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FLAME RETARDANT EPOXY PREPREGS, LAM NATES, AND PRI NTED

W Rl NG BOARDS OF ENHANCED THERMAL STABI LI TY BACKGROUND
wEpwEp42esi Nns whi ch have been partially react eBICT/US2004/029566

(advanced) with a reactive organophosphorus conpound

are known to have reduced fl ammbil i ti con‘pg:rfed to _the

bas eF LAMIT@ RE%*BD&N)’F EPQX%PMRRE gl

AN

bBRAN G &Y : Vi
to |nprove the propertles of Iam nates and prlnted
Wi ring boards produce esins. Wile such
formul ated fl ane ret a%ﬁ%é@%are satisfactory in
a Bporyp eresinb whmhediage lenepaltiely steactédr (adeanckdy rmwiklat @ dreactive
' I
organg@?o)éiﬂhcg/ §§‘ gcg}ﬁ e Qﬁ%ﬁlj ls?(? g%vr?g%g%éga ﬂ%mﬁﬁﬁﬁg%ﬁ(ﬁa}éa dt% the base
resin. ﬂ—@¢tﬁ§)rmdum1@@§y@qa et (Adithdias Seenised fy/a filemin certain advanced epoxy

resmsCt@ MFsRRNEE Bebpefisdstst I irAtedlaing ridtediitg oy qfr@du%e@ &dm such
been bl ended, especiallyif the inproved thernal
resinsgt api | ity coul d be achieved without si gni ficant |oss

of\Nlﬁﬂeeamh lt‘c&trﬂlled@ﬂg{m@ ratardadtheis ¢ gitisfactanin 4 manea € respects, a
need Jﬁ(gstg or &gw 118} ula{é\&eélﬂtok? Ee st \%ﬁa{@aqretb%elg ér&hll} retagﬂga with a reactive

epox NS Ca
organppltfisbherys l@ympems-t n@lncmfwmul@tcd d@ssnajhweegl@mer Kiemapel sifibility than

corre Qﬁ@iﬁg R ths GRIVALIBH AR tﬁﬁ§dr¥t% hiYEHeR Eﬁﬁd&i Qéﬂecfgﬁy ﬁ the improved

rnventi onl s Fc)oncer ned onl SI NS

thermghstabifiyespuith pe Aelieyedr withqus algmffs%ng?% at 5?% fetardancy and without

mgmfﬂfaﬂﬁlﬂ@ﬂébl@ﬁﬁ Regtug h@sﬁlﬁﬁ@mi@d is §seatedrte adfill vieis need
active

h h d cont _
RRGE BRE AR, GRERREAS of B A% B chcion Wil Ptk different
kinds df ad»rhpdunﬂh ospdinmgtae actdvedrydfogphateph (Tmasnayenﬂnoahﬂ(qdncemed only with

epOX}pI{%gﬁQ Wh:ij&l heftk B E/)ﬁﬂgﬁyp Rab&d vﬁ{hhﬁj .fe%tWe &gﬁﬁ%ﬂbé}ﬁmr&' do}npound

to an ox at om wh
Such tegctp\fmgaﬁ@p hesphetuy comgowd@gpqqmq PR aq;{ry,e @ydro gen atom that is (y 1) attached

directfll @I phvkpHoesinat @alkyr pib SE\%/% OHak) Gﬁ@ﬁ @ﬂl@@phoﬁzﬁte (dlhl'k}/l plfosphite, diaryl
f

sub X rou
phospilt%a%rrf% ﬁpﬁwpéansnﬁplaéw T MY S ——
phosphoehs\vyai gC,ha @h@smhtmc atidn gwﬂsyl}himsphhtct mrMmmmspkﬁue)Tbu giii) is in a

substlfngergt g%;,\r/a Yo gﬁ %roé@%{ﬁla{ dlgh%%ec%% % an%tc"c CI)]ilatﬁ %ﬁﬁg ijs a\Ml\EatEed thereby,

and “@mlm@nammng isboved toyphosphoras. |T>hus efamqnﬁgmampeeih@iqrm "epoxy resin

advanrc&? 'vJ?thVY)HoQ 1Ebr&?-is RR&d toVSerBEeQQQ&F&BI%Se%S&& Yesir® Qﬁﬁﬁw@on formed by
contai ns an act|ve hydrogen atom which active

partlaHy eﬁa@e@& ARERYITSS TR MRATOF BT ROFapPlisphrus gompound that contains
an actieASARSHeH Stodd, wiich dttire ay&sgm M6tis witdcbbd elmeaﬂtra@n&d phBsphorus

..an ar tic ri.ng.an h dr ogen. at.om i
or is S S P 1508 i Fladed S YT RERRISHRT b she fycrogen atom in the
substiBiemi isoackiyated bg theearnmaBpong. Smsllanky the et oy tdsins advanced with

phost AR RAENTD Pl 2 Sho sl Pr BE-AGRRAT VBT "

I NVENTI ON Pursuant to this invention boehnite (alunina
rmnohydr at e) BYIER STAMXRMOF THIN DRVERIION r esi n

PR o( T RoR RASHEBIS FLRBAaan BV VLG Ui e ypicl

epox# finnalvescetl @Vl’fl‘ﬁﬁ(fsphbfup rreqkes gispossite to$inprpvehemal stability and to

1ncrease tflé ];glm o' tiRe Of laminates formed from prepregs made using this fortified resin.

Such laminates have exceptionally high thermal stability and showed similar longer times to
ignition as compared to corresponding resins in which alumina trihydrate was used.

Among the embodiments of this invention is an epoxy-containing formulation (a.£.a. an
" A-stage formulation") from which an epoxy resin advanced with phosphorus can be formed, and
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Such | am nates have exceptionally high thernal
stability and showed simlar |longer tines to ignition
w@g00s08par ed to correspondi ng resins in whi ch BCT/IIB2984/029566
trihydrate was used. Anong the enbodi nents of this
i nventionis an epoxy- contai ning fornulation (a. ka. an
"A-stage formulation") from whichan epoxy resin
intcathigh demnulition heisbwith ovag dntesivceskbat fap epprgpriain giage belkd, @hring, and/or

aftdk %Mn@atlh&? o? Qﬁé"fﬁrﬁlﬁla%ﬁ vlfaﬁtfbﬁﬁé&: eﬂné‘&eﬁ&nﬁ&ﬁfrﬁﬁf isaeIneepoxy resin

sta bef ore, during or. after the remai nder
adveRE O BROsPherHS w&%Wh@ﬁ@a hmiiE, 3iap, gytro gﬁ%ﬁ&ﬁt ﬁ%ﬁPPfPEﬂ%Iﬁ stage before,
durﬁ@p)gnd/foe&rﬂer m@b/mdow dfhthphempindeusf ithd eesihif@fulation. A further

emet B ERapd G GRS, P ne PR S BR, B oehsftilis ntroduced into o

formelatibn ffem vaiicl areeppesreﬁmfadvmbdAW1tbphosAh¢rus tdndhe formed which addition

%Edr&%m‘in%,sanﬂ/o 9‘% Séfof ﬁﬂ:f 1SRG ds ?l[—r@& {tii) formulation
oehmte 1s Iintro uce ro

1) boe 1 Into a ornuatlo
EH{Danarmpisd {o 3 wdfphlesakaiisteda w&woaw&%ﬁwrasméwstrate and (iii)

heaf f?, ralﬁﬁ(i’ed that 16kt 8k datedidr R gﬁat&lﬁu?ﬁﬁate Mbdﬂﬂh (11%%@({uce aprepreg.
a

Stﬂ?gr}(a%qzr&pfm?ig{fqa% nﬁd%g{pé%v%(ﬁ}?fn? }n)r{H? grogbﬁ} %}n‘éla e“ai“frjdm a plurality of
prepieict abltlee $arhsof aleetst ar fatsnofafiboat edbﬂtraterrmamghat gdpregnated with a

forﬁﬂﬁ?gé or?nplrf‘ggcg é)g"a{n' éep(ﬁ}ga%:si. Sg ‘lf degntg Oph%%};.)ﬂ()??? T8 mprovement

nat orne
conpisgs o@caeq@iraoﬂ@gthe@aall statahfdt ¢felrarrém§© diyntrodpeingp thermal stability-

1ncfeﬂ£f1§ éﬁ%ﬁﬁlﬁtof boeHnhie &f&ﬂ@ﬁﬁﬂnﬁﬁueﬁ béfofeaﬂfﬂlﬁ}%t 8nd/b:2Rethe formation of
lurality o pregregs in the form of sheets or mats of

theF‘F‘BW@ﬁ%“@@EFS@F@P tglhat ed or inpregnated with a
for 'Hh&haﬂiolve andc@bpientedimdntast tkip xynti@swill ey H figettr whiafent from the
s. The ; nt conprises increasing the
ensﬁwgrq%gcfnpi gﬁpgfimfn@?gflgﬁnate by introducing a thernal
stabilityincreasing am)unt of boehmte into the

Formil BUREIBRAERAIED DESCRIBASONOL ST BNV ENTI Y

of the remai nder o orrru atlon The
ot hEhe taeberlpere i Prefucing epoxpvest péyanged wﬂbéh@ﬁphorus and their uses,

1ncfubl[rig|"cﬁé1r am%rf@ﬂﬁm &%ﬁ elaﬁﬂilfa‘tésréﬂd 3@%&%%&@ 19RinRd such as electrical
gy REOF 5P

larquﬁﬁgnde %q%@sn?%gﬁ 11;1 }e R ﬁ\lﬁgart os 5,036,135;
5 36«@1893166176%58% P24 617G3,080D, 8“’76136 €1225626 BLloafilmg7B1; 6,296,940

B1iRgks 0§§%1‘ ’ﬁi&rﬁonﬂw{s%a%@é B1: %'Qé@s%%st”&Ld WO 01/42359 Al as

t'es’ suc
puldlSﬁ@dJmtEr!gbsh asJuned 42001 - [the wﬁlrﬁ Aiselasurgs of allgd, éhef f@regomg documents

are %ﬁ%ﬁ@te&’h&‘el refd&ce. . 036 135 5, 364, 893;
5,3 453: 7 243 5,

5, séfvlﬂsevaslefzgcaf EeBEPhogy) %‘f CG@PBP“%“Q%’ Qapjoygd in forming epoxy
resBis 3&3n0&Dwith phdpH&lds. 22Onded afoyd,ABesd Qﬂg,aﬁbpho@pbﬁﬁﬁs ¥dpounds contain

o B3 e L O S g P, iy
phdsphemitd, dlldd phosphits daary phnsmmqomraheeﬂ phesphine; i) attached to an oxygen
atoﬁle&ﬁfcﬁqs Sttadhol d%ctgg @{&gpgénmg (£208 §@ SBJW& 48id, dialkylphosphate, or

ounds can oxXy resjn

laaapkmeme)wor Kilip o ioh siRptituent (et & Y HIEVIeZOwp) e‘yblch is attached to an
axoﬁ{aﬂ@ RARRAS I vkiYEes mémynam WRiIdh aiohaAia rRvglis Beurnand "pﬂ@ﬁihorus Non-

at omrﬂg%%@f\tta P%'%b%{ﬂ%ﬁ%% t,0 hossm%w(? Iﬂ?}ﬁ %:(fghé{lylphosphme
dltcﬂlyﬁjhyblsp}[ih@s PbibBeS-dinmethiylahgiyl phosyitinge, b1€(|2L5) d&th}d}ﬂl{mﬂl)phosphme

din p@nﬁ\% élgi%n d?%%@e%ﬁﬁo%@n él?e%gﬁ%ylgg&g eynahﬂth%lﬁh?nglphosphme

4- hyriroxyphenyldlphenylphosphme -hydroxyphenyldlmethy phosphme 2-hydroxy-1-
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di aryl phosphate); or (iii) is in a substituent (e.g.,
a hydroxyl group) which is attached to an aronmatic
WO 20vg/0amnd7 i s activated thereby, and whi ch ar onBCT/TSI0041029566
i's bound to phosphorus. Nonlimting exanples of such
or ganophosphorus conpounds i ncl ude di phenyl phosphi ne,
di tol yl phosphi ne, bis(3, 5-di met hyICJ)henrn)phos phi ne,

napbﬂ;y@le@yap}asnmn@heﬁynytﬁmbﬂélgﬁpmée, ipthythegplitios shpieaylphosphite,

dlbﬁyfﬂﬁb%rl?t@ iéhérﬂtﬂh%%ﬂu@edm&?@m{iﬂlﬁle wpheRAPIisPRate, diphenylphosphinic

‘B@rgy 1§ r?ﬁlg’nyl Bﬂgg%lﬁhﬁsghlmc acid, dimethylphosphine oxide,
dlhépﬂylfpﬂ{dzphﬁhe nydeit, medipydpyhadsiphings  2eddy diphsyyltolylphosphinic  acid,
metgo@ﬁ h%lﬁgosg#}%e%g Rl?%lgﬁ] ﬁr éﬂ%&@ﬁhl@ a&?dg %Fholxg?_lhen ]ﬁ)hf)sghlmc acid,
phedylpmb'ﬂgh%hluwhl aced, mprEbﬂpbpmb@@om phady | dihdy asphinic  acid,
hyd%%?ﬂﬂl@bﬂ?%ﬂb%ﬂhﬁu@&d@ didhf ﬁ%ﬁhzﬁ@ GIRBIEAA C, @HH Q]oxaphosphor1n—6-

I C.aci di‘rnet hyl phosphi ne o
OXléFF helpidyp ’Eﬂ‘lph‘i’sé’ HoyEpengpigy ﬁagiép henﬂé;raethylphosphonate

dlhﬁdgbﬂlieﬁi H@mﬁypbhesphaﬁath nﬁyhﬁdyﬁpﬁmyph@pm@m@osphonate

aingftymen FERELBHP AP Sk, PRURYSsaT hsRaLiethy}-phosphonate,

dihgwdy plieplyéhidrppyspine spitmrazt@l, c dchydroxpecheghyphpbphyhpltosphate,

dl(lgﬁk&f%ﬂ%¥ﬂ%1§ﬁgﬁ9@ﬁxg§{é§9“%gn &l%ﬁlwﬁéhgf)%{hg Iphosphate, 2-(6-0xido-6H-
dibgritee] yai@wﬁmp}mﬁb phi-holsPbeeRzsine dael.d, and 2 (6-oxido-6H-
metlﬁyl% J))EHpH&ﬂBMhﬁlJG Phqf&hﬁenedlol

hy d méﬁ@ ngr%illuquﬁ %F &@yﬁgﬁ!@ 3 Eféa)sr?gfléammates for printed wiring boards involve

sucﬂbbmdnmsyamhenyl di net hyl phosphonat e,

A) d| hyr oﬁ&%ﬁ%ﬁl@%{%ﬂg %rm(l:latlﬁg % E cflto%r impregnated into a substrate by rolling,
di (dippimgxsppasang lofheh Ewmpmgtphmsemd/or combinations thereof. The substrate

di QEXH kY z&h@&ydr TS Rylpf 84t8n the form of fibers, fleece, fabflc or textile

drox phenyl et hyl phosphat e, 2- 6- ox1 do- Gkulben
c. GpHerial b 63@%1%%%\%@@@091@@ bt 1patERBIRING) for H@nce, glass
2 (;@b&s(bﬂpap@Hrret hyl benz[ c, €]

r I n " n
) brolbaEmas e Shrtate B ey éy et i, suficient o draw
pr i off exsblweint iingthb ceposly fomtdhw sud hoptipealht tompertadly Are the epoxy
ﬁﬂp@@%ﬁ%thg nstioﬁt{hgﬂalﬂg br%glregh’e{t Elﬁﬁ{r elqgn’ gh} fgq:hg tdch and can be handled
s preagilpg Thot"Bestagimg)vatert Eoismltwwnadl divoat a:tgmpcnmre ofigrom 90°C to

F o1 HRGICcAHg 05 of ok | Friifico 1 damutes. Fagfodbtepated substrate that
f ablrekffltscffo% ;E’éééc?élﬁ%ﬁ%taﬁéd prefied. THeYRhSRhtude 1§ni6‘§tyc%%nﬁénly 100°C

non-woven t containing, for Instance,
fi b&)li‘SOlﬁpOﬂ&Baﬂd IB)°CTﬂo@00ﬁ@|faga’i@dne¢h1 Smhinhteat e | S

C) dr aép%g? H@B?bégggaqtf',p?%ﬁ%gt @%gﬁ@@d&)r jd.y ¥ %ﬁafllge;rl%iltmgtla}e?s with one or

opt moreasHegtstad apamtinetiveymatenia, suvh asmopperfforlmﬁ laateleptricas daminate is
tha(tl 1@% i npr egnat ed substrate is dry to the touch and
a

can ndl ed easily. The "B-staging"” step is usually
D) car Thekidup shactsare prepiedat high terhpéraivm g0 mressyrefopa Emgrsyiticient to

for e thdRsiBlanfi TR & 14FhiRktee The tdRpdFhiikd @fsthls-'l_ﬁﬁlnatlon step is usually
i npregnated substrate that results from B-st a%; ng

cal bastveen 9P &prang" 2307 e and riparest iafien; ketyeent 16 rﬁr@ﬁdyl%oc The
1001a§11{1£f0n0§é938ﬁ&ta?s% l?engan]fgipo& 1%w20% frofe §ta§e|s eqich! £ first stage

between 100°C and 150°C and a second stage at between 165°C and 190°C. The

3
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C) One or nore sheets of prepreg are stacked or laid

up in alternating |layers with one or nore sheets of a
waeoeodoei2rve material, such as copper foil, if BOT/US2004/029566

el ectrical lamnate is desired. D) The laid-up sheets

are pressed at high tenperature and pressure for a

time sufficient to cure the resin and forma | am nate.

The ptessipe i By bétweri $0Niomhand 500 Biey’. i Bheusmandtipn step is usually

bet weeRy 39%8& ARd of %@mcl mififle fo%Omihuﬁg taﬁp n%gx\f%&ﬂfor 45 minutes to

165C and 1 am nation_ step nma
car PP edn@et The lmélaaﬁm ¥ien maxenipaally @@mq‘solﬁ affhigher temperatures for
st agieorRetinRe NsutBQs & étﬂfﬂmﬂl&ﬂi 1emaRfoR pAREABS) ¥ tedBnadr times at lower
bet en ],f%?c and 190 C. Thepressure | a) usual 'y between
K‘fﬁw 5 (3160 2RIFLIOY enehey HreiHPREERSS®: step i s usual Iy
E) car Optidnallyt tHeareswtihg ireninhtef foo exdmiplie it @iper-20 laminateg may be post-

lag‘rjnt g&a{?& b}?lfl a?ﬁgff&r aﬁﬁng%tw%hetﬁnpg 6818% %&c{%&lﬁo . th%@lﬁre The temperature

t enpepat-ireetmendis lsshaiﬂyt batwbebmbﬁ)"(?samdlﬁﬁga fThe qnnttrtmatmsm usually is
r][at | o? En c,[esseds])52 ﬁr for longer tinmes at | ower
E:B%WS% % lf”éﬁ%ﬁn MY ow energy press processes).
F) E) Often enaldctrjcalireondsstive prgfed einduntas epplicdirto eheasupper-clad laminate.
copﬁ%n% B%Jeaﬁzee%%thewhﬁﬁe Mﬁ%{tgg%eefgnmﬂap&%éeﬁ%step A) above

for a errpera ure an
cantgke P]é%léerfﬁlieuﬁi‘gut&‘ ang(es elterthaformation of the mqnydeas et thedprmulation has

occllﬁ@i amdus 96 & l‘@t&%%hﬁu[t@ BRI A8 HPdrdYdidper8 i8R Rolvent before

m nut es

o B PP P I TRy ATl B BOThoeis ndipgdiediaagd dispersed

in thbeoleappéer the additiamofiateor thére oif tHe dbieer @pmipetdntd @tthé Fatnulation. At
leagtlzl'ﬁngg Spe[ﬂe% e%gﬁlitﬁ)h 89%18?5&1%11 O{hgyésﬁftérﬁgr}&ﬁl éjllg E%bﬁ &gﬁc@o high speed,

d urin
hlghcsheﬁatmlefmgofo fthhtethr: solid pardicles fret dmnersad reot] suspsndevaia the liquid phase.

Pre@&s&& 'ﬂﬁg midiRY %akeé 9rac@g&@éml sﬁnam@ﬁnpaeﬁhﬂh&seoe&@ﬁh&au@eﬁq% the liquid

to a er Se 1 n e SO bef or
phasg, ﬁi)ﬂ%wﬂf?@si m%&?&aé@ag amellép 1$pstsed ap Smf%éy -Bhseeiict anixture of the
solf#igrin ke hddﬁld IrDthasn dortestd@l, 38d withdub@esiethy @ tbeadfdu@l Hyh@eory, it is

pre PP R0 o Ao il i P OBio e Pl PR RE I 1 hgiohise ot some
approieridto sthgd are still kempesed|at @mt impart of iehnsiebjHovaved thisinvention does

notj}!e(?.h SREGHe b@él‘%ﬁlte%ﬂﬁﬁrre goe?ﬁufegﬁgh ﬁ?ﬁﬁ{l*ng Wh&tever chemical

es are_ di spersed suspen
or)@ﬁa Iphe resulipptsolifls §(1$ﬁ i ithﬁorrglkl@gormsa@gugme@cogp of this invention

roSHieEl @ﬁly&h&%ﬁé RS pRAFREE hnhifkte QRIHEANY [‘Hdﬁc&d"ﬁom the formulation

qui d WK sist in i
hagefiteqte R 7 BalFiabity dertusnp hE epeia R ——
sol Thsboahntitedtitiyaictypically didsd eahatiquit phaseamtinsidhadéd particulate

or ﬁ(ﬁvc‘deg f?)%gtsg ngaz llj[k?: BQ %‘(GOJFHQ ﬁis%ﬁ%p&gh?d St d?%)%?st%ﬁ? d%l‘é tl‘ﬁ{:lid formulation.
Howgvarhié thg qmpdntp%%sl@ahﬁogbthé rapr ogad; lath@gls tea@@hatpeconunmute larger
par‘ﬁEl' § hare A PARRAE FbobiBARd cdn'be R&dlas @He a*&@ﬁﬂ@ () 1c£@“ﬁﬁé%(1erage particle

nventlo doesnt require th eboe hm'te nmu
sizg @#3? Roghumigadditi yeds ﬂrh%@ﬁ%nae@if fhlitad; 3@ Ruicipps g gﬁnerally 50 percent by

welpheod 1ha lpalftﬁlelmhaﬂa ¥ar€ibletshe of eslghst 80inisohs. dBo&Mhifd havihg an average
at i 0

th t hi
G oty ofdt 1A Bt RERRR D My reerfoeiF R with an
avarhdgel paeticdd sizpmotie cage of Orhto B8 nficrons| Roé¢lomitdaitk an average particle size

in t%lﬁgdglgggfgf. 1 EJ‘?(F %r%r?st g‘ﬁforknﬁré’fefl}gcﬁ %ﬁ%ggﬁﬁz whf 186 FSEQE By Weight of the

particles have a particle size of 10 microns or less, 90 percent by weight of the particles have a

particle size of 3.3 microns or less, 50 percent by weight of the particles have a particle size of
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The boehmte additive is typically addedto the |iquid
phasein finely-divided particulate or powdery form so
W b@s/oi27canbe nore readily suspendedor di sperBEHUR2005629566
liquid formul ati on. However if the anmount of shear
fromthe m xer used is high enough to comm nute | arger
particles, larger particles of boehnte canbe usedas
1.3miieroas di kessy end 1§ pérceritiby weight al/ibe agéiclsa hayes partielp sizepf 0.6 microns
the boehnmte additive is in the range of 0.1 to 120
m crons, and eneral ly 50 percent by. wei ght o
par AMouats of Oéhﬁlafﬁtaﬁéwe gpesldn prodyping é‘é%{z’r%{aﬁf”&sr Qffhis invention
can%eeamd &pwh@gomamp&r @gmn@mmt &f thdrzal mblhﬂyempmgmem desired.

In R A B g G Lot Bl o B Bt g g prountcan
be @Radilyt det@Mimddin empgivBoedseby mnducﬁnwfewmlagmawdahqraibef experiments
usngé geslefaﬁ] dgﬂ?erft ﬁg&ege ?{Ve% Vﬁ]{ﬁ‘?e&g%lﬂ’% tHeQh 1 osmon temperatures of

er cent
theysuredicompesitan. eng%lbftth% prpowntyall dgll inithe eﬁge eﬁ 10e150§> Phg (ﬁxcluswe of

an)p&h%mrnﬁb\ﬁeif@) QMOr@HesﬁﬂaBlypﬂfetdnfduﬁﬁ ofl a;&@ekl)ghtﬂﬁﬁi% |Vﬁll&15ually be in the
en

m crons or
rangh @lpht £ SPoRertiaRs gt pipio LS of §pony” et [fiElusfle of any other
coﬂlptﬁ&ntsanﬂremﬂﬂe tﬂls byoustiight thetanphef pata 5C¢ples have a

par %rﬁ t%rrg% ég?h%fute aﬁﬁf@e‘ﬂ\@a@t%x rBﬂI%Z% rﬁ.égrxpﬁlx mi)fe{%{me Bfthis invention

boe used I'n producin
is efailahles cpmusneinlbh feomn Hbeparle edomerséingi ndt bpyrthe f0110Wlng typical
speettfRdRbR: upon the amount of thermal stability
rovenent desired. In general any thernal

Na§?§5@|lty i mprovi ng anpdft'Yof boehnmite can be used,

caegnd this anount can be k6adily determ ned in any given

P‘ggse by conducting a few, Q%elininary | abor at ory

Cx%peri ments using severa i fferent dosage | evels and
Si®decordi ng the thermal de@ddposition tenperatures of

Logshoq}%ﬂﬁgg%,cpnposition gy@ sally the anount will fall

f 5 to 100 _phr (exclusive of any other
Specdfip Shidared ETMonde desi r aBHY, the anount on a wei ght

Buh@ﬁé&sn (kmpual Iy be inophkeaooange of to 50 parts per
E€§ed parts (phr) of qu€¥ resin (exclusive of any
Pagiciteize ents). Preférabfy this anount is in the
Paftidig8izol f0mh o 50 phr. AO0prferred boehmite additive
(Mart oxal = BN-.2) r
Cess es1?i adII év%hgﬁ%ﬂ&uB 1?5% &for st& glﬂiesfona‘uon of prepregs

i nv I'S aval
forQoalpung kniinates, bspenaﬂyﬂmmﬁtgs qumrmgedt‘ylpme &pards and composite materials,

m‘%@&e&égﬁ' r%ﬁ‘fe'f@ﬂﬂﬁﬂati\éﬁl @utcHEﬁex(;er&@ dr8prefRalld gf:e?o@léa & can be formed

Loss on Ign tlon eCIfIC

in sBEDY, uspvgl asngsplkos Qrg§-p9nt91p§ygne@xy71@@m @lé’ﬁrﬁﬁ}oé]?@ms -containing
coftbdgdeol1mitivk th@eRithalttis alke pSisitte o Ysemmikfure 8f preformed epoxy resin

advanced with phosphorus, a non-phosphorus-containing epoxy resin, and a phosphorus-
containing compound co-reactive with the non-phosphorus-containing epoxy resin. The
literature such as that cited above and incorporated herein describes a great many different epoxy
resins advanced with phosphorus that can be used in the practice of this invention.

An example of one type of epoxy resins advanced with phosphorus that can be used in
the formulation, are the resins formed as in U.S. Pat. No. 5,376,453 referred to above and
incorporated herein. This type is formed from (i) an aromatic and/or heterocyclic polyepoxide
resin free of phosphorus, optionally in admixture with an aliphatic epoxy resin and (ii) an epoxy
group containing phosphorus compound such as an alkyl or aryl diglycidyl phosphonate or
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Any epoxy resin advanced wi th phosphorus suitable for

use in the formati on of prepregs for making | am nates,
wezpsosalty | am nates for printed wring boar dBCEHOS2004/029566

conposite materials, can be used in the formul ation.

Such epoxy resins are preferably preformed, but can be

formed in situ by use of a non-phosphorus- contalnlng

phosplmty. Tlestumingagend usgibsith tisigpe ohinasitn gp@:r@ desin advanced with

pho%?ﬁdrﬁ?ﬁtahgﬁ)rﬁafﬁ? g@%fn e dutink Stk SRLRAOGRE ﬂé&r&@b}“ﬁﬁléﬁzaﬁon ofa4:1
xture o re re .advance i}ir

mixss opiebieng 2 4ad1¥$8WﬁB?’FS eracﬂfsﬁ?ge ?&QMOHY%% baéwﬂrolysw yielding

ap@adctamﬂhaﬁ]smgkzw%@@ﬂgaml ng conpound co-reactive wth
[ us-con

| capaBarehaas ARl U SRR SRE Rnaliiyis phpsphorus tha
cantteresed inltedbinbesticn aye ¢l resimm yordict fag e biS. dabYo. 6B 16826 referred to
abo@g @&%Qm‘&&ﬁﬂ?aﬁp ITﬁfsl{?pet 8 ?er%ﬁ %g l?@ic’dﬁ%? lihdhr EP@XBI resm having two

nvent one
terremlglyméghgr@lpamﬁmsmqrhs-ﬁmﬁ%%ﬁ&gdﬂhﬁhenelsm na@htbgléach as 2-(6-
ox1ﬂ&6@&bé&’éé"ﬂ]§ﬂ‘2}&@ph ﬁoﬁﬁle yﬂ)eﬁﬂfb‘énidﬂédﬁﬁﬂ as in US.

her é. fHITheF ng fxam {qﬁ% p?)%ye regﬂlg g%lga%g{,cf @ﬁﬁ pFo sphorus that

candeciised i Elieefbﬁmylaﬂmmarp Oheympmx rf(ﬁimedeas iim UE$.Rait.G¥o. 6,291,627 referred to

abd¥ hO%S{@hi%E bra%%it hs?r ﬁl) | 5fh ntggg'ig }(Jrﬂ{eﬁ %oxtegctﬁ'{% ng'hgglﬁltohfs containing

FES
comprorghayiog alcmghmog@mﬁorasormcfsd riwcﬂdrto tephosphorus atom, e.g.,9,10-
d1h8&h%89’-8k9 1y$-pR m&ﬂﬁﬁtﬁreﬁéﬂb%ﬂ@%ﬁh a Uer UK LMActa@8poxy resin via
w th hIS of i i tu generated reS|n
an %i}ml@acwqb?t‘ﬁ%st %Qtu@rfﬁy roggn gfo tg B@S’;‘i%g
cur sAg aﬁ&ﬁéﬂn@uﬁhﬁﬁlgtel;ahp]grﬁ paypediTpdLyi resns m&tancmbxfmlaphosphorus
;. mxture.o 4-di | n
tha e S g IR ) AreE R BRLG tn s gy 653,080 ofered
to atiogt endincarporavettiodreini {Ihispped formhedelfrorh speciied anaurieef (i) an epoxy

resf]lo le Lﬂg&%ﬂ&ﬁ?ﬁ%ﬁ@@tﬁ Os?%lé Qst %étg%é g?} meBA%Y gﬁ@sf)h&ﬁc acid with a glycol or
polyiok i) anitergerceniamEns Gerinling psat %ﬂgflmgqarlﬁr@ne lﬁénctlomhty of at least

2, ﬁldz@xl @E@wfs@fcfﬁl’ rsﬁéhdisobcﬁhoétﬁd ankféerd%aMis@é ffl use fgihnthis system are
ber}@{lﬁsmﬁ%gl%glug% %(%et@ﬁ@;{gﬁ%ﬁ&@gﬁ@h % a[qp%gyglxr}/udazcﬁe

aphysphotias noadinsiing axamiplbpila kypepifiepatyoresinapditanodd with phosphorus

as._ 2-
thag%nga Eﬂé“ 'hg rg% éﬂaetio[n] ar%jhe resng1 forrﬁed as in g,] S] ];at No. 65403 220 referred
to stedeand incofparetaeé herson- Thlmtypenlg elszmépﬁr@n@f Clﬁa'ﬂ? SEQ?W resin and tri(o-

hycﬁegf;ﬁﬁeﬁg?ﬂéﬁﬁ)lﬂﬂé’ an %‘i’ch\’\" RoRIBsBhe roi" §n6r9 Jf the '@h@@l US66bs may be
e ation ar e resi
subitcis oph Be oy anb e ek P AGA oL SRR SiRggrreacted and
th th{btedTbﬂoﬂu&t)&ﬁﬁodh&eﬂ Qfitsetie Byrnmdaidn ogthe reactants themselves can be
u ont ai.ni ound_h V|ng an active

BP 8{?%?3 2%?83?@ n%)feég)t 1)7{% t he phosphor us

at om fartger, ncm-hmltnilg leyainple 9f akype oﬁemgqsmm@mnd withphosphorus that
calp 59 ﬁ%égleip i H}nﬁ'ﬂsﬁifonqg q]eéﬁng %E‘f&ﬂ%@% Iﬁ@% NESH,M30/28 referred to

I on rea e ween active drogen atom
ab@mndmoma@p@ber@mo Lﬂals tyaip forggd fmeya rmﬁl R TRR, @ novolak resin,

an@ %R ShoPhs GorhpRBAd QaceX Withahé @ﬁon@dﬁééﬂﬂc&%dﬁbtak resin, such as 9,10-

loeionts S con e tach L TR ke 6o,

t o @hidiushanditible epporasiesadianeddnwith phesphyme of shef cmpedents used to

forﬁrhﬁj?gﬁ&ﬁ | fv{/ 89 W@M&m%é%&lﬂed%ﬂ fPQxy resin, (ii) a

stér of methane
ph o@:hmommuﬁ]ﬂs wihich aze dgsirebly ngrodplgq:q/mo the ifprimulafion are one or more
ni trogen-contai ni ng cross-1inking agent having an
am ne functionality of at Iea%t
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2, and (iv) a Lewis acid, such as boric acid.

Preferred catalysts for use with this system are
whemzphdimet hyl am ne, tris(di met hyl am nonet hyl p@iTesm04/029566

or 2-phenylim dazole. Yet another non-limting exanple

of a type of epoxy resins advanced w th phosphorus

that can be used in the fornmulation are the resins
surfagtaniscwelsing AZNISOr dHspersants, Ol AUROTP SHrAtiNesANAOfe pLMasRFemoters for
ﬂle@ﬁlq_tlk,gtg))r porated herein. This type is forned froma

e A SR LSRR R i
optﬁiﬁ}m et sulasithd additilveb yuchrthatl deyh inglivadym] partidletib usat¢cheik resin. These
are {)ﬁjg aglgflé'l%?l atcbée% gn%%g@le‘i ﬁch%@?ﬁh@b iy a%dr‘ﬁ\%%faegdcﬁ%s The choice

Intr
of # partivilat typa ob Sulfaﬂéam,e\&@tla& Bgert oe ﬁ§§¢1\$§§ dependgapon the resin and the

desir@& E)fb‘f)@ﬁ?:g of Efe%ﬁlﬁﬁtef& fedtWipg bBakdor m a resin in
er non-| ting exanple of .a tyeggeof eﬁow
r esW% eé%%fﬁ%%s o thasyirs: 8 SRR EYRIGAYY e et pp a weight basis
addeB o g@rﬂghglﬁg@m 1s|f ia thdrenpesft g% th @ll"/BTgﬂﬂﬁSNelglhtléf Siogﬁ’edcuve additives,
) referred to above and incorporate
preﬁ%fbé?’mt ‘T’I’i"i“kgetoﬁé))fr’ go ﬂér nmed froma novol ak epoxy
r esNop-dinritiug leakmplesiof, suiiakle auptivsp tat wen berpedineelude m-phenylene
dlaﬁlﬁ?eCt (?81111?11&1 yl%ehl}}le s&l@&f&y cﬁ&rﬁ rfadgagle%mﬁ@chﬁh M @2hfino SHfellyl triazine,

- -p 0s enant ir ene-

dlcynndsan@ée,@mdtsuhf@{lhnwﬁ erﬁh‘é‘Sﬁ Hoyprbapiieden piefaged cugatipe. Amounts of
cuer‘i\nﬁht@&Ucteé it tIﬁ:Fi@ﬁMulﬁﬁf&i 1@& faﬁmﬁ@fqlevu biay e@@a@m Fadght (EEW) of

onent used
the gisish e P R Rt g o S v gt Y08 gt A equation
coriitibsly Bedfodesiculatihy a Bmtabmjaln@ﬂlt ofitwrativestofuse imLHs o ll@ws:
are one or nDresurfactants metting agents or
dlspersants. one or nDre curatlves and oneon nor e

surfactants, vvettl ng agggt;\soplresﬂl spersants are those
that achieve an optimum wet out of the additives such
that each individual particle is coated with resin.

Thepgnadterstiydtica@bé ympméd ﬁfb;bredlflcﬁﬁ)gﬂlﬁ dpphiletia iaciale, dor example, 2-

phwﬁm%n]ge b?’?fg’é ]61F Ad d Ilgrr%%e%? Aimi azrﬁ)g h galgé %t—g(g¥la4-methylimidazole

Gentirsliyea waight vitip émidis rango nf 4 trel Spests of anativdper et ofmdmoter can be used
Wlt@\ﬁchqgf%{ hc?f’atﬁ’)fbeﬁr{éel:il ?m nate or printed wiring boar d.

nmount’s of the surfactant(s) can va

LypDBaniiye solgemiriouthe e e g Ah Shguthor i feketone such as
aceft&fem{'{@&lé\%‘ ah$ ofther tstiRaHl@%@ﬁ oAt coﬁ%riu@nﬂ%a-@sfedtsbﬁzeﬂﬁfc@ Hbrming these

non- reatlve ad |ve ntherne
ToryPBS 295 DRGIBIP PHAPTLSS'ES B Sol Pabrtect b e lsghy! ketone
(MEKa,Lmaayll 1ktﬂ)u;;55 kdton@(MIBié) Prnibonyletireaol) i lamEthexy-dimmopanol, propylene
en 0 ny.| dj 0
elyplbnpPtp Rty p@fer, AL RARO RhERE BN PAABEC ofuene, NN-
dimdtled éorohianydmdi anide is a preferred curative. Anpunts
of Wﬁ@sﬁfaﬁenbﬁﬁa‘aﬂb@?ﬁoé Bﬁlst 8t %ﬁ}ﬂaﬁis' Qlthi 8 érgamc phosphates,

function of e epox ui val ent MBI

phosphites, Plrorehenss: @r@haq;nllpmfiatFwd@a%w%sa bt pirdros of substituents
reabBVE&ifh ow@iﬁs afaythb énobuded in the fdmudaioat Still otteAoEtiungl components

uedforclc uita rtv
e s tfthe et HRERE B Phod i wfplife, melamine
cyaneiaid tinhel amixteipyeophospdiateo malanting Podan@ISphate
The following Examples are illustrative and are not intended to limit the overall scope

of this invention to the specific modes and materials used therein. In these Examples the epoxy
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EEW of resin Pronoters that can be enployed in

produci ng the fornul ation include, for exanple, 2-
w@b@sphiznt dazol e, benzyl di net hyl am ne, PCT/US2004/029566

N- net hyl i m dazol e, and 2-et hyl -4-net hylim dazol e.

Generally a weight ratio in the rangeof 4 to partsof

curative per partof pronoter canbe used with a
resipr astvengeddwitta phesphetiua g waha preprisary epraxyfnovolaneesspkich had been
1ntér§§tb<§‘ vﬁ%vﬁ%%aéﬁv%rbrg M%s'&nﬁvo'ﬁﬁ@ 0""1@1159 WGt BSdeemed to be a

acet one. ver any er sultab
represRRtatiYs mﬁ%om@%fnkémwy ffwmfaémq%g Wli%éé@sphows
formul ati ons can be enpl oyed. Exanpl es of such ot her

sol vents incl ude net hyl et hyl e (MEK), nethyl
i sobutyl ketone (M BK), mgqet hanol ,
Prdparmstanayf -1y pnddahalamiparenlybrene F@byjcﬁésznmmameedwyith Phosphorus and

| ene gl ycol nonoethyl ether acet ate,
BO%’PE%(EQ%%ﬁyI\Idl met hyl f ormanmi de. 1f des

no nAﬁéh’élon@§8$)M%1%@la@l¢GI(Qﬁ%Y) ndd) %l?mf a-rwbﬂwaglazole (2-MI)in72g
of WN@%&WH%M@H@ SDMINOIS ik fafsel. m@wnﬁ&aﬁseéom@ihed with 320g of a

or am dat es and the net.al
sol P e ERET Fastiah Boeg aat RBSorys L0 et ByE aaghand 2.6¢ of LP
W20087 dideelisnt( B¥ K Chemiepin 0l diSposablebediet. Wpithm)nﬂiture are added 130g

(50 %?jo %g’gnfé&m%@lﬁ% %Rsﬁwétﬂg g}%(il—ﬁth 30 }; HP aﬁe{)onrer%g{ﬂqusultant mixture

is agytaﬁdrfax 80 rmgutam\h@()@}tpgpm]g plﬁ;kvgrson@% faboratory Mixer. The well-
LogrhasRbal £y hi&lﬂ%nfl(a Llfi’l‘(‘bl’ﬂlgh @(@rﬂ%&§ o2 { 13"4SdveRklaé€fiber cloth

nd are not nten a 5; mt the overall scope of
(deﬁlﬂp%te@ Ay doas BRBES Ip ‘ést%‘i?  Protepifisid dungin aaelrieaiilated oven for 3.5

mitlf&ht 1 heTE 'cBoleH Bnd RESBeEHATPk §8" IR h PRRY WaS §étBrmined to contain 50%
advanced with phosEhorus used was a proprietary epoxy
resiiguitee. Feyr af i loh xndld pirsen Were siacked eae an top ef the other and stapled

tog@ﬂaef z:| gﬁﬂ Of eheOIOY RN AP PREARAI S StalRTRAY sﬁitome& ofIR$ il dt8pled together.
deened to be a representative exanpl e pr esent - da

Th@‘b@bysta@swwlwd ah @éiaublp sheeppidphot dad! m@m}mss fi{m and covered with

2 A APAIeRL12Re QR Bl TRRStaCE R b Bl K 0P e s, The 8-ply
stagkowat Plapechen gowhle ghesy aﬁ uBertdeediapiretegsedfilan @%qye@d with a double
shedt OEth&¥Arhé AiklaThE StadldwM theh PladeDorthe metal sheet coverlng the 4-ply stack.

N- di | forjmam d I S ar, ution, "
A el sl Shed e et 170V it PERRGr Pl 8o e Gt ook was
theﬁﬁb’z@é&ﬁ)@6@\hﬁlﬁht9§‘@$m % res€&I20,00 "fh@l@ﬂﬂna@é&dvere removed

6g of P W20037 di spersant (BYK Chem e
from the preanind Bhalddars werecHt Wing 3 vet 8 Wark %ﬂe@hmg 0§V yas obtained

witBbolh mfmﬂm%h {Tlr“]stb% {, Bhlval tncH\lﬂhE hmtﬁamw _Klalaébhize b?lﬂgd}%ﬁﬂ@lg gmes after the
n e resultan reqs ate or
frs i and (it BRI e s Ut R e Poller L abor at or
M xer. The wel |l di spersed m xture is applied with a

pai nt brush to pieces of " E/v?ven gl ass fiber cloth
(designated as 7628 by BGF n ries). Each piece is

hung i nfa wel | 8pltil at ed] over-plyreRed) m nut es at 47dy
,_cool efistigdition | [Pmd denatipon] 0'st Ignitign  [2fd kenitioh eld ef Igwigon | 2nd Ignition
1 determi e to cofft&in 50%%®sin miidre, Fddrd4of t hg3.87
2 10" x 1 i eces|Wh e sta%Hd one 33t ap of!4/Be ot hep 83
3 and stafl-¥d t age hElk  Ej g STof t hel679 ™ pi Adds werd3-18
4 st acked ]m_?n% on t 0%t t hel9%®lher 3 nl ed%2daet herll31
5 9 23.277 1.29 .84 4.85% 4.61
total time 10.32 29.3 10.32 21.09 29.16 16.80
rating, V-1 (rorun) V0 14D V-0 (45.96)
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The 4-ply stack was placed on a doubl e sheet of DuPont

Tedlar(r) release filmand covered with a doubl e sheet
w@boosioe2sanme film The stack was then placed bRCTMESI004/029566

two netal plates. The 8-ply stack was placed on a

doubl e sheet of DuPont Tedl ar release filmand covered

wWith a double sheet of the sane film The stack was

then placed on the metal EXKAMPEBZring the 4-ply
Pre?:%%z%n oﬁc{nmzm 1% B Ep%eﬁészmaws Wi ?%Qs 1,91.5 ONEBochNBe (30 phr).

stacks. The enti.re.

honi B8 IO 7f ERTBEISoh 0 Epiraied it & E?ff@“@oraﬁha% the formulation
contaie¢ SEOg dhesdlaiomelt saspory essireadvasatdfwidnphdsph@ug e dICY, 0.52g

r e 2
of Iheld "Bt LINE P Gt bor LEOT ORI itpsR At 7 HeSehut¥ i1 of acetone
A Uh®4\reatingvas,chitained fgr both laminatgs. afhestata fromdhese tasts arpaummarized
in beﬁlétZ @quib%%: QHéjmhIQEFlJaﬂ QflBes @VWe'%%dﬁ@ﬁoﬁﬁﬁ@s ff QEbnds after the
ae te 'TABLE 1 8-ply 8-ply (repeat) 4-ply 1st
ﬁrﬁtﬁﬁ ﬁ‘?cé?ﬁ Zgﬁ’éJ“‘Pr&nl tion 1st lgnition 2nd lgnition 1st
Ignition 2nd Ignition 1 2.97 0.77 4.74 7.59 8.64 3.87

2 2.13 0.90 0.91 1.53 4. 781?3%23@2 0.97 2.77 2.57 6.79

4.67 3.18 4 1.29 1.59 0.8171. .22 1.31 5 2.96 23.27

.29 3. 84 4. §bstdgniiont(secpnl |20d hgeitid(s8D (28 Ighitldh, (82) 2|2ndRnition (sec)
P9. 16 _16.80 faeBng V-1 (riéprdn) V-O (33441) V-O 5.49

245. 96) EXAMPLEZS Pr epar at i|@83 of Lam nd8®8 from an_|[EQdxy

esin Advanca8ohi th PhosghdPus andBogA®Bte (30 phrd)8]

Fhe procedurd?4 anrmlp 4 as repeat Ad4with the [0.97

=S)(Pp:rgri on that2{he formull&0P on contai Aé& 32(Mof 1.91

"‘t 482 1143 ki nhncnhnrlng
HalL 4 S Vel B3 944”%9‘% L P
20037 di spersant, 78g of boehmte and 14g of acetone
A UL-94 V-Orating was obtpiknagpf frs both | am nates The
data fromthese tests are summrlzed in Table 2

Pregaepgien of krenivaiesdtare et EReay Bessr 4ivgrasd uitk Phesphords fﬂa{ f?%ﬁmlte (10 ph).
ti mgge gfbcE@@l@ ReExahpler wieghingicardavideboattepdon thadihe formulation

CORGIRER AR DL R SOl B bAoA PRy g of DICY, 052
of 3-MQ 79.43. of PNMFQ2.68 0®5PW 00037 disieasatt, 80g 4f bG&hmiglangl 19g of acetone.
ABLIR \4-'0]thiﬁ1g s SrtdfeProf tl?e74-1§1y Panifiatt@nda 911 rating for the 8-ply laminate.

Table 3 summarizes the results of these UL-94 tests.

TABLE 3
8-ply 4-ply
Ist Ignition (sec) [2nd Ignition (sec) |1st Ignition (sec) [2nd Ignition (sec)
1 2.25 8.07 2.82 0.88
2 4.29 6.93 2.60 0.89
3 2.65 9.47 2.03 0.89
4 2.67 8.13 4.03 3.32
5 5.73 11.15 3.08 7.60
total time 17.59 43.75 14.56 13.58
rating V-1 (61.34 sec) V-0 (28.14 sec)
COMPARATIVE EXAMPLE A

Preparation of Laminates from an Epoxy Resin Advanced with Phosphorus
The procedure of Example 1 was repeated with the exception that the formulation
contained only 350g of a solution of an epoxy resin advanced with phosphorus, 8.75g of DICY,
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total tinme 8.25 23.58 24.85 15.09 rating V-O (31.83
sec) V-0 (39.94 sec) EXAMPLE 3 Preparation of
wahavsoaes o an Epoxy Resin Advanced w th Phospiibus®04/029566
and Boehmite (10 phr). The procedure of Exanple 1 was
again repeated wth the exception that the formul ation
contained 320y of a solution of an ep oxig resin
L}

0.548 WA andl 78. 806 DPHOT 43]L-84 Vel rabingwas 0bwingd §or twthvhe 8-ply and the
-1% aﬁxﬂn&g Mults%f@ﬂes@hﬂ?ﬂeg@g?é?sﬁhﬁﬁ?zrea%'ﬂtfablg6:9 of
mte and 199 of acetone. A UL-94 V-Orating was
obtai ned for the 4-ply lamnate and a V-1 rating for

the 8-ply lam nate. Table FTABIWHri zes the results of
these UL-94 tests, TABLE .3 8-nlyv 4-nlv st lanition

[ (sec) 2nd | St 1gr gp,n Q\sgcgc)anlclgm 19m(sq: i) ét,1§@1j?n @@p,)' [2nd Ignition (sec)
L | gnitionfsher 1 2 25 g9 2 g2 o 8al2004 og g g3 lblgg

2 nvon 2.2 L0 A7 2 N2 0O % 1 A2 (&7 _Q ’61219 i atLs Ns HEEs Ko ) E99J

ERA O PR T AN SO 4 NI 5.7 S 01

F o 1o TIT IO o : ?29“ M7 O3 gao- 719 17 9999
—13—58rating 6134 58T) \& 28" f|4f123bE‘L,) 375

ol tvhe AT VEBAAYPLE A Prepgfet 1 O Of [Daupat es {1 ggregm
TatEoXy  REST T VATA )W [T PhoSphoT US| VINE [[UA08ep Ul € Of

EXanple 1 Was rTepeated Wwth the exception that the

formul ati on contained only 350g of a solution of an
epoxy resin advanc €OMPARATDEP EXAMPIFE B5g of

%l) z’ié?'t ?ﬂ(lﬂ%\ﬁf gm Ly la%gggtz.sgﬁé fﬁﬁﬁgy': éeﬁfl g&\gg’lgecg Wth Phosphorus and
AlumippJ ik %@(@P’ﬂésul ts of t hese UL-94 tests are

f;g?ﬁ“la ﬁl gééég%e-r@é%k& ié chérréﬂ—ﬁltﬂ ak8futibg @bﬁﬂaﬁf‘né S8 ofZd$dlution of an

cpaloesyt guhaoncl Ty PO 3(158% dﬁ@vaa?d%@ %ﬂ TGS 9752 of 2-
me@hﬂﬂm&aﬁfﬁe @229 add 29g ¥ MINQDSthS I fordeinide J1IDMEZR 2o 2ke solution is
adé gt ? 6 gﬂ?\% éﬁ)%? %jspel San 2(B%FK %hemlé)atlé(?gg o%/ alum(ma trl%gldrate (TS-601;

Martlnswerk GmbH.) and 50g of acetone. The mixture is agitated for 30 minutes at 5500-6000
rpm with a Silverson LART Laboratory Mixer. The well dispersed mixture is applied with a paint

brush to 12 pieces of 12" x 12" BGF Industries 7628 woven glass fiber cloth. Each piece is hung
in a well-ventilated oven for 3.5 minutes at 170°C, cooled and trimmed to 10" x 10". Each piece
was determined to contain 50% resin mixture. Four of the 10" x 10" pieces were stacked one on
top of the other and stapled together. Eight of the 10" x 10" pieces were stacked one on top of
the other and stapled together. The 4-ply stack was placed on a double sheet of DuPont Tedlar
release film and covered with a double sheet of the same film. The stack was then placed
between two metal plates. The 8-ply stack was placed on a double sheet of DuPont Tedlar
release film and covered with a double sheet of the same film. The stack was then placed on the
metal sheet covering the 4-ply stack. A third metal sheet was then used to cover the top of the
8-ply stacks. The entire "book" was then heated for 60 minutes at 170°C in a Carver press at
21,000psi. The laminates were removed from the press and UL-94 bars were cut using a wet
saw. A UL-94 rating of V-0 was obtained with both laminates. Table 5 summarizes the results
of these UL-94 tests.
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COVPARATI VEEXAMPLE B Preparation of 4-ply and8-ply
| am nates froman Epoxy Resin Advanced wi th Phosphorus

wa@ae@sshoznt na Tri hydrate (50phr).

is charged with a solution containing 320gof a
solution of an epoxy resin advanced w th phosphorus,

8g of dicyandi am de ("Dl CY"),

nmet hyl i m da
NN

zole ("2-M™")

arkABRE Sf

Tao -t h

0.52g of 2-

n_ic

A L di sposabl rCbEsioe4/029566

Adirmt hvl farnmis A~ (1 LW cnl it
BAANRAD A ¥ “'ﬁn';:;“q:;ﬁ;»’f RATSAGLIA ARSI ) TP
arie 2 VY Plst fohiftofr 7V T _Tond i'tiB o VS Yemdtion, o7\ [2m ition

[ or—arumna—g 45Ty aLT\ 970 méml‘jﬂ—%‘lﬁ'f—)'ﬁﬁu

5 50g—of —acet i3 e T Xtiyme Tagl tategy For—36—npygtes

[ at 5500- 600 7PMm W tiT a [§ Fecaboratorys 3o

7} : | O3FT Xture 1 S[@ tHze2

5 pai nt _brush (I.ID TZpi eces [0.032™ X 12~ By 1Tnaustrigs.649
totabuide WOVeEN (.@SS T1 ber (gb@8th. Each pjxe 1s hung {19167
ratiieg | - vent 1 | BW-@d1®ieswrc) orff 3. m nut es N-0I(25017, see)00l|ed

and trinmmed to 10" x 10". Each piece was determned to
contain 50%resin mxture. Four of the " x " pieces
were stacked one on top oEXAMPbErer and stapl ed

to 9 @d‘h%aratﬁ*e eidtherdtd @edQarned it 1Pds&BEn WR BerifaPGK R Hties of several
and st aEI ed tog et her. The

of T he ot her
ditfergptyam irdse. Jadh 25 SURSEITSHIS LORPRTS SFrode \gpinpigpprapared from () the
adéf' eicte-diree Ibei;eexaslﬁ off Uol’ﬁpafwlvé Exenplk AVdihte sdoshligitisbeet bede resin with

wh1 r]}eh Sd% 0 engﬂedl_%r(s1 glgStg‘a %f(hya/a @1 & %(?l a&ﬁt(vﬁgfg%w additive-free
bagshussin W)lth phiRbritad et }end@I Hhple df ibophmaitel (Mdenerad BNARY. hTke results of
thégg Maﬁﬁﬁﬁfﬂyﬁe’t&ﬂﬁmﬁ@@aﬁ LhilfinafiR&l RlBhk gas then

pl aced on thé nmetal sheet covering the 4-ply stack. A
th| rd netal sheet was then used to cover the top of

the 8-ply stacks. The enti mABbReEK" was then heated
for 60 mnutes at 170 C in a Carver press at

Lyuingl§opsi . The | ani nat es wgd empegiwed Q) Reqniredfon See Weight Loss
Basa Rebln-(Coniparativedxemplet Ausi|di2 a wet saw. A UL- 94
BasatResm miis YVS68as obt al ned wﬁé&ﬁbot h Tam nates. Table 5

' | t ft UL- 94 test 1OTABLE 5
(BRSPS 5 of fithe UL o1 tests, LOTABLE S
BysgRepinglus Baehmites "1 9 g0 43%9"2 0 76 1 17 1 09 4 82 2
Tt @IV Be Qe@iHat Yrﬁccﬁltfa@t % 4AidBionOofBduhitadriby@dteSwhicK Fedhic88 the thermal

sta%ﬂﬂtx7 fg tﬁeg cQIp t?&@o g uf%%ggsélj?n &Aﬁ}ﬁgvgnuor{ 8{’ 'bochmite resulted in a

significant increase in thermal stability.

Compounds referred to by chemical name or formula anywhere in this document, whether
referred to in the singular or plural, are identified as they exist prior to coming into contact with
another substance referred to by chemical name or chemical type (e.g., another component, a
solvent). It matters not what chemical changes, if any, take place in the resulting mixture or
solution, as such changes are the natural result of bringing the specified substances together
under the conditions called for pursuant to this disclosure.

Also, even though the claims may refer to substances in the present tense (e.g.,
"comprises", "is"), the reference is to the substance as it exists at the time just before it is first
contacted, blended or mixed with one or more other substances in accordance with the present
disclosure.

Except as may be expressly otherwise indicated, the article "a" or "an" if and as used
herein is not intended to limit, and should not be construed as limiting, the description or a claim
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Conparative experinents were carried out to ascertain

the thermal stabilities of several different
wo a0508225. | n these experinents conpari sons aP@NYS2004/029566

| am nates prepared from (i) the additive-free base

resin of Conparative Exanple A, (ii) the sane

addi tive-free base resin wth which had been bl ended
to seinglerclentenatanichthernrtinjeiclre Raflgrothe prtickid” ¢4 'lan) if pdas used herein
is ﬁ@éﬁae@aﬁweysné mﬁoﬂ@@ﬁ&l fl%bﬁ’ts Vﬁrﬂ&slma ﬁ& é)&@ﬂesg? $fHicates otherwise.

en fg 50 phr gz boehm te (Martoxa
r esuﬁ o@ymentsIgterieq de Rerinsre Bicpinojaterbhapin by aeicrmse ay foro as if fully
saﬁbﬂnamﬂﬁgabdmméﬁable 6. TABLE 6 Lam nate Tenperature (

ulre for SO/V%egt ase Resi n tive
Exartkgitis 3t aREolel B conig e EeaeautieHisgidand Seope of the
amﬁmdmﬁbhnﬁg Base Resin plus Boehmite 391 It will be
seen that in contrast to addition of alum na
trihydrate which reduced the thermal stability of the
conposition, the use pursuant to this invention of
boehmte resulted in a significant increase in thernma
stability. Conpounds referred to by chem cal naneor
fornmul a anywherein this docunent, whether referred to
in the singular or plural, are identified as they
exist prior to comng into contact w th anot her
substance referred to by chem cal nane or chenica
type (e.g., another conponent, a solvent). It matters
not what chem cal changes, if any, take place in the
resulting m xture or solution, as such changes are the
natural result of bringing the specified substances
toget her under the conditions called for pursuant to
this disclosure. Also, even though the clains may
refer to substances in the present tense (e.g.,
"“conprises", "is"), the reference is to the substance
as it exists at the time just before it is first
contacted, blended or m xed with one or nore other
substances in accordance with the present disclosure.
Except as may be expressly otherw se indicated, the
article "a" or "an" if and as used herein is not
intended to Iimt, and should not be construed as
l[imting, the description or a claim1llto a single
element to which the article refers. Rather, the
article "a"or "an"if andas used herein is intended to
cover one or nore such elenments, unless the text
expressly indicates otherwise. Al docunents referred
to herein are incorporated herein by reference in toto
as if fully set forth in this docunent. This invention
IS susceptible to considerable variation within the
spirit and scope of the
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appended clainms. 12THAT VHHCH IS CLAIMED IS: . A

substanti ally hal ogen-free epoxy resin advanced with
w@b@sprus fornul ati on suitable for coati ng OPCT/US2004/029566

i mpregnating a substrate, wherein a thermal stability

i ncreasi ng anount of finely-divided boehmte has been

addedto said fornmulation and the solids have been

THAL YOHECH ISCEAIMEID ISl ation. 2. A fornulation as in

Claiml wherein said amount is in the range of 10 to

hr excl usi ve of othe onents, in the
For il at AGHESERtRUP be REleE S N &P P spprus formulation
suitablie foaemating or Bnprlagﬁahﬁg aanogtrated, wWhlreiroa Bﬁrmdﬂrstaéxlﬁiy irsdressing amount
of fﬂlel Eh@? ed BOGHSY ?&‘?{% ?eé dhg' 0 sgld%f_glét%ﬁ ané the sohds é1ave been dispersed
| on sui or m ng a
lnSé Ugulﬁtl@h conpri si ng | nor gani c or or ganl c

rei nf or cANgrAQSHYn dsin Odnf Pﬁvﬁé@fn saldoBhGnt {dli8 8&ange of 10 to 50 phr
C1‘1"labr|c or textile te i al i.npregnated and/or coated

sty of ofst femReRewE 18dhs IPraHlptigr dains 1-3. 5. A
c ormOSI t AdBroadatich a@llﬂ 01@1141 N\Whéreinrsaﬁlaan@blmeisriﬁ @HieCrage of 30 to 50 phr
enthelefn 151) %prlc or textile materi al .
exe R of it SppP oot Ponhor ei n sai d

conposi t Amuna)qsmonl’ﬁalt&ldc rfolf famingy e prepreg ovaidvoemepodifidie comprising
ino@%w%r@%élﬁ@fél Porddh o%g% Cf hpﬁlé sforn? of ﬁbBrs eﬁée%g I%Qﬂ{'%g textile material

ma C ositlon

impregied 6@64% §93ted Wﬁh@ffomnéafmlsas 19 an:Ao Q@Hf‘% -3t or ned

f rom a CATHéﬁﬁjoL*lh@ﬂ a9 Clagh mxﬁherelnéalﬁqwﬂ&bﬁlg ap®it@¢ intthe form of a
corrp05| tion of Caimb5. 11.

fabrﬁ? P?}Tteéﬁfe %8l board formed froma conposi t| on of
C ab.m 6. Abﬂmpésﬂiamiisniat@aim whekefir said @ngositios it in e fofm of a woven

or 19n&k&en Q;é{h %f‘ Sgd%ffrg{aggﬁbévg\.%a prepreg havi ng

I Nncr ease tab i ch met hod conpri ses:
A) &ppl y‘f\melftf@g &ﬁmﬁ@fromm@@gmmtmg)f&lmnn@r gani cor

OVQ@H'CA% @%fdrﬂ@dﬂgﬁiﬁéd’inﬁﬁﬁufn%f@&nﬂbers fleece,
X dvanced

(t))i r te terial with r} qi
PRSP B PRSI LIGIRM@es a sol vent |
‘ ap dlCt of V\Aioohlpbase aterialgdes ﬁ)@rﬁ@kﬁmp@klﬂtlﬁﬁl of atuiha.
af t 0 tion, at
Stab téﬂﬂﬁ%e%e%@uﬁ%gf%g i B A hono bR PRI
f ortail at Adamtnh@ fephé¢diisoth anvceniposition Dﬁﬁ@méld and/ or
suspgende &%l‘ﬁgﬂg a%me%hﬁ %ﬁ@ré&%e 1?1%1 W(]jnch method

sheet - | i strate I ng su strate
COMIKispY: at a tenperature sufficient to draw off sol vent

A) frogppliige foQ[nHlHr ahp&gnamg a8 ﬁﬁdrgaﬁﬂé Jnsbrgﬁnm[ﬁfb@idgség@ﬁm& the form of
th Cribers )ﬁéece %a%'fllca&l S ma%erlaf With an Bdv a%ced epoxy-containing formulation

which includes a solvent, and to which has been added before, during and/or after
formation of the formulation, a thermal stability-increasing amount of boehmite and in
which formulation the solids have been dispersed and/or suspended, to thereby form a
coated or impregnated sheet-like substrate; and

B) heating substrate formed in A) at a temperature sufficient to draw off solvent from the
formulation and optionally to partially cure the epoxy formulation, so that a prepreg that
can be handled easily is formed from such impregnated substrate.
14. A method of forming alaminate having increased thermal stability, which method

comprises:

A) applying to and/or impregnating an inorganic or organic reinforcing agent in the form of
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substrate. 14. A nethodof form nga | am nate havi ng
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dr a%rﬁ{lflatﬁ% axlarbﬁmaﬁﬂg th ?Lrtfaﬂ UL BP0 A B Rl SN 3 dat a sheet-like

artia

s h e@repmg@afp?aémeélgn@lﬁ@@asela s foempd framewich igpilegnited substrate
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