol yepoxi de conpound 1S

general ly é‘?ﬁﬁ’l’f d in an amount of from85 to 57, preferably 80 to 57, nore
preferably 80 to 60, nost preferabl 75 to 65, wei t percent) based on_ the

pol yepoxi de and pof yN!%BWrﬂﬁ% quaaéfia&mfegregf igCorperafing; |Vtﬁ?°§i¥y rpedifiers exhibit
pol yepoyi d@eied diorafe skl st &niha '-’%Hﬁbh e tp q |
of fro?n 1008 to %45 ¥ rlle‘)f erab?m‘?rorn th g&%g@:g ﬁnigir%jgu%r eﬁ*agﬁﬁhﬁ]orﬁ]
130C to 220, haygdeu teatethaﬁwf farr@nﬁtﬁaehtatn@dzlﬁm\g PKHi& exhibit lower Tg when the
polyoxazol i a
batch reac or %‘?&gﬁ&g‘%g uek asﬁ'ﬁ(r:dd:&ftnﬁ%g?r{)éﬁg{)sro Ere? pwf%?%bf%%hvgrﬁcggw
pol ydi sper snadjfieshof theweasenenwtlopaxmb@@a tower drap in éanvinatetTigafteasame period of
reactor-prq ?ﬁd materials. The resident tinme in an extruder depends on the
terrperature 0 he extrusion tenperature, the size of the extruder and the
cataly | evel s r.o f i

Ve bateh react AOesR, BERNER: HlnopRse RN B e BB Ly
cont ai ni ng vtsbesqyohgmﬁmx«)mhehqm-lcuraueathbfmaosettmgtreﬁn @ombosmrm afcdihernaopladtic resin

B0l vent - pr weretd SR Be inplatfE e Rod & stitap Befeh 86 et PORE P BRI on
i f desired.coiteat hatrgesading 22 aydrokylcyuivhientsaiealps g dfmeaddled:ompoat)bn andt i cal .

I n general thhe ca} tal.yst.is @pdad at a tenperature |ower than the reaction
t enper at ur ¥Ne8i ‘ﬂ%ﬁ?ﬁ'&f’ﬂ? '?'ISt hen raised and the reaction tenperature

rralntalned whil e, the conrol i tion of he ocyanate to the 25
m xtur8%of the &tal )?g't "Yﬁgb%gllc’{?‘é%'%ﬁ"a'éo WB%Y'%/‘@@enall'ﬁ@ E MU Pinat e
addi tion time widptiorshitp @adn@oné bempky furthéd urshiurated efonsimeesscapolyntwtizeeact or,
for exanple, stirrer S|ze and heat transfer characteristics, but usually,
t he polyi socyana'?"’éewg added to the reaction vessel within a period of tine
of from3 to 30Q) prehepablaty subitdéd poljBiehyRindfdkidabéy 10 to 180, nost
preferably 20 to 150 m nutes, while nmaintaining the reaction tenperature.
The reaction 3 &t ems@roxazalidone NagcPRtaning FORPEEADt he conpl et e addition of
t he pol gl socyanate for a period of tine of from5 to 180, preferably 15 to
120, ndBt pref er abl y T9e vissosity medifieranay bey for example, pplystyrene, brominated 09531
PCT/ US99/ 1 |. ’@C 5@@” ORgieRchyand t he
pol yi socya at éhegﬁ %f er}yjséﬁ%re BL?@@&?\ i nge t, t m% :ﬁs? |P£r1!”{al
absence of mwsmrvmetwsmsm medifi¢n igandxazolidone rmg containing compound which is

obtained by the reaction of:

a) a polyisocyanate having an isocyanate functionality of from 1.9 to 2.1;



LY AT
reaction diluent, although the reaction may be carried out in the2p$eg'lai'hc,‘(?i‘-3
of a polar solvent such as DM, NMP and DMSO. The optional chain extender
enpl oyed in the production of the pol yoxazoli done conpound is one which is
abl e to i ncrweaseossBe nol ecul ar wei ght of the pol yoxazol i done PCOysounds4
Preferred chain extenders are dihydric phenols, hal ogenated di hydric
phenol s, dicarboxylic acids, diam nes, am noam des and al kanol am nes:
Sui t abl e di car yli i |0 f rmula 10
TS R (GO0 ey oi r RO PR HalinG e TR oG #1802 o T i
oxygen al ong t heptionallvbone, and a is from1.9 to 2.1. Exanples are succinic
acid, glutaric acid, adipic acid, oxalic acid, phthalic acid,

hexahydr opht hal ¢)c acd chaimextefidar, aci d, citraconic acid, itaconic acid,
dodecenyl succinic acid and al kyl at ed endoal kyl enet et rahydr opht hal i ¢ aci d,
and hal f esherin tbébrazobdbrierrig-don@iniepcdrmpountifhaa apodlgallanweibhtoof attziadt 5000.
anhydri de. The term hydrocarbyl as enployed herein neans any aliphatic,
clycl (ﬁala' phati c, iar olmataihse,coad yd;pbemubfsmé prdsedt iavéntibattete isrprcvidﬁd)alt}i\qahxatsttlﬁmg or
al i phatic or.cycloal.iphatic.substitut romatic groups.. & her syitahle
hal - ext lSEOMASaRON SoPTG B Ratiabie MerRE-anadent Nekpa A TORCIY Bao o
di am nes asichrodROPRMBODSSand féth 0.55t0 A Pdibent B waighll Bassd B Rl doripsition,
conmpounds having two N-H bonds capable of reacting with an epoxy group.
Such corrpo?frﬁj@scii’s?é\f medifigr whigh [rathereoniastieesio Raying f malecujas weight eheideast

di - secondasaoodAd ¥RydPdxyl BShtétHef @ice_fa@ihﬂ‘é'.f‘h%y&qd%ﬁ'ts B R §ofthe fesind
R' are alkyl) cycloal kyl or aryl noieties; and heterocyclic diSecondary
am neslOvhef@nprsdion, wherpivithe viscasity madifieois: i s part of a nitrogen-containing
het erocyclic conpound such as: R t H\vt-NHR'" ; H\~-R "-R ~NH ; HN 2~H R~
For reactivity @keasoirsoptignally substitdted potymsayef asronoriaylisieok prematioroemmer and

s oy 9 D AR bl .
26 di et hyl eyl onelty T ol Syl Wb et BBEGPC %% (et iyl benzene).
Am no am de- contlai ni argoxazoixmne dingweetainingasorbuadcement nmononers in the

present invention include for exanple derivatives of carboxylic and am des
as wel15 as deri vat i viesa fofthendspectiof trecrdsentiiniestidnetenegs pawidedeanmethpd ohe

T B o O 8 B

preferred cuapletmamosettify s avingi ssmoleonlaeweigi of fros2qihtardooanwittefrém-O0Biono

benzyl sul fgni c_aci.d ani : her suitabl e exanples are piperazine and
Suber | ¢ ut edb BRSBTS Haseondhe BndmroseRat axmsraen DRBGe AEhEF I e,
andf pi pglr [ Gi'sdfbsi%yh G'mldlﬁeﬂi's(a taerintbgla'ﬁhe resirahdvimxa molteular weight bfialllkt]&st 5§00 and aI
preferably, a nolic c ound) contai ni ng.on aver more than 1 and. | ess
Phan’ 0 o BREPAE Pt 6f Seastinh s Sk isucdlerdy B oi0s o e recarpiittionn
(for exanpBereptBeistasithsidmeyist groups per nol ecule. The nost preferred
chai n extenders are di hydroxy phenols. Non-limtative 15 exanples of the
phenol conpoundg) ar eareo;aiohhui,(s’hb‘éﬁtdie!arwgmél—dﬁudﬁmymm»b)ar@ﬁ@mﬂsmoraer?and
bi s(4- hydroxyphenyl ) propane; 2, 2-bis(3,5-djchloro-4-hydroxyphenyl)
propane; bis(4 elwmreﬁwtheaH@?atqcaieddngr(Qmm&%@ixmﬁw therewihieny |
et hane; 1, 1' bi sgp, 6-£H T agpyl ) propane;

bi s(4- hydroxyphgﬁyl )Qgg‘?t%@ﬁ i tsI 4- ngﬁ%ﬂ{eﬁ?‘i@ga fide; resorcinol,
hydr ogat none) t ekt r angn exazolidnsiedingtcoptaining eempaungd! bi sphenol - AD and 2 o

t et ramet hyl bi sphenol -S. Preferred di hydroxy phenolic conpounds are

2, 2- bi s( 4hydr oxyphenbhe therragaeting(rbsis gheposition) is peaterably an epoxy resin composition,

2, 2- bi s(4- - iy onml I . ' hai

it ender 1 SR bigterto TR Y i BBl e oleR) resiEaISr ) boafif Sl
110 and noPetignallf gheabdmpetitidnensy als@bompiise ond arandrapignesntd) tfillers, stabifizarabt y no
nore than 8&)‘01, norquglrfaferabl no . more than 500, and nost preferably no
nore than 28" GHtyen P‘F%ﬂ")ﬂé"e%(é? §Senol i ¢ chain extenders, the formula
wei ght of non-hal ogen atons in the chain extender preferably neets the
foregoing preferred limtations, and the total nolecular weight is
preferably within the preferred enbodi nents plus the formula wei ght of

7-




t he hal ogen. -12 ~ruv L~:? WD 00l 09581 PCT/ US99/ 16984 The quant2t9 il 1273
chai n extender enployed in the production of the viscosity nodifier is
preferably such that the equivalent ratio of epoxy conpound to chain
extender is WQM/MSS to 0.85, preferably from 1.3 to 0.9, norBCPUSPEIAR v
from1l.2 to 0.95. The pol yoxazol i done conpounds are used in accordance with
the invention 5 as viscosity nodifying additives to inprove the viscosity

characteristics of curbdfodnpsr !ﬁ@ﬁﬁcﬁiélﬂgné - BorfthhWé'd%Hp%Uﬁd FFMﬁE' ePdxy resin
epoxy-resins, in particular in the manufactufe of prepregs and |am nates,

in parti culG@MROSEER iS Br&fermayﬁmtaessto predesisem 811t todreauinalents efexgaoligend. i n
encapsul at i

thernosettlﬁri:g)ere |nbrﬁ%?l§h®ié%\}em%tssgg§%? él‘&ﬁaarﬁg r&?ée'ralfﬂl}i%ro %—E(r? gtsed is s
0 prefer abquuelaleerﬁ)wwnaedldm)e per kilqorash exf eésiry Athindglspectay lheeprbsgnt avaentnon is a
bisphen | -A o[ . a et her of. al ogenat bi sphenol -

iserul Pow RipeesR o Hakifs & fomBbeies pétitaryaf BEPRLR el F95e A0 2pSky esin
1,1, 1-tri s-dompdeitisy peerytrbeabbseves and hal ogenated vari ations thereof.
Exanpl es of suitable epoxy resins and processes to nake them are al so
described in H Lee &nlsfo¥evadpeet oftthe dhselit inVerkibR Xhel3as brvidati aahéfrﬁdp&naO
(MG awHi || Book Co. 1987). 15 The epoxy resin is generally

epoxy- t er M¥AEEORE SNG-cRARINKY CRMPOLBE HRYNG AEIIeRUISWEIGHS of eﬁeaettéogwnc'am

may i ncor pqn@}@act,b,a duel g dant groups, for exanple, halogen (for exanple,
bromi ne or chlorine) or phosphorous, in the resin. In particular, the epoxy

resin mgy be, foj) examghed tad sight eéfcée{tes'asfea%zﬁ@songs&f&de%ﬂomsociyanme
pol yepoxi de with a polyi socyanate, and having an nol ar wei ght of from
200 20 to 3000 (rractasteapis @qylwyd@@emwg ah isogyatefunstionalily. ofkom 1.920832) .

The formul ation y cfggﬂé S nt,
as described in % A 9, fB?@%‘fi‘wle%ﬁte %%gﬁﬂkéas%épgﬁsthggap g‘?‘%@gﬁn@r%ow%ngrgﬂéstg
styrene mal ef i ¢ raaétdntandfiedpalybporide biying mnapoxitie funatictetityrqf fiom tPdel.1; end
provi de | ow di e@%bé@ constant properties, as 25 disclosed in

PCTI US98101041 frul ati on may al so conprise a boron-containing
conpound, for exanpl ea bitin extereded. or a boron oxide, as a cure inhibitor, as
disclosed in GB A 0,458,502 The heat-curable thernosetting resin preferably
further contains a hathepmyepbmdé\eombem&mwm irathe rémaratiomgpof #gevisgositypmddifier e
hardeners age . i function cross-1linke r~. ~3 WO

001 00531 P FUBEY) 4 BBROUE TR SRBina s ve s ot 1 A3 RY T ePaRCerPiBager
numer ous r eheleeule.cth geneedl, the pM9épo>@de &nﬁpdlhdwsa&dlacedﬂr dﬁeaturatedSQIiphaﬁc Ena.)

= R & S Mul tif t
or b)) R hionlidiays Sodats o nelirafiRIE cORRRIE M) ROTHEHERs S e ha Bhed 2y

cont ai RooON gPory Qﬂﬂlpmmh@ p*otyaﬂoﬁd@ccﬁﬁpéutﬂ dah%@%aanmue&uheﬁuem rndm k6tsatitantdor
i nst ance, ';yg%ccross- i nk er Fw;l)re era y contains a p| uralit secondar

ani ne gr oug¥NcHAE AN RBFVe Mith the (FoayAnate gPuRmEch r?ér'%wwaw)(%a%%mr@ uch
hydroxyl —grggiepoxide Iébhhb@bhds)ér@(«ve@ khoW Y RERAS IIERERR fdlyepBkife tOAPolnds
carboxylic acid groups. Exanples of suitable multifuncti onal cross-linkers
known to beusgiibinthe peaciise abthe peesest inventiop aredesesibed incthe

pol yam des pi /BN 168 8Ad KPRV SilHsRed ind1 BA By ARG IR A\ﬁéwvo&%m@ mor e
than two reactive sites per ecul e on aver age erre exanpl es of

mul ti f @Act i Ratent Na. 9s@66,638er s i ncl ude di cyandi ami de and pol yphenol s such as
novol acs. Exanpl es of other multifunctional cross-linkers which can be used
i ncl ude pol yanhydri defsxampleli of shitahdel prdmaticolyepdxides are\3phemql-AL bisphenol-F,
(publ i shed 'sﬁ)glgﬁ%l qﬂgr%‘l%agl t%ﬁ%ﬂéth%.é’phaﬂ&'& IR th A HRpNERESS tdttdMi&thyt' S

preferably

bisphenol-AD, tetramethyl bisphenol-S, tetrabromobisphenol-A, tetrachlorobisphenol-A,
biphenols such as 4,4'-biphenol or 3,3',5,5'-tetramethyl-4,4'-biphenol, and
30 dihydroxynaphthalene.



o

A B4
15 by weight, per hundred parts by weight of the resin conpositi 021.9 \}hélnzuu
the multifunctional cross-linker is dicyandiam de, the formulation
preferably contains from0.5 to 8 parts by wei ght of dicyandi am de per
hundr ed part sv@do/ookse resin conposition. The pol yanhydri des armcyussbasmsbl y
used in an amount of from 20 to 100 parts, per hundred parts of the resin
conposition. 20 Epoxy resin conposition according to the invention may

optionally contain o kL f. a. ral. iy | tyvpe, such
e tabi 1] zers, 11 amEXnpRE Yl boieth SondelEoBhs ERNGRI Blerd 400, 001
gn? w;at}\llo ngz&;}wﬂS ngpht;f?maaqﬂgagddfcgz;lﬁidytlz edvére o&did@aﬂbb)lygis aai‘dg, @Etgﬁwqtebgiggibgtldgieﬁe,
at en : . and in C A esi ns- Secon . a -

( Mer cel DeﬁR%’f'd,"z?‘ﬁiqy)agi%%'} .anngpf’f'g'ﬁ?‘gé%@xanpl es of additives are

nmet hyl -tol uene-4 2 5 _sul fonate) al um.n oxi des, phosphoni ¢ acjd ester
(such as Amgard Pas CFBRILRYS pPoIFIGHSen s SFR el HRRORURTT IRV RIGRIEEN
and Talg. caboxyldteant!3,4-Bpoxydy AR ARRKHaRCT/ US99/ 16984 A typi cal epoxy
resin in accordance with the invention is as follows: BY

VEI GHTSol vent 0- 60Pi gpestbQed Bbilépdiides AP8ipa icMbBurkik-of BRDHENAD of bigSHeon! V'S
t 0. 01-5Chai n ext ender 0- 50Vi scosity npdl 'ier0.5-40Epoxy resin~ 20- 99 The

f or mul at i offs optetiebremebipplarnat-A anscdf Ped) S Hetatramethybr4 fetirhenok fistsesiplany two or
el ectrical rﬂ&?‘gB@&&‘&ide&gn%ﬁoprE{J g&#g?ﬁgﬁme %(&f&&%f ﬂ%é'ﬁéﬂe%t Aghtepnt ol I ably

during B-staging’to avoi : ur 0 provide good N'am hates in the

| am nating step. Suc i ; erJ AM t

| oss of stability. P?Q% E?%ﬁ%ﬁ%’f%“gﬁé‘g érp{]@q’?%} eﬁtﬁc%oqﬂ trgeréﬂe??@dﬁebggﬁd

i n theld ol Inuwi begrepresented by Exafopidwing gPnerpbfomtulan 1 - Preparati on of
viscosity nodifier Z o General production procedure for oxazolidone

ri na-contai ni ng pol yepox~pol yi socv ar (BaCeN).epol ~ner viscosity nodifier: An
epoxy resin (D.E.R 330) was heated to 100C under nitrogen purge in a
1-liter fl avigesin Bps gltstititeccacdrsubstijuteg phighatic,tdromatictrdetarocymlic polgvalerdryroup
mechani cal _stirrer, air and nit en Jnlets...sangpl rt.,. condenser an
hent ocoupPReIBE s Aiddbrel, o fEF 1 s i Soiiie 5 as eEPREEHEBIs G, o
of S reac';) ithiﬁﬁFm?Shoématr?Hiw&gdde@[AFQ,BQJCETQJrRieiefrédenamalesam,mGi aljd .
product _obt ai from Anchor upder . the tradepark AM CURE s adde
Gt hes i s denats GRARARSBnaBE & ¢ 8 rkBRE Poiaee epgianie SOl A

i socyanat e igoiersl @feddf ifighdrunolibhal hoinosas of WM gstnrhatilp dédignatDay "golhdticvi a
an additi o%"funnel ortionwise within a period_of 5-240 m_nutes. -15 r
a~ r~~rta ) lqmeﬂeae-?*?'%vé"%(ﬁ@?)@g%is %@9#&%@%@%8&% MBeacti on
caused t he diigiyhnA28, h&JRRhA SR yhAatE] Hekaf@tidlank RsdcydRAE(HMBS)-antihe reaction
tenperature was nmai ntai ned between 200C and 205C until all the isocyanate

was added. isgPheiongdiigrevapatendRariaigrivarelprred aolyisaeyangles @2 drvetiyiengept at
200C f g§ 5b@prﬁa'n9- l?adéf@)ié_ndtm-rﬁ%ﬁfléﬁé ﬂ)iE@herﬁyﬂ!%él{%aﬁﬁtH%Vﬁix&ﬁés ¥eargtivo OFEW

was reached. The sol1d resin was uted wt 0- 55 wei ght' percent
solid sol utMyA PalYigoeysoRteg cap alsedin ¥sedper at ure. Preparation 2 General
production procedure for viscosity nodifier incor-~oratindchain extender

Epoxy/ i socyanat e copdisuitable catalistmeyl berermpieysd dafrsiitaig raactipnpftha ppiyApaxide o
oau pped. wibTPouREyh FRcledolyheB odmphlr, ErafpRE of Scbletal @8 Gihlus zive.
inl ets, sarggrapxyatet prgenorinmemiate cdmpbendrtriadypaluminbime quatgmaneribesphenium and
(tetr a% Om?amfﬁgrﬁ&ﬂ%!aﬂé?‘terﬁé@%%ﬁ@ afid infdazole compounds. The preferred catalysts are
imidazole compounds and azo compounds. Particularly, preferred catalysts are
2-phenylimidazole 2-methylimidazole, 1 methylimidazole, 2-methylimidazole, 4,4'-methylene
methylimidazole), 1,5-diazabicyclo[4.3.0] non-5-en, 1,4-diazabicyclo[2.2.2] octane and 1,8-

diazabicyclo[5.4.0] undec-7-en.
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nonoet hanol am ne) was added to the epoxy/MD copol ymer solution and
addi tional solvent 15 was added to nake a 35 wei ght percent solid sol ution.
When a bi sphenol chain extender was used, an additional advancenent
cat al yst ('t rwohmemgiset hyl phosphoni um acetate) was added to tRCKEBFIFH169,
The reaction m xture was heated to 120C-i 35C. The tenperature of the
reaction mxture was maintained in this range over a period of 2-24 hours

until the epoxy cont qnk cafalyshie geiéraMdeshpibyBd Aarbahbtht WfromW\8T td Rpteferably
percent. Wien an am ne chai n extender was used, the reaction tenperature

was bet wee®-050e11 596t Rigierakly AMaite Pdnanelg&&pwcgrgttbaﬁ,a@ op grajeambinetweight of Ha
m xture Wago g@ﬁ%ﬁ@e é&nﬁ&%@ahggg&ggg)ﬁngte @&ﬁip&g, éfs &)nal sol vent was added to

adj ust the's ontent to ercent Exanples 1 to 6

ot hod 3 out i med. apdng PoRfiRciiats BihaSls ottt difo e o anbiufPaf Sl
|. -16 5 ~tto d3,préferably 20 tadB, meré prefanﬁblgmoo@aemnmwrejswwmmsr meight! | owi ng
anal ytical neth g are used. for . us rreasurenents in the exanples. The
st andar d \A@ferc[enf %?ch{)‘ﬁn RRYEP é '% OlylsoaPaEFFAEaMSoxy Equi val ent Vi ght
E . 5 Reactivit resi ns was asure rdln tothe follo

ot hd: the v esi ' vonheoRehERod oS oiecalt vaﬁrvﬁ 8 ahZriaea o 4t

anmount s as syhpiaferatily Ealm s7ld1ére@i>&er£atylm t0’60, Hast mfetram)emvecses edighit aederd, on
the surface of a hot and reactivity was reported as el apsed tine

required fORSEEPAINER? I?VePﬁé'd@?5§B°'Y'F‘A‘PV§F‘F¥edﬁa?téWﬁerature of the resin was
nmeasured by DSC at 10 10C/ mnute, fromQ to 150C. The nelt viscosity was
measur &8 accor di ng t dNEReAcSTRE e pslyerexide Witk Hepalisqoyanats irusually gpadusted

Vi SCONet er 4t ‘A‘Qérﬁbéra@\‘@f)ﬁﬁ&n O ! @bo@%ﬂ#&ammm%éoér?@% edmlave ﬁ?e?eﬂaétyng
DMF as sol vent. 15 Physical properties o he conpositions are al so shewn

in Table | fromL‘r30°020§ 0°G,-most Qreferablymmmmf}sg?? &bl e | PCT/ US99/ 16984
Exanpl e NoConpar ative Exanple 1Conparative Exanple 2COVPCSI TI ON123456EPOXY
RESI N A70676969. 569. IhePoimrmofidanercantaioing viasesity ireadifier 6an BopkoxiusTdvia either

1905350, S50 T e 0 50 900 B Bl 0

15  gel particle content verses the batch reactor-produced materials. The resident time in an
extruder depends on the temperature of the extrusion temperature, the size of the extruder
and the catalyst levels.

In the production of oxazolidone ring-containing resins via batch reactor, the

catalyst is usually added to the reaction vessel containing the polyepoxide prior to the start

20  of the addition of polyisocyanate compound. The catalyst can be dissolved in a suitable
solvent prior to the addition to the polyepoxide to improve homogenization if desired. The
temperature at which the catalyst is added is not critical. In general the catalyst is added at
a temperature lower than the reaction temperature. The temperature is then raised and the
reaction temperature maintained while the controlled addition of the polyisocyanate to the

25  mixture of the catalyst and the polyepoxide is started. The polyisocyanate addition time will
depend on the physical characteristics of the reactor, for example, stirrer size, and heat
transfer characteristics, but usually, the polyisocyanate is added to the reaction vessel within
a period of time of from 3 to 300, preferably 5 to 240, more preferably 10 to 180, most
preferably 20 to 150 minutes, while maintaining the reaction temperature. The reaction

30 temperature is maintained after the complete addition of the polyisocyanate for a period of
time of from 5 to 180, preferably 15 to 120, most preferably 30 to 90 minutes.

-10-



~ 200 QC, Pa.s43.77.688.07.044. 80. 53Not 29 JAi w2
measur eabl eTg, C93112919690866095M\5994971 4712 1782 i 610 17596456459487
Epoxy Resin A is a diglycidyl ether of bisphenol-A having an epoxy

equi val ent wWa0dW09%8¢t ween t 77 and 189 sold by The Dow Chem F(T/{9{63%¢
under the trademark D.E. R 330. | SOCYANATE A is a m xture of 50/50 wei ght
percent of 2,4'- and 4, 4' net hyl enebi s(phenyi socyanate), sold by The Dow

Cheni cal Conpany unded géhéral, fhadteadiol oK RpBRidé SEhyANITERRhE Polfisbeyanate
met hyl enebi s(phen |sojanat e), sold by The Dow Chem cal Corrpan% ﬁindegrl he
e

trademar k ICOURA rabtcsoneiated (le@tsth@é@hﬁltﬁ%@b%"%éf C) EﬁP‘VE@B'%Oﬁ’e#J'ﬁWG 5%
2, 6-i soner I t
for the epgiﬁk/ﬁ)ldm?eergcﬂﬁgﬁg?%g%a%Baza icyc @é(dS&H Eééeeséﬁl:’e b§$§o%%ab¥ﬁ
~~, ~~ ~ ~3 sugh a9 DWIS diMPamd OBtRD.16984 Exanples 1 to 6 each have a Tg of at
Ieast 86, which is generally conparable with that of PKHH Each of Exanpl es
1 to 6 Bhave a hydroxWhemmmomiphmhecﬂ&ndmsemmwedpn&ttetproalctnpupptmes 0.

obt ot ned 1 SPPAREACeTe Ao dbi i biehlr 43 hfatodeb ERRias B e ¢

whi ;:h uses pb'l?bxazw%m mmmmdﬁpre‘f&rgd wmexténddaafmcunwainblpaeh@*sgialcsgmﬁmd of
TDI / epoxy resi.n (t el t he ghest amount of, K TDI ested in the
Fef er bnos) TV Ahenste. S e SRBInAB PR ROARISA N A KERBMUSS | ng

product is |less than 5, 000 and the npelt vi scosHZ and Tg val ues of the
product are |ow By cHHpR PI%H’O)‘M ehain expNss r§q0H}pQgF‘d%ﬂUDﬁtf°'6?“'a
|socyanate (TD1) which results in a material having a higher nol ecul ar

wei ght }%and consequently a hi gher Tg. ES&QP&"QS 7 to 10 Advanced

pol yoxazol i done conpositions were prepared, by reacting the polyoxazolldone

conposi t i oN&eHRIR Fdp écpmur\"VESP&ﬁ'iS’b’ls@mity Oyttoaa"aﬁamg'r\mgmym lopg tha Backbone, and
ext enders, uﬂé“fFBh\W Hisphe @anﬁies%@u&cﬁrﬁé L@8! RR W%%c Adid 36!63hc acid,

monoet hanol ani ne) 15 usi ng general preparation method 2 out [ i ned above,

and the i nghthafieacid, kaxgh B*Pfh%"cs?é’td f@ei¢ acid.ifraconic acdhijagania agighoperti es of
the CO”pos'o‘oHQ&'?\y%U@cﬁE %@ld%ﬂ |ated %ng‘éﬁwenet-lggﬁw-&godﬁthﬂj@%EIBE@%& b%pgsot?09581

materials are all gher than at o
PCTNS99k 16@@@%!’@“ Fhmn&mmdlﬂcpmmaﬁ RCONZE8bYDERanpl e 129. 2Exanpl e
329. 2Exanpl e 426. 09Exanpl e

538. 34BBA10. 810. 8Bi s{lhertetm MFMGQBWQMMmQMOMQmﬁV?MdWB@Qh

5003 s R AR b S AETERR P RRRIS o SR b gy et

For mul at i orar@n@t'ranesps to IV Epoxy resin var ni sh conpositions were prepared
using the viscosity nodifiers prepared according to Exanples 2 and 7 and
the ingredients and #ftbensuitableichaintexiendadtshisefubinithe pratlice afdhe ot@eobn}w’n@nt s

br oper £ o5 41 PRSI RbifhEbs, BAclf AR AR B b Blrind RS, | g

i s a react ihasinpgtwaol bl bohds capabiessf ceadtihy vmuanIwbkmmumusmmmgourwlmeMW ng
an EEW of br onohi sphenol TBBA),..a CO ciall
aval T abl ¢ DoRERETIBNSER fickss, B HAATHIE CASEARRYI I YiinE oReTRERImaR Y »
cat al yst 1NH-R-NphRRMwhérelyR, Raad F1ané HIRACEfciiatidyl or iyl nitictiegnand hetekddycii di383
and D.E. R 560 dare used -20

secondary amines wherein one or both of the N atom is part of a nitrogen-containing

25  heterocyclic compound such as:

— g
HN~ R—NH—R" ; HN® R—R"-R" NH ; HN H
S S N ¢ sz

For reactivity reasons, and in order to control the epoxy advancement

reaction with the di-functional amines more effectively, di-secondary amines or primary

-11-



2 9 lr-~~~~"3 WO 00/ 09581 PCT/US99/ 16984 at various points in tpe] JAN 2073
follow ng description to refer to the commercial designati ons of various
epoxy resins produced by The Dow Chenical Conpany. D.E. R T'" 38351. 605
TBBA22. 00D. MO (Q/0PR815606. 40cat al yst 500 ppnbased on solid 1 o EERASIIBERP4

d ycol ether (Dowanol PM 10.00 Acetone 8.80 Boric acid solution 1.20 15

(20 wei ght percent in nethanol) TOTAL 100.00 Stroke cure reactivity at 170C

was neasur ednihys Bavingstedediip tinbiefetl drihé groups bfe &eﬁerﬁdh@t fok akampik, 4,6Qimemyd

measuring the taken for the conposition to ge z s ~f.o~ a~3
WD 00/ 0958 1°Y#Q ?’g’??m'lneIQC%GL’S)’W%@Q%E!“Q/@isgq’if"eF*‘é(fqeﬁzmeTCorrponents (based on
sol i ds) EPOXY RESI NFormul ati on | Fornul ation |1 For rrul ation |1l Formul ation

| VFORMULATI ON( conpar aiming amidesaeriaiaing samppendgrisietl as agvangpmennagemers in the
vi scosi t yPiikag in %ﬁmﬁ.h&nua%?%m%g&@%&%&@%& é@%%d;agidteg S5 WY resin

B100. 00100.700100. 00100. 00DI CYA 0solTd 1N DOMNOL
PMTM DVS] Teterrupm@n@lf sulfeaincacidrREIdes $00NG 00HIBIRIB O(SDHBAEYRY 1@ SecondBOeMINNEK]

(o e Creg ) ol 00, S 2 A3 R s o

PVATM Mat eraranhomfylﬁ){fanwhelw 3AQDE¢reed sohpalindrof DNG-pidarpes, ifer exafmplesanpl e

23. 00(50% sol i d i n 2- PHENYL| M QLO, 470. 470. 470. 47(20% solid in

met hanol ) TOFR! P%W'?/F%?I“H?Eb&é‘é}"éy%ﬁ‘tfaf‘f’lﬁﬁ'dﬁhog 27109. 27MEK Sol vent to
make up60.0% SO . Stro Cure Reactivity265 - 269267 - 271269 - 27327
281170C (sec) NB, mn‘gﬁ'ﬁfeﬂ{'@b (hdaa )%5 ¢ PipReazineapd sybstitutedipiperazing SichasiZs
basi s 132_ methylpigerazine, morodthdRoRHif) aRd pipeRdiAl4addreshi®@hcifr ear eas

PCT/ US99/ 16984 Prepregs were prepared fromfornulation Exanples | to IV by

di ppi ng, using a substHedmindxtehdRs fs p“dnwutarlﬁmerais@?éﬂpﬁdnam E’é?ﬁﬁ&% J@Hta.hing
Badi ni eres, Fr-38300 Bourgoin Jallieu France, or Interglas Textil GrbH

U m Donau, Y:RREREA Moraban hand ipssithan & psefBebly-fram 1\Rdp@-2ard Bare prefasahly 2

CARATSCHT" " adailvé AydrbgEals& exﬁ%lej bh@ﬂoh@%&%mﬁ?rﬁ@s BhGhRBIacdien, Switzerl and)
having a 3-neter hori zonta oven, at an air tenperature of from 180C to

185C, and a w nding Sﬂﬁﬁqoélfpréféﬁaﬁi Ehélﬁe)?teﬂdé@fa?erﬁﬁ VarBk ShenbRl NeRQlMmitdive

formulation in Table 111, three different treater settlngs wer e ernpl oyed,

sel ect § sxagpies ¢ ﬁ%a’wow&m%@ds Bea 2. Apisdd brdireme-4-vireNyaherydl propanss 2129
(appr oxi mat IMQW esin
content of &;}égr&a%é r eg ng% r?é%%rée&@ugl&r? h@%i%ﬁﬁxﬁ@e&% pgf@ n%-};ﬁ?@rret er
squar e sheetwrwr:@mwgn@hmm 1ﬂeblef4€h)@im1tyaﬂ‘ﬁfw) Tpphanyeethanes d uldis@i6-diboma-di ng

e it B Y IS
USA) Resul gulfidepresarciriah hyaioheinohd/ temarﬁéthy}b|lsphembAetetrvmethtulambmlfﬁcﬂlaﬁx anpl e
I

(O 180CEp s TR KBIPISEEE Fblerel ARy boRiRcbiho R s £ 4B

9% 424143. 9CGejdrdxypieer(ct)qrddaha2 (BispRdd-b), FEind \@,Z-Bfs @GhyaiZdxye® §-dBikdmophemylipsapasiet y
~ 140C (Pa.sec)20.485.1227.52 -23 Z ~ ,lr,i~ ~~3 \D 00/ 09581

When the phenolic chain extender is non-halogenated, its molecular weight is
preferably at least 110 and more preferably at least 185. The molecular weight is preferably
no more than 800, more preferably no more than 500, and most preferably no more than

25  250. For halogenated phenolic chain extenders, the formula weight of non-halogen atoms in
the chain extender preferably meets the foregoing preferred limitations, and the total
molecular weight is preferably within the preferred embodiments plus the formula weight of
the halogen.
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PCT/ US99/| 6984 Table V - Fornul ati on Exanple 11 29 JAil N3
(Conpar ative) SettingsB3B5B6G | (C)240Set Tenp (C) 185Air Tenp

(C) 183.5181.9182. 0Gap454445W ndi ng Speed (nfmin)1.591.91. 7Resin content (w
9% 41. 641. 543W0@AI098E ne (sec) 117167147M L Flow (% 17. 820. 122. PATHISW kG984
Viscosity 140C (Pa.sec)41.612.6421.2B Table VI - Fornul ation Exanple |il
(I'nvention)ettingsD2D3D4i|l (C) 240et Tenp (C) 185it Tenp

(C) 183ap454442f i ndi npheSpesity(dTlchain ektender Sdp légév‘d iR ti§OPloBINELI0AVYS the viscosity

99 42.842.541. lei -ti ne gsec ) 1241431691 L Fl ow 22.125.022.5i ni nrum Vi scosity
~ 140C ( PaMediipnis prfargbly sychathat the equwﬁlwr@pﬂspwmmaéiomm@39@?616@84
Tabl e VI r I i | (O 240Set
Temp (O 183(,)6\“%?l S'IT}eHn%és( %79 WL&%Q\%%?WE'E‘?'E% Sf;égie)g f%ﬁéﬁéﬁ%al 751. 3Resin
content (wt 9 44. 247. 846 1Gel -tine {sec) 157174114I\/I L FI ow

(9% 26. 131. 025. OM ni nﬂm mlmgolwnecqmpw(dsareé&qdﬂg agoargan@HYitiathe pvention

vi scosigy I const ant
rising ten%ge\r"g%&'tg sca %&rg&? ﬁpnru tlF%o\}\?éectrbg@/ ?g?réi)dge:ﬁastnhér gp% %Igom 80C to
180C. The thesubgattirg remnmmumtlenshmrmsa&poﬁygemm wflpatrtnctﬂaar(lmmehngmjfad:tum of
appr oxi mat eI 120 conds ures

ononst rat &ePiEte dernafy n BedEtia? e ReR RERE, T EphonliE B asebs; ¢
which is sigHi uﬁleaamshnanmtdoerng(airnrst@an.eawombgtﬁ afptitationg®) than that of
conpositions containing no flow nodifier, (Formulation I), and at |east as

good as that of a forkadhairhedetigresih mt@mhFaﬁhh’e (llEétfsﬂ]ﬂhﬂidﬂéﬁashhéorpdrﬁted is
Preparation of Lam nates Ei ght sheets of each | ai d-up

al t er g i nefefefglly angPew "§ﬁ'é'ef“§’ epretemrihep df%\{qdy g’o‘?fgﬁ Srﬁ’@ef‘?] A PESIYIC!SW ng

press cycl ghed @ﬁa habgtnabdBigiNeRGISA. Ot r %Héf@ﬂo@WBQWoRQ rdsiv afr@ ok >¥Q}Hy
tenperature profile, using the pressures shown in Tables VIII

Start TenpetheCHervabivas ofd n‘p)1 H@du@axymsnyl&ﬁﬁbamw hﬁr‘Pﬂ?nﬁfWMa&@%ﬁ 'fﬂ?fﬁ@f 40
mn -25  Byamdibs bfsditabld e‘ﬁ&ﬁ@sﬂgéﬁ& gP@s&é&%ﬂ@éﬂﬁ rﬁ% Y 5@9 dEchBEd in ﬁELee3 0

Vacuum dur ati on Low Pressure Hi g ssure 5 The tests

mn 40 - 1&@@{%&1\&@&&@&@_@@&%@@@&& 20 0deGray- Iﬂs&ﬁ@olp@pf b967éd on
each cured lam nate: (a) N-nethyl pyrrolidone (NWP) pick-up was neasured by
wei ghi¥fg a 5 centi meThe epoxy resimisi geneally ahepoxpternaatedaesin having aghelgeular j n

NMP at 23 n
R por cop 8o e 20 3008k P S AD e TR bS8 Sl o>
measur ed ubalngera(fol éxamplenbramting caehinrimg) caplasphenoses, i bEGesinscanni ng f rom 50C

to 220C at 10C per minute. The results are expressed in C. The sane
| ani nate sanpl e was Inpartiodarethe epoxytreainrmaygbe, femrakamgle), B.regic dekieddrom the

resi stance {

for 120 m iEie SR ERolte B Miubocen A8 BB BB B BRER Vifprhat RH E00
650: 2. 16to 3800 (fmrexmplesaspdmabiedah&) ScBateni N AL5012682knt. Water pick-up
was neasured. (d) T - 260 was neasured as the tine in mnutes when the
i)glmoggtS(i SPtC?.; tu%Sg} 268%4%3‘%@0'1 ? comeP’l st;eeg IoRnngc(Sog%I resﬁﬂ and Igw%olventdcon%n%, Vo
VI | | Lam naastesdribad s®\WD A9i61RA8it nat e1234Pr epreg setti ngA6B3D2E6(see t abl es
4-7)Lam nate PropertiesTg 1111 Cl147/ 1451441 143148/ 146149/ 147(fresh
prepreg)Tg /11 C145Tﬁe4&izﬁmhﬁd0&\é@hik#\éﬂrﬁé’/ele@ﬁ(msemymeageldzc%dﬂamyaﬁde oom

t enp) Viat k- up, Q. 470. 480. 470. 49( wei ght { K-
(v ght 0. 160PSDTE Rscha Hefeeeiorder & BEoviGh Y SSoFEs Sorataps BToponiEs 8 v |

denonsig at giscibSed intFET/0S08108041 ons according to the i nvent| on show a hi gher
Tg of the final lamnate both imediately after the lam nate is prepared,

and after 45 day agi nge RkmblBGoPMaParRe cBpre® BbbfIFPRINiMAE cofmpaind, for
correspondi ng | am nat es
example boric acid or a boron oxide, as a cure inhibitor, as disclosed in GB A 0,458,502.

The heat-curable thermosetting resin preferably further contains a hardener

(otherwise known as a “"curing agent®). Suitable hardeners are multifunctional cross-linkers.

-13-



5 prepared using PKHH -27 z s ~f,~~ a~3 WD 00/ 09581 PCT/ US99/ 26@8 rUsens
of different viscosity nodifiers in epoxYfornulations using styrene/ o
anhydi de copol ymer as curing agent (hardeney. Conpositions were prepared
usi ng styrendY®B/e9s81 anhydri de copol yner as an epoxy har dener PCEHN/H8bus
hydroxyl -free viscosity nodifiers, as shown in Table I X. The 5 epoxy resin
C has the follow ng conposition (parts by weight): D.E R TM

33019. 452D. uch. mtihoinaBirddBitkels &&ﬁiﬂécﬂ@ﬂ%ﬁﬁm@%ﬁ@fe@rﬁ@@,rsﬁcﬁ asivpl.6, the

3 conponent ere blended at 13QC for 1 hour, and t olids
wer e di ssol SRS Ryl poxy Resing|" @&t S48 5@6%%5'%415°‘8%‘%§§30ent

solids. 15 ﬂﬁlﬁfuﬁ&ﬂdr%'l‘@/ 4§ ﬁté? ?#Bﬁ% ¥¥hin % farably abl e
from ELF ATOCHEM The t())ropn na?e béljato(r\cgne %@ﬁda mat er | a&%’%lr% as )JPDBS- 10

(by Great LooRERY) onW@rasemﬁrﬁmaédwg@cymmgsnen@gwepml@u}eatwilnﬁtar&@L theas

goe'? ﬁil( ? 2(9?% 'ﬁﬁ(terrb azo%lg céﬁt% rborl %r%gt& 'fE'éHoRHL&r r%(\’ﬁ%gﬁ)ug{s o ? nngap Pioad

per cent soI amise igroupst h‘@rmih)m 2- m&nohczh)@roxyt gipups~a~ph1er/ 00M]%8 3deaEbQ|@upS(or
Weight ratig %\}P$ P\?one based on solids) PCT/US99/ 16984

For mul at i ot WRIVI'PRAYY ¥ 8’8’ AF9rMRS: onpar at i ve- no vi scosity-

PKHHmodi fi er) vi scosi t ynodi f|

(F) T" " 44. 00044. 00044, SBraEaisason FFSHERFIRYWP Lypeusetul as

C56. 00056. OH8én e Bdrepd ﬁ@m@oﬂ&ﬁ% elyadinkes) ?B@éﬁh@s migidkities, polyphenols
sol uti on6. 00030% sol fédp ?’g DIVFExanEW:MG 000 0% sol i da?ﬂga-DNFBr ompngFt)e

Pol yst yidenedsasigsthat cont P ERRCHS SRSy F\?Fﬁ?”@ﬂ"c?@éragﬁoﬁ%eﬁrﬁpl d
in DMCat al ysdafigdy &"ﬁl@ﬁf@tnaﬂﬂgl G889 ARRCINE IR iR H nigS hN&@ PbiydrRnBRKSRIcH Bs

sol uti onCont ai ni ng_60. ‘ .
sol i dsTOTAL@G'%%DEGG"‘G@@POQ‘“@QM@@QM@W@EQ’%W@'CC@#@ brased inglude 170, C

Renot 1 vi ty Fopastisad B, or SRR n WO RREA 1 a1 pubiifa BRI asN ©
2Stroke Cure React I Vi §ife é% ity & ﬂ&lﬁflnctnoﬁ%ﬂ%&% Imké.'l7 it i)?geraf)\jﬁl@rpg1 to %65 %ﬁ&s

151'sec. - Da 3 ' phase paration cause onset
f or nul attS orbwweighlaper bunsired parts tomweluhtnhtheaneetd qgmpppmgmyWéne tmmu@fw@mm@d

out due to Low slph Jllé){?)‘nd%fmé%ﬁhdé/ @rﬁﬂlggénr{ AR EfntaiRs ﬁ?vﬁ%%}frﬁﬁf from

Tabl e 1 X) Fornul ati ons i Nng" Vi SCOS ers th a
near - zer o hyeighbaof dicyahdinmidsl per $landredipatts af thg eésin compositihne tThepolyanbydrides are

Cont ai ni g MBeORLEBERTD aamTEp Pomdl o 100peit ROk Reh RIS B8IL4 Tabi o
X- For mul at ¢commpdsitionpl e VSetti ngsF4F5F60; 1 (c)22sSet Tenp (C) 175Air Tenp
(C) 166Gap626151W ndi ng Speed (m m n)0.91. 01. 1Resin content (w

1)42. 13%. 638. 3CGel -ti nEpéwee&:ﬁ@é&nbNhuhothwdﬂ@t& tbé invedtibn/mdyugptionxlly- contain

Formul ati on ettl Gl&G&3Q0 231Set T 175

(3 o caparsReaie sTEoaha UiV Fom T torel Vo4, SiEnes stbdes tare etdrad P

% 39. 746. 836rgdfie lor inoiganickiers) pitfrddritd-ard wettitgd &derﬁQOEﬁdrﬁplés of suitable additives are
described in U.S. Patent No. A 5,066,735 and in C.A. Epoxy Resins-Second Ed. at 506-512

(Mercel Dekker, Inc., 1988). Particular examples of additives are methyl-toluene-4-

25 sulfonate, aluminum oxides, phosphonic acid ester (such as Amgard P45 supplied by
Albright and Wilson Ltd. United Kingdom), and Talc.
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prepreg were |aid-up i b with sBIe8Q of 10 Fopper foil,
according to the foll opfatglypt ess cycl e. e | aid- O®1ps epregs jwere cured
according to the foll oW}n@nbme@ature profile) uspsg the prepsures shown
in Tables VIIIl to Xl: iaEdsity MBdifier| aL eau | renp. Heal 44D Tanp [ate0 Pl ateau
Time: Cooling to RT t A \fgélmuun atton IEbbUIbrng mLuup S/ mn 90 mn
50 mn 30 mn 120 KN/9 P jar-e—Fhe—st-andard—edpper—foi-bs—NT- TUV and t he
comercially avail able treat ed 15 copper foil I\FI'TV\S wer e obtained from
Circuit foils, 35mthickness grade and the peel strength was neasured by

| PC met hod TM 650 Numhgforfufhtihis plevitlusty Nbd-met Avdyeeiladaits lake Graprogahfd
7Lam nate 8Pr et%g % setti ngF5&H115see Tabl es 10-13Lam nate Pro ert| esTg% /1
| C183I 185¢ksiricaid @1“3@84 praglationspdyancesuickly asdgentipliably during B-staging to
wei ght Og 19Qv&a@flglgwd2&9§'i&§r'89§5 géféﬂnlﬁ‘éw@ﬁlrtﬂglaﬂlgatﬁé?stgpll 6(NT-TIN) peel
Strengt hN cnr eat ed Copper 15.413. 415. 116. 2pee| strength, N cm -32
Jfll~ Cvi. WO 0010958 PCT/ U899/ 16984 Exanple 11 pol yoxazol i done

viscosity nodifier MB&’W@HOQﬁEa’bP%ﬁQ%deQP%Befﬂcﬁ’é "ﬂ@ﬁé‘r'ﬁ?s of tabilitdt i on
met hod 1 outlined above with the follow ng ingredients: 68 wei ght percent
epoxy resin A) 32 weipgéferrb bmBBHIm eneCHf IPheerionardlilldSiie PRMh&ERHowSspecific
resulting 5 nodifier resin had an EEWof 780 and a nelt viscosity of 34 Pas
at 200C. Ar?xéﬁ\ﬁ!?? resin varni sh conposition according to the present
invention using the above viscosity nodifier and a conparative epoxy resin
varni sh w tph#,—aﬁdpﬁ VPgepafdtibll o idedsitg modiief € prepared using the procedure
as outline Forrmul ati on Exanples | to IV except that the base

t hernosetting resin used vvas D. R 59 A80 D. E. R 592A80 is A reS|n 1 o]
based &h =_;:l"¢ RIQ elaN . X8 l=contal DOXVID I

avai |l abl e fgb@ﬁgg\,@w@%mﬂg‘al Corrpany. The |ngr ed| ents and armunts of the
varni shes are set ou abl e XV bel ow. The varni shes were prepared by

bl endi ng the various conponents at roomtenperature u a nechani cal

stirrer. The stroke AMRPOXBERSN (B-EyR-380K eteq 19:100 Hf‘ ¢futrogen purge in a

1-liter flange-top glass reactor equipped with an electrically driven mechanical stirrer, air and

nitrogen inlets, sample port, condenser and thermocoupie 1500 ppm based on the total

15  solids (epoxy plus isocyanate) of a reaction catalyst (1,8-diazabicyclo[5.4.0] undec-7-en, a
commercial product obtainable from Anchor under the trademark AMICURE DBU-E) was
added and the mixture was heated to 150°C (for MDI) or 180°C (for TDI).

An isocyanate (as described in Table |) was charged into the epoxy resin via

an additional funnel portionwise within a period of 5-240 minutes.
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square centineter. The gel time of the prepregs are shown in Table XV. 2 o
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Exanpl e ;AEx 0
part sol’ d100 paoeanagBldtedhich DR 05 BLFrcheoht SOIPSich MhalSRIeR”
sol i d) Bor i croagi tdmpémaiture0. 4 (solid)0.4 (solid}(20 weight percent inmet henoI
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0. 6i mi di zol Bfephmlid®EAML) (2E4AM ) Di cy, (phr) (10% soliid in2.8 (solid)2.8
(solid) Dowanol PM DIVF} Var ni sh Gel time C~ 170 C 218241secondsTreater

Setti ngOven ‘ . A "

A | 51..6Resi n

cont ent @ Z EPrepT e o ; Imeivr ches %t g

(seconds) M ni mum rrel t viscosi ty 7985measur ed ~ 140 C (class)Lam nat e TQ9)
(O 176174 _34. 2 %pdxyhsbcyﬁaﬁe Mdlg@vié}%&ﬂuémr th E588rdh6EBWitH Reepavationat | on

resul t§ descrijbed e in Tab i.ble tag achieve a
| onger el GPiraRgR)fn 2 AT R Lt Aoty UpeBd Y etnieRaRl EHEP M AS Cost ty
nodi fier of eletticaily eeiedt miebivanital &ftver st Mir€yen iflefa] gﬁrapleﬁ?aoat egrRRns@ i fid-al
nelt viscosj tﬁéBOMI | e mai ntaining high lamnate Tg. -35 dhid i~~~
What is cl ailRERPGOLPIes A t hermpsetting resin conmposition corrprl sing a

heat - cur abl e t her nos r%,;ﬁreSI n _having a nol ecu{ygr we of from about
200 to about 3000, an Riger (retsargmabiseiena 'p%‘fseté%t" By%ei ght, based

on the remm&mmmém.ﬁ@) waY adie it 8254 doxy/ M cbpymatdditionsand ddBRibARIRoR&ht C
resin haV| ng a nol ecul ar wei ght of at | east about 5000 and a hydr oxyl

cont entlSnot W% adieditA ks AR5 Yﬂe'thde‘PQi&W“deiﬂHt'?'al ents per 100 g of the resin
conposition, said viscosity nodifier used as a vi scosi Eﬁ% nodi fyi ng additive
to control the viscos\Vhgn aivisphena chaipiextenderdvas usedcam pdeitiena gg\{a(pge@png he

heat - cur abl @ataupﬁr(ﬁfaﬁ&métﬂg ph§s°pv hBnih é&t&t@ Wstddel% Bk SARRBHATRe ToadtiBna
final cured resin resul romcuring e heat curabl e thernosetting
resin; wher®@jxture M’és\hﬁé@éépt 90°|$D‘tﬁ5‘° Ce'll'hﬁ! tﬁﬂmraiw&ﬁlﬂﬂmét“?ﬂ MEBAWEE NI ng
CO”pound ha?ﬁhm irfba i g ratgeloWErSd éﬁﬁd@@fi‘hdu? bR tHeb @ﬁx};%n@ﬁp&qﬁé e%ndé& a
pol yi socyanate having an | socyanat e functi ona Ity of m about 1.

about 201; @) selidp@syewenthar1ipartenty an epoxi de functionality of from about
1.9to0 about 2.1; and optionally, c) a chain extender. 2. A thernpsetting
resin conposition as \Whahasamine aain extandenes esed, threresstien tempemsineywas

navi ng & mopanars o0 G FRRE R AR P OB BT T < (e roactf on

product of: a) from ou out 4 h
pol yepoxi de and pol yis {?gélgqn '%F(@g%wgﬁfzgdg\ﬂ‘og{ qu?';‘ﬁg%&’/rgh ana%%h&went
i socyanat e Wwasaddedrtaladjugt the sblideontdratd 30 wBightpertantt 2. 1; b) from about 80
to about 57 wei ght percent, based on the pol yepoxi de and pol yi socyanat e
react arsss, Bamplgl ye®oxi de havi ng an epoxi de functionality of from about
1.9 to about 2.1; and optionally, -36 2 9 J~, 1~ elJ~3 ¢c) a chain
extender, in an am)u such a to rom about

OSI{I%]S

about 0.5 equival ents ¥°’@%%' WEre BEPﬁtﬁdof’s'f'ﬂé‘etQteétef?i?é‘?’tairﬂtbon

resi n conpogiethodn.oulined abbed, @ﬁéﬁé |h§ﬂadreﬂ€d dhdPiPts $dt @t mSTableal. med in cl aim
2, wherein the said
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viscosity nodifier is in an anount such as to provide from about 0.8§;b%“:1533
about 0. 25 equival ents of oxazolidone, per kilogramof the thernosetting
resin conmposition. 4. A process for preparing a prepreg, which process

conpri ses i nwaegm@ssing a reinforcing web with an epoxy resin POVpesI/16p%IN, a
hardener for the epoxy resin and an organic solvent, and heating the web to
a tenperature sufficient to partially react the epoxy resin with the-

har dener, char act eri 26 (hiuidilndicaREN¥ad £31 1o HIRARLd MBaditefehfRSh e
conposition as clainmed in clamZl.5. process Tor préeparing an electri cal

| am nat e wexampfesocess conprises |amnating at | east one |ayer of a prepreg
prepared by a nethod as defined in claim4 with electrically conductive

mat eri al and heating the,so epared | am nate to re the. XY. esin
Fesin conmposi tion as Teaaear H8Een HeviRlad frefile Selnfing By Bl en?
2, 4' met hyl emeight BWenyl -i socyanate) 4, 4' -net hyl ene- bi s(phenyl i socyanate),
polynmeric MDI or toluene diisocyanate, or a mxture of two or nore thereof.

7. A resin conpositi as .claimed in claim1, wherein the ppolyi socyanate
Compound {'s. enpl oyed HEACHIY ShBIESBF Yor GHASHISAECE8 oS a0 Bloding . v
percent, bas&d selutibh®a®BlelEaP¥itrtleatans 4l Nardeh@ram gindumts a8 (sABWA in Pablé\IIr &&d N
conposition as clainmed in claim7, wherein the polyisocyanate conpound is

, y T
enpl oyed i Makie eolheemigturg wasthepdaacted on theayrigee 202 fel Ridte, Hit ©aptvityWdSed on
t he pol yepqgyi I ants. -37 z s ~h~~ ~c~~ 9. A
resin comgé???cﬁgglgﬁegitﬁe@gﬁiaﬁ?%ﬁgr %agﬁd?p\}\her ei n the polyi socyanate
conpound is enployed in an anount of from about 25 to about 35 wei ght
percent, based on t helhsdlasstigrpitien tavepgseits of s easiy was @gaswad By DEC alA resin
conpositi o0 =1 [ km 1, wherein the pol yepoxide is a diglycidyl
et her &P aqéﬁﬁyﬁbﬁémﬁﬂ%ﬁg??g?ba di gl ycidyl ester of a dicarboxylic acid.
11. A resin conposition as clainmed in claim1l, wherein the polyepoxide is a
di gl yci dyl ether of Dbiheghelhndscosity wasimpagdred pecerdingito tiye A% BY) K446/ method using
brom nat ed i i i.sphenol - A, a brom nated diglycidyl ether
of bi spheno -lgl §§ﬁ%¥¢g @%@S’(@scgﬁ]eg\/ﬁb or nore thereof. 12. A resin conposition
as clainmed in claiml, wherein the chain extender is a dihydric phenol, a
hal ogenat ed di hydri c Whightsaveragednelaeuenweight AW avassmaasures by GHIC uging DMF as
al kanol am ngy ehg- A resin conposition as claimed in claiml, wherein the
anount of -t'he oXazol i done ring-contai ni ng conpound vi scosity nodifier is
fromabout 0.5 to about percent in weight, based on the weight of the resin
conposilBi on. 14. A r e¥ysicelnrprasties ofitheisompesitiang arqalsp gshewn in kin the
oxazol i done ringcontaini ng conpound viscosity nodifier is an
epoxy-term nat ed pol yoxazol i done and the anmount of the epoxy-term nated
pol yoxazol idone is fromabout 0.5 to about 20 percent by weight, based on
the weight of the resin conposition. 15. A resin conposition as clainmed in
claim1l1, wherein the heat-curable thernpbsetting resin is an
epoxy-term nated resin having a nol ecul ar wei ght of from about 200 to about
3000. 16. A resin conposition as clained in claim15, wherein the
epoxy-term nated resin -38 2 9 J~J E~~3 has a nol ecul ar weight of from
about 200 to about 1500. 17. A resin conposition as clained in claiml,
wherein the heat-curable thernosetting resinis a resin derived fromthe
reaction of a pol yepoxide with a polyisocyanate, and having an EEW of from
about 200 to about 600. 18. A resin conposition, as clained in claiml,
wherein the resin conposition also conprises a chain extender, in an anount
of fromabout 0.2 to about 0.5 equivalents of chain extender per epoxy
equi valent in the epoxy-term nated resin. 19. A resin conposition as
claimed in claiml1l, wherein the heat-curable resin conposition contains
boric acid or a boron oxide as an inhibitor. 20. A resin conposition as
claimed in claiml1, wherein the conposition also conprises an accel erator.
21. Aresin conposition as clained in claiml1, wherein the conposition also
conprises a curing agent. 22. A resin conposition as claimed in claim 21,
wherein the curing agent is a polyam ne, polyam de, pol yanhydri de,
pol yphenol, or a polyacid conmpound. 23. An article conprising a cured or
B-staged resin conposition as clainmed in claiml1, 24. A nmethod of preparing
a thernosetting resin conposition, which ggfhod conprises conbining a
heat - curabl e thernosetting resin having a nol ecul ar wei ght of from about
200 to about 3000, with fromabout 0.5 to about 40 percent by weight, based
on the resin conposition, of a viscosity nodifier wherein the viscosity
nodifier is a thernoplastic resin having a nol ecul ar wei ght of at | east
about 5000 and a hydroxyl -39
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u& () - g%/t%&&'owa'@lﬁe hoetAdd BisciosEd(in Exsmp0seEP B)0,896,3P6] Ghechikisés T), i 40%

m& () - amount of 18.7 percent, based on the total amount of TDI/epoxy resin (this being the highest
amount of TDI suggested in the reference). It can be seen that the molecular weight of the
resulting product is less than 5,000, and the melt viscosity and Tg values of the product are
low. By comparison, Example 6 employs a larger amount of isocyanate (TDI) which results

10 in a material having a higher molecular weight, and consequently a higher Tg.
Examples 7 to 10
Advanced polyoxazolidone compositions were prepared, by reacting the
polyoxazolidone compositions prepared in Examples 1, 3, 4 and 5 with various chain
extenders, namely bisphenol-A, TBBA (tetrabromobisphenol-A) and monoethanolamine,

15 using the general preparation method 2 outlined above, and the ingredients and amounts set

out in Table Il. Physical properties of the compositions are also shown in Table Il.

The Tg of the resulting materials are all higher than that of PKHH.
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n 0 " (Y L« o« ..
T8O Bampled 26.09
Example 5 38.34
TBBA 10.8 10.8
Bisphenol-A 3.91
Wunoethanolamine 1.66
DMF 60 60 70 60
Triphenylethylacetate 0.04 0.03 0.09
|RESIN
CHARACTERISTICS
% epoxy (on solid) 0.67 0.70 0.65 0.82
Tg, °C 130 137 131 111
Hydroxyl content 0.10 0.10 0.11 0.14
(Equiv/100g solids)

10

Formulation Examples | to IV

Epoxy resin varnish compositions were prepared using the viscosity modifiers
prepared according to Examples 2 and 7 and the ingredients and amounts set out in Table
Ill. The various components were mixed at room temperature, using a mechanical stirrer.

Physical properties of the compositions are also shown in Table Il

Epoxy resin B is a reaction product of a commercially available liquid epoxy
resin having an EEW of 180 (D.E.R. 383), tetabromobisphenol-A (TBBA), a commercially
available brominated epoxy resin having an EEW of 441 (D.E.R. 560), and a catalyst
(Triphenylethyl phosphoniumacetate). The designation D.E.R. 383 and D.E.R. 560 are used

-20-
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Glycol ether (Dowanol PM) 10.00
Acetone 8.80
Boric acid solution 1.20

15 (20 weight percent in methanol)

TOTAL 100.00

Stroke cure reactivity at 170°C was measured by stroking the formulation onto
20 a hotplate at 170°C, and measuring the time taken for the composition to gel.
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(40% solid in DMF)
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NB, Components of formulations | to IV are given on a solids basis
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10 (approximately 120, 140, and 170 seconds, measured at 171°C).

The resin content of each prepreg was measured using 10 centimeter x 10
centimeter square sheets of glass cloth before and after prepreg production, according to
Method IPC-L-109B, IPC-TM-650:2.3.16 (available from the Institute for Interconnecting and
Packaging Electronic Circuits, Lincolnwood, lllinois, USA). Results appear in Tables IV to

15 VIL

Table IV - Formulation Example | (Comparative)
Settings A2 A5 A6
Qil (°C) 240
Set Temp (°C) 185
Air Temp (°C) 180
Gap 48 44 46
Winding Speed 1.3 1.55 1.1
(m/min)
Resin content (wt %) 42 41 43.9
Gel-time (sec) 142 175 126
MIL Flow (%) 20.0 21.0 20.3
Minimum Viscosity 20.48 512 27.52
@140°C (Pa.sec)
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10 Preparation of Laminates
Eight sheets of each prepreg were laid-up in aiternating layers with sheets of
copper foil, according to the following press cycle. The laid-up prepregs were cured
according to the following temperature profile, using the pressures shown in Tables VIl to
Xl
15  Start Temp: 40°C
Plateau Temp: 180°C
Heat up ramp duration 70 min
Plateau Time: 40 min
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$109& () -Varauldffamn() - ) c< $SHOW® ()-))? $z{vV6. 4c< c< $10%& ()-)c<
$10%& () -Low<PBEOIRE () -) c< $URSRAIGIC ) c< $LQBMN (Jookin?) $f J. 4c< c< $10%<
$1090& () -pligh PRRUE& ()-) c< 110°-end (40KN /900cm?)

5

The following tests were performed on each cured laminate:

(a) N-methylpyrrolidone (NMP) pick-up was measured by weighing a 5
centimeter x 5 centimeter sheet of laminate, immersing it in NMP at 23°C for 30 minutes,

and then reweighing. The resuits are expressed as a percent gain.

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

(c) Water resistance was measured by putting the laminates in a pressure
15  cooker for 120 minutes according to Method IPC-A-600, IPC-MIi-660 and IPC-TM-

650:2.6.16. All laminates passed the test with 100 percent. Water pick-up was measured.

(d) T - 260 was measured as the time in minutes when the laminate started to
decompose, when heated to 260°C.



$10%&' ()-)c< $10%& ()-)c< $10%& ()-))? $~bF. 4c< c< $10c< $10%& §)JAit 2023
$10%&' ()-)c< $10%& ()-)c< $10%& ()-)c< $10%& ()-))? $vV6. 4c< c<

$10%&' ()-)c< $10%&' ()-)c< $10%&' ()-)c< $10%& ()-)c< $10%& ()-)) 2 $
1fJ.4c< c< $SNPAMIFBIONRE ()-)c< $10%& ()-) c< $10%& ()-) c< REMIUBR16984) c<
$10%& ()-)) 2 $!"; <=>?~bF. 4c< c< $10c< $10%& ()-)c< $10%& ()-)c<

$109%&' ()-)c< $10%& ()-)c< $10%WE ()-))2 $2@K A z7B.4c< c< C<

$10%&' ()-}) c< $10%& ()-)c< $10%&R ()TFapeVIE10%& ()-)c<
$109%8& ()-]))? $_"rstuv~bF.4c< c< c< $10%& ()-)c< $10%& ()-)c<
10%9& () -he<$t0884 =508 - Srn—L B L <6<t -
$ 0 Lamifate” | Laminate | Laminate | Laminate
1 2 3 4

Prepreg setting A6 B3 D2 E6
(see tables 4-7)
Laminate Properties
TgiMmec 147/145 144/143 148/146 149/147
(fresh prepreg)
Tg M °C 145/143 141/140 146/144 147/144
(prepreg aged 45
days at room temp)
Water pick-up, 0.47 0.48 0.47 0.49
(weight percent)
NMP pick-up (weight 0.15 0.12 0.15 0.11
percent)
T - 260 (min) 25.7 32.5 27.6 33.8

Table VIIl demonstrates that the compositions according to the invention
show a higher Tg of the final laminate both immediately after the laminate is prepared, and
after 45 day aging of the prepreg at room temperature, than corresponding laminates

5  prepared using PKHH.
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$1098& ()-)c< $10%& ()-)c< $10%& ()-)c< $10%& ()-)c<
$1098& ()-))

29 JAll 233

2" $~bF. 4c< c< c< $1099& ()-)c< $1090& ()-)c< $1098& () - )c<

$1098& ()-)c< $L090@&: ()-)) ?" $~bB. 4c< c< c< $109& ()-)c< $10W&(“<}§9? 6984

$1099& ()-) CXOPVOIBR' ()-)c< $10%& ()-)) 2 $fJ. 4c< c< c< $1098RET

$1090& ()-)c< $10%& ()-)c< $10%& ()-)c< $10%& ()-))?" $ VV6. 4c< c<
$10%&' ()-)c< $10%& ()-)c< $10%& ()-)c< $10%& ()-)c< $10%& ()-))? $

#S9R' fJ. 4cYsest dif[@%Kw&:’b@@&o@[le@ epd B RN GiatidnsOsirblRMe/ atai€ anhydide
1098 ()-) c< $1098E $ (Bl PWV6. 4c< c< SIO%WA ()-) c< SL0% ()-)c<
$1008& () -5902! R (k) -)) 2" $7_vwxyzf J. 4c<

Compositions were prepared using styrene/maleic anhydride copolymer as an

epoxy hardener, and various hydroxyl-free viscosity modifiers, as shown in Table {X. The

S  epoxy resin C has the following composition (parts by weight):

D.E.R.™ 330 19.452
D.E.R.™ 560 25.352
TBBA 11.196
10 TOTAL 56.000

To prepare resin C, the 3 components listed above were blended at 130°C for 1 hour, and

the solids were dissolved in DOWANOL™ PMA to give a solution containing 85 percent

solids.
15 The styrene/maleic anhydride copolymer was SMA 3000, available from ELF
ATOCHEM.
The brominated polystyrene was a material sold as PDBS-10 (by Great
Lakes).

The Brominated polyphenylene oxide was a material sold as PO-64P(by

20  Great Lakes).

The Catalyst/inhibitor was a mixture of 2-ethyl,4-methyl imidazole and boric

acid, in a weight ratio of 5:4 (20 percent solids in methanol).
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| enn
c< $10%< $10%&' ()-)c< $10%& ()-) c< $10%& ()-)c< $10%& ()-)c<2 § JAN 723
$10%& ()-))? $z{~bF. 4c< c< $10c< $10%& ()-)c< $109%& ()-)c< $109& ()-)c<
$1090& ()-)c< $1099& ()-))? $fJ. 4c< c< $10c< $1098& ()-)c< $L09O& ()-)c<
$1098&' () - ) CNOPVOIBR' () -)c< $1098& ()-))? $vV6. 4c< c< $1090&PLFIUSEY16984
$10%8& ()-)c< $10%& ()-)c< $10%& ()-)c< $10%& ()-))? $fJ. 4c< c< $10%<
$1090& ()-)c< $1090& ()-) c< $1098& ()-)cs, $LO%R ()-)c<

$1098& ()-)) 2" $% +, -=yl Rl g' 10% 0%& ()- c44109%& ()-
c< $109& ()-))? $=l ape[[: &’f@’(W‘Pﬁ%mﬁan%ﬁts%@P%%'SQ@%

CYg# 004l J&! {\ cH 100" J&! cEEMIQOAL 18 (Y- cS2Am1004]" 1& () A/le[' Rl._C
cl 110w’ J& () Foemglation' J & () c\1 1% Jler (OMz ¢| 108 ak () Vi) 1ﬁ%]' J& () -
cl1100d' J& ()-fJ_RL ¢ cl!10 "10%' J& ()} "10%| J& () - c|(camparayee|(cpmparativ
"109%)f J& ()- 109’ J& ()- c"1Qud' J& ()-f|\8_RL p#3: "10yatolscppity| - PKHH

"10%)f J& ()- "109%' J& ()- "10%@' J& ()-#B: hH Rl E#3: modifier) | viscosity

madifier)

{

SMA 3000 (F)y™ 44.000 44.000 44.000 44.000 44.000
(50% solid in DMF)

Epoxy resin C 56.000 56.000 56.000 56.000 56.000
(85% solid in DOWANOL PMA™)
PKHH solution 6.000
(30% solid in DMF)
Example 2 6.000
(50% solid in DMF)
Brominated Polystyrene 6.000
(30% solid in DMF)

Brominated polyphenylene oxide 6.000
[30% solid in DMF]

Catalyst/inhibitor 0.090 0.090 0.090 0.090 0.090

MEK Soivent to make up solution
Containing 60.0% solids

TOTAL 106.080 106.090 106.090 100.090 106.080
Stroke Cure Reactivity 170.C (in 185 - 189 {194 - 198{200 - 184 - 188 | 179 - 185
sec.) - Day 1 204"
Stroke Cure Reactivity 170.C (in 171 - 175 [182 - 186|182 - 186| 170 - 174 | 161 - 165
sec.) - Day 2
Stroke Cure Reactivity 170.C (in 167 - 171 [167 - 171|180 - 184} 162 - 166 | 147 - 151"
sec.) - Day 3

* phase separation caused by onset of gelling.
** The formuilation VII was turbid and the brominated polyphenylene oxide settled out due to
low solubility of the viscosity modifier.

As can be seen from Table IX, Formulations V, VI, and VIi containing
viscosity madifiers with a near-zero hydroxy content all show similar gel time reduction, with

no phase separation caused by onset of gelling, compared to the compositions containing no
viscosity modifier.
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"100Q' J& ()-#3: "10%' J& ()-" "10%)' J& ()- "10%)' J& ()- "10%)' J& 3)9%_‘%«
c#3: "10%' J& ()- "10%' J& ()-#3: "10%' J& ()- "10%' J& ()- "10%' J& ()-

dD R1 c#3:
"10%)" J& ()

"100Q' J& ()- "10%' J& ()- "10%' J& () - #3:
“WOPP03B1 > R1 c# "10%)' J& ()- "10%' J& ()- "10%' R

"10%)' J&

(t;s_99/16984

"100%' J& ()-#3:( "10%' J& ()-CCGH “ch_? Rl c# "10%)' J& ()- "10%)' J& ()-

"100Q' J& ()- "10%' J& ()-#3:( "10%)' J& ()-hi x| <_Rl C##3:
"100%' J& ()- "10%)' J&
"100%' J& ()- "10%)' J&
" 109

"10%' J& () - (#3:

<1096& ()-r #109%& ()
<10% <109

<=>GJhHvU5
<1098& ()-rJIMPQZ"

' J& ()- " 2965+ T2 &rrwl_atioq@x IR ()- "10%'
j@ﬁg?’fﬁg&yf‘#f’fiéﬂ'i‘é? skt

(5! (°E)L 226

Set Temp (°C) 175

Air Temp (°C) 166

Gap 62 61 51

Winding Speed (m/min) 0.9 1.0 1.1

Resin content (wt %) 421 39.6 38.3

Gel-time (sec) 6 34 51

MIL Flow (%) 35 115 14.7

Table XI- Formuiation Example Vi

Settings G1 G2 G3

Qil (°C) 231

Set Temp (°C) 175

Air Temp (°C) 167

Gap 65 68 66

Winding Speed (m/min) 0.9 1.0 1.1

Resin content (wt %) 39.7 46.8 39.4

Gel-time (sec) 9 28 52

MIL Flow (%) 1.9 20.6 15.7

o "10%' J& () -
"()- "10%' J& ()-#3: D_R1 c##3 "10%' J& ()-#3:

J& ()-:vUWs
10%' & ()-:;
OB& ()-r
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<1098& ()-r <1098& ()-r <109$& ()-r#3" h <1098& ()-r

<1098& ()-r

_~aostudHvUs

29 JAN @2

<1 <1098& ()-r <109B& ()-r <1098& ()-r

<1098& ()-r#3" h <10%& ()-ruv|\8vU5s #3" h& <10%& ()-r <109%$& ()-r

<1098& ()-r wiOsdB8sst)

-r#30 h"DvUSs #3" h <109%B& () -r#3" h <10%R¥/(999M6984

<1096& ()-r <1098& ()-r <1098& ()-r{_2vU5 # <1098& ()-r <109%& ()-r#3~ h
<1096& ()-r <1098& ()-r <1098& ()-r_2vU5 # <1098& ()-r <1098& ()-r -

<1088 ()-r#3~ h <109FETJT :
<1098& ()-r <1098& () Sapeny-\Forhuta
<109%8& ()-r <109%& ()

Craan b SiBSRa (o eder e Utyi(foﬁyfﬁi(;-l?%& O
-Settings H3 H2

Oil (°C) 226

Set Temp (°C) 175

Air Temp (°C) 166

Gap 60 60 61

Winding Speed (m/min) 0.9 1.0 1.1

Resin content (wt %) 43.95 40.7 41.9

Gel-time (sec) 5 39 60

MIL Flow (%) 3.4 10.6 17.2

Table Xill- Formulation Example IX (Comparative)

Settings 2 14 i5 i6
Oil (°C) 236

Set Temp (°C) 175

Air Temp (°C) 166 167

Gap 55 55 53.5 53.5
Winding Speed (m/min) 1.1 1.3 1.4 1.5
Resin content (wt %) 39.5 43.2 42,5 43.2
Gel-time (sec) 4 32 43 46
MIL Flow (%) 1.4 18.2 18.2 215

The viscosity of the B-staged materials was plotted against time on a constant
rising temperature scale of 3.0°C/minute over a temperature of from 80°C to 200°C. The

resulting curves are shown as Figures 4 to 6 (with gel times of approximately 7, 33, and 49

seconds, respectively).

10

Figures 4 to 6 demonstrate that the Examples according to the invention have

a viscosity at least as good as that of a formulation containing PKHH (Formulation [X).



<10%$& ()-r <1098$& ()-r#3~ h[\]i M#3 m 109%& ()-. 1098& ()-. 1098&2(9-JAIl 2013
1098& ()-. <10%& ()-r#3" h[?)#3 m 1096& ()-.#3 m 109%& ()-. 1098& ()-.
10988 ()-. 109%& ()-.hH)#3 m 109%& ()-.#3 m 1098& ()-. 1098& ()-.

1098& ()-. MOBHOIEEE . cC)#3 m 109%8B& ()-. 10%B& ()-.#3 m 10YB&PCIAISI16984
1098& ()-. 1098& ()-.dD)#3 m 10%& ()-. 10%& ()-. 109& ()-.#3 m

C109%& ()-. 1098& ()-. _?)#3 m 10%& ()-. 1098& ()-. 1098& ()-. 10%& ()-.#3

m 10%& (Brepadlion ofd)dtd@nates

Eight sheets of each prepreg were laid-up in alternating layers with sheets of
copper foil, according to the following press cycle. The laid-up prepregs were cured

according to the following temperature profile, using the pressures shown in Tables Vil to

s X

Start Temp: 40°C
Plateau Temp: 200°C
Heat up ramp rate0 3 °C/min
Plateau Time: 90 min

10 Cooling to RT time 50 min
Vacuum duration 30 min
Pressure 120 KN/900 cm square

The standard copper foils NT-TW and the commercially available treated
15  copper foil NTTWS were obtained from Circuit foils, 35um thickness grade and the peel
strength was measured by IPC method TM-650 Number 2.4.8C.

Table XIV

Laminate 5 | Laminate 6 | Laminate 7 |{Laminate 8

Prepreg setting F5 G2 H1 15
(see Tables 10-13)

Laminate Properties

Tg i °c 183/185 182/187 181/184 180/182
(fresh prepreq)

[Water pick-up, weight 0.19 0.21 0.21 0.21
percent

Standard Copper 12.3 12.4 12.3 11.6

(NT-TW) peel Strength

N/cm

Treated Copper (NTTWS) 15.4 13.4 15.1 16.2

peel strength, N/cm
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109%6& ()-.#3 m 109%& ()-. 109%B& ()-. 109%B& ()-. 109B& ()-.V[ efw ?2)#3 n#
109%6& ()-. 109%B& ()-.#3 m 109%& ()-. 109%& ()-. 109%& ()-.{ ?2#310#

f:10%t& ()- WOUR8sSE) -. #3 m 10%B& ()-. 109%& ()-. 109B& ()-.cBEIABGHINGI84
10%&&' ()-P 10%&R& ()-P f$10%&R& () - fnlO%& ()- b ' 10%&& () - 10#10#dDG#310#
10%R& ()-P 109%R& ()-P 10%R& ()-P#3 w, 109&& ()-P- 10%&R& () - PcGGH310#

10%& () -P YE&1()-P 10%&& ()-P 10%&& ()-P#3 w, ( 10%&& ()-P . 2345d@#310#
#3 w, 10% - 0%&&' ()-P) 109%&& ()-P 10%&k& ()-P#3 w;, 5CI JKLPcCG#310# #
109&& () - P#3 A polyoxazolidone viscosity modifier composition was prepared using the
general preparation method 1 outlined above with the following ingredients: 68 weight
percent epoxy resin A, 32 weight percent isocyanate A, and 1500 ppm DBU. The resulting

5  modifier resin had an EEW of 780 and a meit viscosity of 34 Pa-s at 200°C.

An epoxy resin varnish composition according to the present invention using
the above viscosity modifier and a comparative epoxy resin varnish without the viscosity
modifier, were prepared using the procedure as outlined for Formulation Examples | to IV
except that the base thermosetting resin used was D.E.R. 592A80. D.E.R. 592A80 is a resin

10 based on epoxy-terminated polyoxazolidone resin and is commercially available from The
Dow Chemical Company. The ingredients and amounts of the varnishes are set out in
Table XV below. The varnishes were prepared by blending the various components at room
temperature using a mechanical stirrer. The stroke cure reactivity of each of the varnishes
are also shown in Table XV.

15 Prepregs from the above described varnishes were prepared and the gel time
of each were measured according to the procedure described above for Formulation
Examples | to IV except that the prepregs were pressed at 190°C in 90 minutes under a
pressure of 150 KN/900 square centimeter. The gel time of the prepregs are shown in
Table XV.

20 Laminates were prepared from the above prepregs according the procedure
described above for Formulation Examples | to 1V except that the following temperature
profile was used:

Start temperature: 40°C
Plateau temperature: 190°C
25 Heat up ramp duration 45 minutes
Plateau time 90 minutes
Cooling to RT time 50 minutes
) Vacuum duration 30 minutes
Pressure 150 KN/300 cm?

30 The Tg of the laminates was measured and is shown in Table XV.
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having a molecular weight of from about 200 to about 3000, and from about 0.5 to about
40 percent by weight, based on the resin composition, of a viscosity modifier which is a
thermoplastic resin having a molecular weight of at least about 5000 and a hydroxyl
content not exceeding about 0.2 hydroxyl equivalents per 100 g of the resin
composition, said viscosity modifier used as a viscosity modifying additive to control the
viscosity characteristics and flow characteristics of the heat-curable thermosetting resin
while maintaining an adequate Tg in a final cured resin resulting from curing the heat-
curable thermosetting resin; wherein the viscosity modifier is an oxazolidone ring-

containing compound having a Tg of at least 86°C which is the reaction product of:

a) a polyisocyanate having an isocyanate functionality of from about 1.9 to about
2.1;

b) a polyepoxide having an epoxide functionality of from about 1.9 to about 2.1; and
optionally,

C) a chain extender.

2. A thermosetting resin composition as claimed in claim 1, wherein the said
viscosity modifier composition comprises an oxazolidone ring-containing compound
having a molecular weight of at least about 5000, which is the reaction product of:

a) from about 20 to about 43 weight percent, based on the polyepoxide and
polyisocyanate reactants, of a polyisocyanate having an isocyanate functionality
of from about 1.9 to about 2.1;

b) from about 80 to about 57 weight percent, based on the polyepoxide and
polyisocyanate reactants, of a polyepoxide having an epoxide functionality of
from about 1.9 to about 2.1; and optionally,
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3. A thermosetting resin composition as claimed in claim 2, wherein the said

viscosity modifier is in an amount such as to provide from about 0.05 to about 0.25

equivalents of oxazolidone, per kilogram of the thermosetting resin composition.

4, A process for preparing a prepreg, which process comprises impregnating a
reinforcing web with an epoxy resin composition, a hardener for the epoxy resin and an
organic solvent, and heating the web to a temperature sufficient to partially react the
epoxy resin with the hardener, characterized in that the epoxy resin composition is a

resin composition as claimed in claim 1.

5. A process for preparing an electrical laminate which process comprises
laminating at least one layer of a prepreg prepared by a method as defined in claim 4
with electrically conductive material and heating the so prepared laminate to cure the

epoxy resin.

6. A resin composition as claimed in claim 1, wherein the polyisocyanate is 2,4'-
methylene-bis(phenyl-isocyanate) 4,4'-methylene-bis(phenylisocyanate), polymeric MDI
or toluene diisocyanate, or a mixture of two or more thereof.

7. A resin composition as claimed in claim 1, wherein the polyisocyanate compound
is employed in an amount of from about 15 to about 43 weight percent, based on the

polyepoxide and polyisocyanate reactants.

8. A resin composition as claimed in claim 7, wherein the polyisocyanate compound
is employed in an amount of from about 20 to about 40 weight percent, based on the
polyepoxide and polyisocyanate reactants.
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polyepoxide and polyisocyanate reactants.

10. A resin composition as claimed in claim 1, wherein the polyepoxide is a diglycidyl
ether of a dihydric phenol or a diglycidyl ester of a dicarboxylic acid.

11.  Aresin composition as claimed in claim 1, wherein the polyepoxide is a diglycidyl
ether of bisphenol-A, a diglycidyl ether of bisphenol-F, a brominated diglycidyl ether of
bisphenol-A, a brominated diglycidyl ether of bisphenol-F or a mixture of two or more
thereof.

12. A resin composition as claimed in claim 1, wherein the chain extender is a
dihydric phenol, a halogenated dihydric phenol, a dicarboxylicacid, a diamine, or an

alkanolamine.

13. A resin composition as claimed in claim 1, wherein the amount of-the
oxazolidone ring-containing compound viscosity modifier is from about 0.5 to about
percent in weight, based on the weight of the resin composition.

14, A resin composition as claimed in claim 1, wherein the oxazolidone ring-
containing compound viscosity modifier is an epoxy-terminated polyoxazolidone and the
amount of the epoxy-terminated polyoxazolidone is from about 0.5 to about 20 percent
by weight, based on the weight of the resin composition.

15. A resin composition as claimed in claim 1, wherein the heat-curable
thermosetting resin is an epoxy-terminated resin having a molecular weight of from
about 200 to about 3000.

16. A resin composition as claimed in claim 15, wherein the epoxy-terminated resin
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24. A method of preparing a thermosetting resin composition, which method
comprises combining a heat-curable thermosetting resin having a molecular weight of
from about 200 to about 3000, with from about 0.5 to about 40 percent by weight, based
on the resin composition, of a viscosity modifier wherein the viscosity modifier is a
thermoplastic resin having a molecular weight of at least about 5000 and a hydroxyl
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