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15 March 2007 FLAME RETARDANT EPOXY PREPREGS,

LAM NATES, AND PRI NTED W RI NG BOARDS OF ENHANCED

THERMAL STABI LI TY BACKGROUND 5 Epoxy resins '

have been partially reacted (advanced) with a \rl\/ggﬁ]?mh 2007
or ganophosphorus conmpound are known to have reduced
flammabilit co ared to the base resin. Heretofore

o LR o R Tt

properties of Iam nat es and pr| nted wiring boards
produced from such regisR§e | e such fornul at ed

flame retardant, resins are sa act%]yé‘{n a nurrber of
r ed{POEY STeSIS  WRisl Bavespeent @Fﬂﬁlévv vapcedpoxiph a reactive
orga[rﬁﬁhdmﬁhmhs cdinjavié aBdanvpan ﬁlﬁ‘&l leytudeé dlamedbility Eor@pared to the base

reszﬁ %&to% e ﬂﬁm%@ﬂ? E é!gﬁb%F}Pas a%l}]e? th fe DA BERE epoxy

esi ns ave greater
resx%%@rl@@wﬁdh%@mp@rgpﬁ ef Wmmﬁtwé wrigied rYM%g Pfrairmp%}tced frgg such
resdixeen bl ended, especially if the inproved thernmal

aﬂﬂe‘ §13¥}r1 got%glpg.teg?laﬁx%r}%}ﬁ?ég% Iﬁs@é%hsci{a&&#r fu!x g ﬁ'&%xbér%? ?espects a
need ?F@Fté g aeiogmlated QR TeSRICHEFIORVF Becaqurislly fRackd prita reactve
orgdndplospeats cAapdudkmaish forimdlied aesins lewe gyeated sharmar aabiliey than

corrg%gh&ﬂng %SEX wi W&M tpih%/clﬁ'éﬂg H;Jﬁs%ggﬂ l;l Eﬁeg %E echﬁllﬂ Q?heqﬁnproved

con al nj ng, an_ac
ﬂwrmm/ aabiliropld Qeowé@w%uﬂtbwt ylmﬁqqm l@ﬁcﬁfﬁﬂﬂ@srﬁ AR %qﬁl without
signifivant ineresse pnEdst. alAiy invedivhasldeshiel tafulftibihisineed.

or gﬁxasqg 1?%&“31 %g{%qgﬁxg% an t ? %dffﬁa% lréé@tlon wﬁh \Cfra.nous different

Kin anop OSp orus 'c al ns an active
délo pARpRnds confaininganagh yrdydoageriftpac T hiy Ht@%%ﬁmefrra%d qnﬂy with
epoy hiak kplchphospiaa l]baitﬁlly ghadted bvithhu0s pifioe atganoptibedhisitls compound.

Suc%)l%g tm' %n%ﬁxg?]%%l rus chlﬁ cgﬁl?mgn ™ V\%h@%ﬁﬁ’dfrﬁ@? @B}Ehtﬂhg is (i) attached

an o en
dirogly dthgphp@s iy disfirso phsbhanaty, diay] phesaisvmie: Gislked phosphite, diaryl
phosphatk, kot c@bﬂ%ﬂi&@élﬁw Qi) Aiadied! tp Bﬁ%ﬂ?@h%}om @hichiié btaché&d difectly to
profpp Rl Sl Sets BB b e Ser iy s
subsgifigniiaigo hﬁ#r@mégmp}wlﬂgh is gtta@b@ﬂwtq ap ﬁowhfwmﬁ@p@ i acmﬁml thereby,
and Wch@@d‘rﬂe&i&kﬁ@@ﬁbouhﬂ%ﬁ ongp qKis, F Shriverienc{iha Retepoxy resin
advancec[] in) Coﬁ_gsg E)%Jug" is qse&?o gf:[c))% a glﬂgtfle acfx;;r tras&}x? Ic:?m (ﬁé formed by

resi ornmne
partiaflp xe,acmmnremm 1esin vcmar@amtheo @mh@rg}p h@mpggmd that contains

an a@iﬂ'tm@ el zﬁ&h wRigk ﬁétﬂf% hy&tﬁ %@ﬂ‘eﬁdﬂa & dﬁtﬂﬁfe@ eftikkr dir&ﬂlly t¥PhdEPhorus
acC \/ dro acnead,.el er r

or if i & Sisien St 35 BHbdiRa B aF REAE i o e Exrodnt o i the

substitneahisaciveied ey the srgmatieiring eSimjlanp demtenn dapoknresing advanced with

phostHBRE! fefdio théte ﬂﬁh'oﬁ@glﬁ:ﬂ epokytrBfin advan&kivéth C{ihﬁﬂ')horus

imlarly, the term "epoxy resins advanced with
phosphorus” refers to nore than one such epoxy resin
advanced wi t BRIEFSSIIMMARYEMF EHISUNVENTION THI S

mN}]igirgiﬁ% Big ﬁva{ﬁtontbgamvﬁmké ahﬁi&ﬁanﬁalbfga}l 91‘3%')1 WinkR ;ﬁéeal Wi D 8ypical
ePoERTR St Wi USROS o gt I BimpEive Begtagbiff and o
incredse theeiignitiva tirlei df Yaraingtes form&b fromqreraegs neade usigpithis fortified resin,
smﬁ 1eiinfiEs LREIAADRSAIY DI ANLAAMBSIR B ShERASiH L ende tihes 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.k.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

as conpared to corresponding resins in which al ygi

tri hydrate was used. Anpong the enbodi nents of tﬁl?ﬂﬁ-eh 2007
inventi on is an epoxy-contai ning formulation (a k a an
"A-stage formulation") fromwhich an epoxy resin

advanced with phosphorus can be formed, and 15 March

intg@vhich farmulaiindivehmiterhainirodndsd ettamiapproprate stage e atiring, and/or

aﬁer e réﬁﬂh@é}rdf%@fo%hﬁgﬁmpﬁflﬁ@fo@mecﬂU%B‘lﬁer aﬂsﬂd%emq; h@epoxy resin
al] on was

<N MO PP Bogh oy oh BEpitdtts AEEHEe i BRETBRGthge betore,
duringy asidice afieo dhmiareatiers of fier cowider af thenresippioopulatdre A further
eﬁib@@ﬁnek’l@ fsoﬁ %!Gﬂ]délu(;f ﬁﬁmn@néjbﬁfxe@f&ﬁeﬁ‘elﬁ I'ﬂﬁ go@ﬁ:ﬂﬁ& :}]é:’ htQ@fuced into a

ere naey. of ereS| Orrm | r
R S e A EO R Dlipshirtan b fRR . fyhich addition

ot¢urs trderhyvutieg.iasd/prefentdecetkindat of the f&nﬁﬂmm hastoiceurrefdy @iyformulation
YR @ﬁs %&%&{oea%hﬁahﬁéma?a@&o%m RbRs Bﬁﬁ{ éas trate; and (i)

additio OCCUrs ore, .
highi AP O AT e oG] O BB F TG oM 16 A0t Pragsce a prepreg
Silliapotherremilodiniennis ah empreverient {ti the prodagtioh bEallatngnage from a plurality of
peepkdgahh Ghes What 5ia§h%et§ Qr ana[téTbP fibRal @%s&&te'c@l%@ PR Egnated with a

heat . i I eas

substrat e, S, a
R SIS G 8 S80, GSP AaHEer Yk PRorpRY. 1 improvement
cpmpuies enaxegsingpthe ghermat sthbilignof erinaterbp dntm}iubmgsa @hermal stability-

irlcpdak 191# SRBRt of BochRfte REPHE &drnihtiod ?& 1Je, gtaﬁd/fof B the formatlon of

| ur a| ‘heet's or

It repregs in the
re‘?’f“ﬁiiﬁyﬁ%?t}lﬁ‘g‘i‘ﬁ%ﬂoé‘ coated or inpr egnat ed with a
f or niThedtiosmarcionter erbaliiméntaof teip owyntioasvilbastillfintisa appatdnt from the

e@Jﬁﬁ%FH}QJrhgﬁonIﬁ@aﬁpgﬁy QYRIENt conprises increasing the

thermal stability of lamnate by introducing a thernal
stability- increasing anount of boehnmite into the
f or nul aFURfI‘Hrm OETALKD DESCRIATION &K THIS IEVEDTTON on

o S i B i o oo

ine e%ﬁﬁé&l g PETRr S lamEaies AR CORETCH feg ferh as clectrical
laapipete diechitchoardspis wellRhbizR iiDEREA Nae E)ESﬁBhﬁEILm Bkt Mbd. 3,036,135;

5 bg&’an 6'5?'6 I?ﬁ 51586 Bh‘%‘s%ﬁ 6H&Y: 05, 7 9%%6‘%'2@9 9636858, iﬁ-‘qz’? B1:6,296,940

BT 05 00 B SR R BT P B} BB B L WO 01205 Al as
puidispetin Ehglishloa Tt c2004 U The asirediatdsiies af all dfald foriging documents

is I known in the art. See for
mg)?ga&) oii‘at%f’@ gébY!”&?ﬁ%@ 036, 135; 5, 364, 893;
5, 374, Widg vanipty, gfzorganpph @phatgs 6opougdsean bezanplgyedan ferming epoxy
rebibs a(ﬁfaﬁ&ﬁ VA& phBsphorub., 29ié¥iBovethesdbrgbdpldSphdels compounds contain

woefiBssglauntt (L g bt iy S g, oo

phsphasate; dialkylipbesnbifeydissyl phosphite, oF dl@lw@mmmgeo(lr)gﬂached to an oxygen
atdmwnﬁemasattaaﬁedadmmnfoqbwmct e aqindsphnié Qélﬂﬁﬁl‘k?lph&phate or

di% 0 ﬁ-‘gjte?télrf(gp i rnggl gﬁ%ﬁ%ﬁﬁ@%ﬁ f]é Shygquglggrgﬁp)wal%\ﬁh 15 attached to an
arphietipiies ysl is adivaied éhc;r%omé whithessemaicgingdp bowdiie phasphorus. Non-
hﬁgﬂseo emadﬁplsso Qifabd%h a@a@&phb oht¥ de&ﬁmn@é cmahﬁde) diphenylphosphine,

direc rus ji.n a
BB, A At g ﬂ%ﬁ@ge" HORERE Ry o1 Ut ey phosphine,
dldﬁl&!ﬂwﬂphpmbwhdlEb@helmi}'lmhmpmne,mh@s'tihlw}pb%pbmp,)mmth)éwmﬂphowhme
4h9dRdRysheyigRibhenylphosphine, 4-hydroxyphenyldimethylphosphine, 2-hydroxy-1-
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30 atomwhich is attached directly to phosphorus
(e.g., a phosphinic acid, dialkylphosphate, or

di aryl phosphate); or (|||) is in a substituent
a hydroxyl group) which is attached to an arongfg'lﬁamh 2007

ring and is activated thereby, and which aromatic ring
i s bound to phosphorus. Non- limting exanples of such

nophosphor us conpounds i n¢l ude, di phenyl. ho h|n
g gl G BBp I,  SHSCL Ry BHaF Ity LRI HHBs o ARV Ehosphite,
dlblhtﬁlﬁaﬂo@hﬂd: .aiphyhyptenylilpdiosplbhasehitebplebnpiphosphate, d1pheny1phosph1mc
acn W{ gli?tps fnﬂl% o) d( b'dHH b}?(Js% EQSQGidnemmethylphosphme oxide,

di emyﬁqmggkpn@qsigg,bﬂe lﬁlé" ac1 phenylt elylphosphmxc acid,
ﬂ].tdlaﬁiﬁt hl)tfh@hﬁﬁt@l@hﬁ@hm&r Jitydiremcycyﬂ)henﬁpﬂc&phjmc acid,

it
ph&flzﬁﬁég ﬂa(l)um ?éxlé],y hﬂg@h%h%gﬂﬁﬁ@n%c acid, dioctylphosphinic acid,
hydrqxyphsply ghinic ggigg &ljﬁ@p et@{ dibenz[c,e][1,2]oxaphosphorin-6-
oﬂaeph )ﬂ.’m@@pl‘idhfj}l Gsplﬁhc@ﬁie)dkcﬁb osiphll, t &ydtopyidryyldmsiyiphaphonate,

hy04 hen?}ﬁgﬁg(?%%ﬂlp%osgﬁggatgd' brf)ﬂiz%l ﬁg EPl 'a'g @@lghosphonate
didiy Aeqreyphs hp by methxl phe sRiondit gy oéWYﬁﬁ@g wihetiyediethyl-phosphonate,
dm@ayyﬁ@éﬂw@hpwymhssmwhte e (topdy pReplemyiophbnyiphosphate,

gﬁl y ari[}iﬁ)g ?ep h'd.[tafvzdrgf%;%en e qﬁyi}os%%aée i 2-(6 cnludo -6H-
dléend[c,@ll[ ﬁyﬁph@%rﬁbéeﬂz&le“'é’@inaeﬂ ight y#pthog pm AKido-6H-
m&ﬁylﬁm[&leﬁw xaihesprbahan)- phospkhalid. aci d,

ox | 3@% %r oxf/t |toe§ goﬁ y‘,@éﬁ’%ﬁ%?ﬁ% é&ﬂmfélleg@?hg,éﬁ Wﬂg‘ﬁr@ﬂis involve

Sunlydp@kt}qméﬁyl di met hyl phosphonat e,

' Ey dr QxR eR Mﬁtﬁlhﬁigﬂb&’tﬂiﬂmﬁﬁ hs@pplﬁﬁ to or impregnated into a substrate by rolling,

d?/gr %ghep%ll d’a‘fﬁi’lﬁst&ﬁ \Frrl]ﬁ L pﬁona d/or combinations thereof. The substrate

di hyisl ammymafelnw erigenipenfpieBieBEN mtbc foqm of fibers, fleece, fabric, or textile

di h)ﬁx&iéﬁ’@ %}’ﬂyﬁﬂcﬁllﬂ@ﬁb%@ﬁ BE@RBYE, fiber mat containing, for instance, glass
di (hydroxyp enyl)phenylphosphate
di ( AFXPeREny! ) net hyl phosphat e,

BYli ( Hikeriowyaghated ibstrat ispRogassal oy heatigeat gtpapsrappe sufficient to draw

01 DiFE isglveild b ﬁko&;ﬁﬂiﬂq&ﬂmﬁm ﬁ'rd}’bpt%onll,lﬂ’c&)%ﬁﬁnﬁd:uml the epoxy
oxid
1 2] B;Pgeg #}aﬁﬁlg 956 a%ﬁ”%%%%agéng fo thefouch zpd can be handled

pr ocsasity. €Bhd ’(B-stﬁgngﬁ siep ﬁn.emrlbgwrrwdobut atna tn:alpereatlir@pf from 90°C to

Rl)r ! Q?ffg é“;{ Ifqrgl a(#c%??&; ?VOl Ve;ﬁ ]155 ueh. E‘Ee{ngntdégxoxg eglsa?bstmte that
' ”pfx‘éélﬁéh%gm B@ﬁgmg isdahsd 4 3k @rddy. THY teinpétatureds RRbtIRPmmonly 100°C

spraying, other “known techni ques and/or conbinations
t herfenéampRisitessand d 80%E o 2002C & elegicaldeminaigs. or gani ¢

* e'bp(f)lgé & rﬂ&e%g&'i‘ﬁ[ of ﬂ?ﬁ:%%h:arrlg 3 Me@lor 14i® ﬁﬁ $n aﬁen?a@iﬁg layers with one or

or e AAENoF  BRICHREE TEUTHER A S SOPBiY Pllot ah el gdgginate i
20 fdebiesds or paper. B) The inpregnated substrate is

Dbr asf'h%gigﬁ usp V 4 n?r% Il_pﬁzg%eﬂtat I ‘?JH%&%U ?\!;s{lfe%lez{‘ﬁmg Qufficient to

he e oxy or mu
Opt | Rt yesI SR Alliginger d1F IEREBRS) O P Hmaionep is usually

SO tmeénh@oo"@hﬁgm"@d 2840 iRt eﬁersb&wext 0659 afDUSIPC. The

and can be handl easily., The "B-sta % S first st
us uaPminagan meEdmdLﬁlSOa?e %?W%ﬂ%ﬁ%ﬂﬁ? ar 6%??9‘6‘%‘%& st stage
between 100°C and 150°C and a second stage at between 165°C and 190°C. The

3
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25 210C and for a tinme of from1 mnute to 15 m nutes.
The |rrpregnat ed substrate that results from B-stagi ng
is called a "prepreg". The tenperature i s nost
commonly 100C for conposntes and 130C to 200C ngarchZOOT
electrical lamnates. C) One or nore sheets of prepreg

are stacked or laid up in alternating |layers with one

or nore sheets of a conductive materi aI, such as

copperessugs is usidllyamtvedes SOMN/caf anda¥fi0idfem’.i She BOninpsion step is usually

D) Theribfdd 1ot thesifond Gilheo3080 nﬁﬁut&' oy rﬁ@s?’@ﬁérﬂbfﬂﬁmnutes to
and essureﬁﬁr a tine suffici

an d wﬁuéesl lamination-glap m;loa%]hr bg cgyi e%‘ fytat hlgher temperatures for
| am statteotimsd @pch & inisomtinbgus leirasenpro GREs pordo2B0Lr tianed at lower

is t Qél% he | am nati on
o e&@t%ri‘%(s%«gl égg]r?ﬁvéd ou Eg%}?]ﬂ’%%;s%sr rmri St

ages,
iuc hoagm‘& ¥4 the resulting damisatgfop eXampi GEORPRIC Emg’ﬁﬁ’ may be post-
secotreatat Bdeatdig foes tvae at Higitt€nperatufeIDTambizet pr&sds. The telnperature

ZOOZ&f }pofﬁéeﬁ%grﬁtr}%{l gﬁ?lsj% egebn?fsz\eﬁg l%? ?S(N CCC gqrzl}e%ggt f?e%ﬁnefnt usually is

a ti betwedn Iromufesandl? bowrn 200 nmi nutes, and nost often
F} Or éﬁemyﬁ&ﬁcil&coﬁ&cﬁ%‘?&ﬁf?d circdf 1§ 15@@0‘ tHé"co%b&pclzianunate

g h:)Ir &i?ll {’%l‘ﬂﬁ’eec 5§ zlgc h% dQ‘H%B L%thF %)xg#%g in step A)above
cqrtakesl s fove, dimng tzcdﬁgeﬁeltthwﬁ)mattonl odﬂmremaladqwf the fierewlation has

obSHED BRysl Por MR 9%%‘3&%@@@%%&&1&@% d@e@ed in the solvent before

a&q}b%&%'@ laen he r clt &%ﬂ@@ ?J}S.St{l Bcteﬁxg{é exalﬁn:{,)adﬁgdaplaﬁa dispersed

irf the s vdnit afterdlte a’ﬂdg:lmntoé opesratare ef the dthendnimgponenss efdbeifoanulation. At
lcm% Qfial e fdd it P @S bodhnBRl B REullaAt rﬁﬁdﬂﬁ!a s)éuﬂ}@été’ﬁ@ H1gh speed,

%ﬁqag ?ﬂl@ég gﬂ ahaj_ ehsgﬁ$ tgarttlrﬁl)%g taentedgsﬁqeru?ftj and 5){lspende<}3 n tﬁ\e le iguid phase.
Padfealily ihisahixyngrtaked pérce afterprsiitdbéeckucfactantibas hegn applueed iftto the liquid
pﬁégs a.&ﬁ&%%g %113% L&mhgah £a welk! %s{p&rsém ddd saﬁab?ﬁa{ss&id@a Riffture of the

|on g %3 atloqgw $
Alye Lghd-e In dhip cpanegtion, spd vl desirppg, tp pd By ‘theory, it is
pﬂfsthﬁerd thitghd sa»lldmemdtmg)ﬁomlﬂm adéitvan oftbe bmfmﬁﬂaeo the liquid phase at some

f
A ey Y SO By e
nefep i thay e t@p}g@{te %ﬁﬁgﬁ@ﬁ hinge ¢, Egppulation. Whatever chemical
fodintif fahédhi tldeieyultahhsbhﬂﬁ)etimsﬁ ﬁle(fétlmMmE doieithih theasaope of this invention

pl%kn%gg 51?19 gr}glit e r snﬁalﬁ g%&%tam? a&xﬁlﬁaté ﬂﬁm?fés) %%)c%?lecgfﬁorﬂﬁﬁ fgrgnulation
haedasreases ﬁhwgwé Fta@hw&mqﬁ%ofatmrﬁﬁeaw Gtthespgolids inthe fogmulation used.
t he Tieshdeh@iié additiiels @picﬁllﬁdﬁﬂﬂﬁﬂﬁdxqﬁm phiagtin ipdpdivided particulate

o%@eﬁ%@ﬁ ét' it'Shn B¢ o ga"’\%acﬁl?gusiagl!ldeg oP &5%1;&&'!1 Grtheli Stud formulation.

suspen
prem rlémeyammms 0?@ ap fomgtee én%?fd@éd i high cgough; tp semninute larger

p:ﬁ‘tiélf:ﬁ!ﬂrg’b?baxﬂal%s bERBhhiK taa e ced ad the addifve. Thpivdlly, thphvegaee particle
sig2 of e ety 2RERUEhs i o REB BE 0.7 4 Y okl o BREAIS2 porcent Ly

pen e re O
welghtoidhe n»ammleﬁ lsave o hadieleisiga of %iﬁ@@SWQm@mnSd89¢}Fdelamg pRaverage

pﬁ'ﬁé‘l@ dizBih thE 8REYef 0.1 td 60 BRrddk @p#éEked. hﬁ&retpﬁifer%@ﬂ 1!; E@ehmte with an
resul ting fram.the adgbtllog of. theBbol%mrp e to he
aYeiracﬁeI p, % utjﬁheg 0 microns.” Boe. ¢ with an average particle size
in the range of 0.1 to 10 microns is most preferred, especially when 100 percent 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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appropriate stage are still conposed at | east in part

of boehmte. However, this invention does not require
that the boehmite nmust remin as boebmite in th

formul ati on. Whatever chemical formin which tﬁg March 2007
resultant solids exist in the fornulation is within

the scope of this invention provided only that the

resultant prepreg and lamnate ultinately produced
1.% mierotse [4ssyand [l G peroent 25 wiekshibof thepagicdwdhayhaparagle size of 0.6 microns
Qbility because of the presence of these solids in

r
e formul a hebehm [
t ypi wpqn}}s %{}E%B IFﬁlSd vagﬁe gst(lecmagﬁg«% for%ﬁlah(zns af (tjlus invention
canaé vmlda;ﬁeadmgrfomtwu;fogﬂmag@umwgﬂnem qjgﬁﬂﬁy@nmgy@nent desired.
TnpE k! a}{)[/ e Qgﬁ‘ﬁt)pﬁn;ﬁ{b t dfibotHieitd dafibé Ghed, and this amount can

R G T g
sy delv erhlediffereatrdgsagepavets aoll esorsingbe thermeal de@m@@u% teappgtures of
tht P&t ﬁgﬁjxjg dsﬁﬁ) :WB'& S8} thy ambiBe vV RN a08e Paig bfﬁ ®© 180 pht @Rclusive of

m

te diitiv |nteran
aniodhog femPERASho RS AFSatly Be rRatR oy tachafls it e Be in the
rapgd of abes mvmﬁp@ahundnﬂdepasﬁsz(ehﬁfofaqpoxaemn Sochpipe giqany other
ﬁ&%@%&)eﬁ ﬂaﬂ@tﬁ@aﬁ\é&ﬁt@ﬁtb@ﬁﬁéddﬂ3@t@5@ﬁhﬁ n the range

boe hriPFederifidt ?lg%tg d’&fat’}g}fatl ?ﬁd@ fjg\ﬁi'b up {hg aé:{lgegof 45 invention

isOfvaflatile t @>nBfernially d'mm Kbemaile Comparstioan d’&/ éllﬂ&g}be fouowmg typical
size in the range of 0.1 to 10 mcrons is

p%?%étgr gferred especi albi when 100 percent by wei ght

NafO ol 35 particles havé 0parti cle size of 10 mcrons

CaD | ess, 90 percent by weilght of the particles have a

rP@rticle size of 3.3 m¢cpems or Iess, 50 percent by

Wef ght of the particles g (\)ze a partlcle size of 4 15

Siar ch 2007 1.3 microns 3 | ess, and 10 percent by

Lmloghgmﬁén(%)e particl eslhaZe a parti cle size of 0.6

' SS2 Armunt1§igf the boehmte additive
S ecﬁ{d: {JB l}?il%g/ t he fg&;m &il ons of this invention
Bé@frp‘@éltﬁ(/ 1Y) dependi ng, Bl xanpl e, upon the anount
P&fhclbfseier@](pm) abi lity inmped/znent desired. In general
ngxle rd?-gﬂﬁ‘gﬁt ability-igpLevi ng anmount of boehmte can

this ampupt can 5 be.r t
|n aﬁw eprorpsincadiansyd WER BERSPROTYS SitF @&F P%‘H‘ﬁ% RS of prepreas
Ml%m&&mpecmlyﬂmmms fog psmedewarmgd:oaxrde amh@onmslé@@atenals
% e a 4 ANtk fo?rﬁl?lgﬁiérﬂ Gyt End ?Jsﬁﬁ eqf'é]fgﬁpl? i'ctférﬁﬁd but can! be formed

ures o e cure mpositi on, Hy }Xl i
uamﬁuhv wie 9 & app-Phespheras- F%@%msfepgxst sy dg 105 orus-co g
H%bﬁz‘éhcﬁfle thamewith! ftds alsopgesiblerid 89e. a ivixtuze dﬁs‘ﬁﬁoam%poxy resin

h -
o o
c@pmgr@snmu(ﬂbﬁeﬂwtl\%vﬁ A ynoginhasphonig<e eYROZY resin The
11%&&% adH a¥ ﬂiamlﬁd abavé ahd imSorpdﬁ'atteﬂl Rertiadegeribés a3feat wamyQlifferent epoxy

py]an?ﬁcgwgl{) glgc{spﬁ Sy o, cﬁm 3Ly ﬁle g;%ﬁ&@&ﬁns ﬁN‘egf}Onf or

I's I nvent I's aval l %Fﬁ
c 0 m’réncepcahply of prenty Qfef\?aﬂ @S%ﬁ%qa@é with phpsphas thap can be used in

ifeOfokAWafch, tYePine absinsSReaséd hCmtsnpat. Na2§376,428 reféireBlo above and
&cgrpco:?a%ds hergusx 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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Fe2®3 s 0.03 Si02 0.06 Loss on Ignition(% 17:L 2
Specific Surface (BET), nR/g 15+5 20 Bul k Density
(kg/m8) 700 100 Particle Size d50(m 1 f 0.2
Particle Size d100(n) 10+2 Any epoxy resin advarqgéwaamh 2007
wi t h phosphorus suitable for use in the formation of
prepregs for making | am nates, especially | am nates
for printed wiring boards and conposite terials 25 d with
plosphalye Tis edringngettas¢bwituthisityrsef stREeRy 6‘@51?% i‘_??é“ _Béir"é“"e w
R T
: - o 2 D6 drolysis yieldi
O AP D BB S oy e by Bycholypisielding
a prodis vathsio Nibsslublo€ 8{7é6.use a mi xture of prefornmed
epoxy, Jifs ﬁﬂn_]iﬂmr}g(ﬁﬂpbé’iof Rypb eB§JoRY uSins advanced with phosphorus that
non- phosphor us- cont ai ni ng .epox esi : dt
copRG oIS AL R COHPO ORI B P s P 1% 6,301,626 referred (o
aboo8 aptinsqhantes hereint Thrsityng iefoongd byserqiing Fiigeasgpoxy resin having two
tel;]ﬂuﬁlglrgzytcgfgg%r?hﬁgst‘wﬁﬁa fttRphosist @eltaatgyEh AR pheto T paptalc euch as 2-(6-

er el a great. iffere epox resins
oraéwréﬁcdé‘e?%i%%ﬁ ?ﬁ@@ﬁﬂwﬁ%’"’%@“c é?]er%%neg}soédpi nyt he

pr acA ifiathepfiort limiting exeamilé ofia.typrrof epcaiyppesinsgvasged wiflpphgsphorus that
ot bed ﬁa?th@ ﬁr@%ﬁ&?%@ i &?ﬂ@mw@g B IRt N@r6,19a,623 eeferred to

e ormi 1 0N, e e resi . LI

e ey e FH5 e S5 6EH, E3nbliabhd sopaining
cmpazinihaviiy 2a attivedydrogdnatamebnfectd difeptivia thepbaspbomws atom, e.g., 9,10-
aifl yo%oﬁ%ﬂlﬁ?%&ﬁbﬁ&l#ﬁfeﬁ@@@gkiﬁ& vaith 4 @sérpofyrfanctivhal etp_oxy resin via

pnospnor us, I oNn . m XL ur atl C
sepprEt e Bier 1y odie ByBeg huthpd s pdllufinbs

-

phos@iibanethee nompbimitthgsuahpla of aiypapkgHoxpresigs gdvanced with phosphorus

rh%LgEln%%iugéd in Bﬁ%ﬂﬁlﬁ&ﬁige‘m@% retgllg]ﬂ- %r{\ﬁﬂ ﬁflmfZ.QSYPat.p‘ﬂm $[H521080 referred
e curing agent use .hi.s e of . :
tapb? MBI PRSP THRCB Y B ompReerd hbnis of () an epoxy
ra3in0 (1B laiphogphbyiandid estensuc nag agetat ofguethang Phesphenip pEp bR glycol or
p@%? ]E) Fi@;%@%é@%}%ﬁagg%@%rﬁﬁﬁemﬂ@gﬁgéﬂtQlaving an amine functionality of at least
21 B EHGL G Bl AR I | GRS Ay Gy pith s systm are
bitizgldétinethiylaming) tisdirhethylarhinamethiRrheapluer Ph%yl%l% azgiot her
non- IYE{%BHQ? (ﬁfﬁ%ﬂﬂ!ﬂ edmple LYPEpOE ﬁﬁﬁ%i&sﬁ@ §dvasiced with phosphorus
advanced w ?1 ospgorus that .5 can n
diabpamle e+ D T QURNGAGRET 18 P RS P, G g 04 20 reered
tPalRId o ichpbareddirdm Thistye isfomed forpoeaehle epewyapsin and tri(o-

| hﬁ%@%@&ﬁ@gﬁ it T St ;(/)glﬁ‘%ﬂa.}lﬁgoré bil PABRT ofeRO}Hery® Brdups may be

/ erm na yl “groups, with a . ’
sHRESIsHS. Do h Ak ARG T Hyes PECRERG Bt °‘E‘8‘pﬁ?{%%‘ly PG Escted and
{R@Sprérédted Prodint Gitodudedriatp ahe fornblagipn or the reactants themselves can be
R PARDASRRY] Arfuithdr o ideRaREede! . A Further
P ng exanple of a té{))e fof }gpox resi NS with horus that
adv addherinerr i srampls of #Epe o FpopLEsiptrdyanssd it phesP

E0beuleatih e RFBulkd i @i eend formetlasin U.6. BatSNo.Fad’6, M3 referred to
agévzega%ld %%er%%lge%rhfneegn. "% type is formed from a novolak epoxy resin, a novolak resin,
and a phosphorus compound reactable with the‘epoxy resin or novolak resin, such as 9,10-
dihydro-9-oxa-10-phosphaphenanthrene-10-oxide or tris(4-aminophenyl)phosphine oxide.

Still other suitable epoxy resins advanced with phosphorus or the components used to
form them will now be apparent to those skilled in the art.

Other components which are desirably introduced into the formulation are one or more
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above and incorporated herein. This type is forned by
reacti ng a phosphorus-contai ning conpound having an
active hydrogen atom connected directly to the
phosphorus atom e.g., 9,10- 15 March 2007
di hydr o- 9- oxa- | O- phosphaphenanthrene-lO-OX|de, with a
di - or poly-functional epoxy resin via an addltlon
reacti on between the active hydrogen atom
S AT VR SRR P S R AT R G S5 Racmotersfo
theturatite(pe of epoxy resins advanced with phosphorus

that , cap, Beihelds M@%ﬂﬁ%ﬂé@% gxngléée?sah?faéé @Rk fhat achieve an

ordivoe wghqpt pﬁ&l@,ﬁé@ﬂg@égeh{éﬁéﬁai;p mqlwpcglq q 1§ cpaj ?4.[)@15]1 resin. These
arb Eﬁ)ﬁﬁaﬁﬁ ecaﬂfablacfmazmpners eifch(ak Bmcmm ynd AesimAdditives. Ahe choice

j%hhgaé’g% g%: tgu ac %ﬁr Wgtﬂﬁg Cg‘?ﬂ deﬁ%ﬁ-ﬁﬂ,t {Pépe}é@tdﬁﬁﬂ ®he resin and the

desired m@emlemﬁtm hﬂn@ﬂ%@l’ﬁ%ﬁq iikPBgodgent havi ng an
am nwnﬁy &ktdnﬁiﬁﬁislofme@ﬁrfﬁltank(eﬁ&h V2§, Bpicalycthé anadurm oh ewieight basis
eg ﬂd [hﬁ mg %toglolg I thy %gge OF ‘?f &8 5&" théd g){tséf%o;x%acﬂ§@addltwes

m ar e nne hylan n
preferabiinthe rapEaed e Bt ) phenol or 2-phenylin dazol e.

Yet ﬁ&mlgﬁﬂingn etmifles ¢f suetalely auplieesofhancdnylpeused inghadeym-phenylene
resins,advan t 0S
dlfuﬂgl £ odrl?mllngt dip genwi n{fﬁ& CHB%H& hérﬁg%etﬁﬁ@ lﬂﬁﬁﬂﬁ@ q)h'eﬁ’yl triazine,

e‘resin

dinypndpmide: ambeylfaiasnife OF thess ISR aige 1%@5#%#&?@8"6  Amounts of
clﬂ'ﬁh@'lﬁhod-ﬁbécﬁmfo)"tﬁ@fdr&ulfaﬁdiﬂlﬁd firfotion af the epdxly eque padent weizhit (EEW) of

nd th’ﬁi&% 016%1 (%l'ﬂg) ral'eﬁ%d%h% %@m%ww& t%ih%laman\ée An equation

cawbgmiw t&ﬁmalawylﬂﬂb&r Rt gm!r%twago ‘Esﬁé%"’é follows:

i ngredi ents can be either partially pre-reacted and

pﬁrge re r:eacted ﬂ (laluct |;@t g@ié%gmi‘ﬂm ]t{‘ﬁ)o .

|ntroduced into the for BEMAeit8%int o forma resin in
situ. A further non- I|mt|ng exanple of a type of

epo nced, W -
oD TSRS DRI b 08 T i, 2
phénglimiagole Neenzyd disghyteaing, é‘ﬂﬂeﬂwnﬁ@ml&b@xﬁ@ gthyl-4-methylimidazole.
Gbﬁl{fﬁfypé)&élﬁﬁ%tnﬁhﬂieﬁangybf $td W6Rrth 6f Juftifeper par®BT fromoter can be used
vol eﬁ@p{% res:llgzl a novol ak resin, and a
GOFHBTF BBE Mty eactabl e with the epoxy resin or
novoDfkn thessotvens o theaepogy 1in advanced with phosphorus is a ketone such as
a&k&%dfﬁb&v@}m\ 18nahesahaphe w%ﬁveﬁﬁ@mmgzlumql sdWvefif for forming these

I S(.4- am nophe phosphi id

Sopbhir SIS PEORBILIS 5 S Sl LR i ke
(mmml ssobratgldketane (MBK)ozmemoezmmql honathiowy-appenanels propylene
lgy’golt ggSI rm;elgf i | fhel, N efthyRn&T Blycs¥ NBonceHYRARE Nk edluene, N,N-

y intfoduced into the formul ation are one
thybtogmangides \arch 2007 surfactants, wetting agent s,

0 r dlfsmfreca niice; reantiee grhosphpms cilanaet Faterdantn dudines organiprrhosphates,
pﬁ’cfs eﬂh%s;g}fbﬁlatcé Bth%kﬁlﬁ}dnﬁ%(t&)and AR Rk ta3 Sl Abdt Bre free of substituents

rqaﬁta\fe V&Q?ﬁr;’t@iﬂé s T MR e oA e ST e JUR eppponents
vﬂﬁb&&n@%hndl%ﬂ\m ’th ﬁnmhlltlbm BiCEIde maitmnbhmnlﬂater welapine, melamine

ﬁéﬂ&n&ﬁa@nﬁé’@r&@los éﬁhh’!@pl ' ers such as
 following I Ves no ﬁ ttl?eoverall scope
par t Thefollowingfexagp ?@f"f‘HESt“&HYe aq,gea(r? P‘?f ﬁ‘b(% o b P
oflinsyIRveibh kB spedificupdes dndenateisusetitiereine In these Examples the epoxy
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desired properties of the lamnate or printed wiring
board. Wile the anobunts of the surfactant(s) can

vary, typically the amount on a weight basis a
the formulation is in the range of 1%to 4% of SE%&RZOOT

wei ght of non-reactive additives, preferably in the
range of 1.0%to 2% 10 Non-limting exanples of
sui tabl e curatives that can be used incl ude
resinpideanged neth pipspRPTYE Used WAT ARSORTSATE SRIXYHGVe gf Esin which had been
1%r%@§@h@?¥éa&ﬁlg@@ﬁ}opﬂi3ﬁﬁﬂrﬁ@0@hwﬂ tThispdsineis deemed to be a
i cyandi am nd s a
ey shrage rLP e PR AR LR st hcrphonys

curative introduced into the fornmulation is a function

of the epoxy equival ent \ELMI(EEEV\) of the resi n
the func t.he curati

o]
Prrepgtion 8*41’ @néglpg{é%”a%{ oé'ﬁff’a ﬁﬁesi%gtg%#mnvﬁ ep orus and
Bbaimmaedﬁ@mmti ng a suitable anmobunt of curative to use
I's ag shilid:LWeg oPcl'iEyaﬁ&iEﬁIdle(/}BIC}Y)@\ﬁdJ@ azg ofe -mehg inikadole (2-MI) in 72g

gﬁéﬁgi"/&‘?%@’wl %ﬁ@ﬁiﬁwﬁ%i’ Igtgl‘é% IualEiE Js\/\éo(%{dﬁﬁgd?‘{vﬂh 3(%0g of a

scﬂmrqmwlfan EpoXyiresin wenceﬂmth@kaspbp@s (360 pasim RV T 34 0)ksAnd 2.68 of LP
?’b’ bidheT Bk ﬁ(‘bﬁ&mej\hﬁqm mbm@k@. Taftds mixture are added 130g

Z0l [
B G OAS e pbR Bt Bl ks
1sp=tgumad1 €or Aaninvies ab €0 rpintwithea §ﬂ@fr@pﬂeﬂdﬂ‘r Ia:thoeﬁ%.l\ﬁlger The well-
ik duRdlis ﬁﬁxeé %M%Ebnﬁﬁﬁshttb 3 BREGSYVI I ES] 12" adbvamglash fiber cloth

(qqaagwfé’s‘ff#é? e ol cae s Pk ASEL VA pred guep for 3.5

mSitasent 70°aY cdobedning girhrhaiste 10°f :01 U Eadhi oers mdetmmed to contain 50%

reﬁsgtprh O?/ng h ﬁ?&(f%@b e];t)“ o ]]\géu %Igeso\if{}gg aéllgég 8@9 b tdpnc?tl 1:H§J Sther and stapled
tc(gb,thaKﬁl gheofitbe Myl Oepﬁaeﬁ(y{erc s;[a.chg{ )@9102_%‘}/ F9 p.nd stapled together.

Tﬂé £, géjts%aﬁ ¥ ta%g e onTRBRETE EM of gub@ﬁt Teﬁfaf@lrﬁ%e Gini 68 covered with

r acet at e, t ol uene,
adom srhxy¢tfoﬁtlmam@rfélm e chl@%wtbe@cpmﬁ%bﬁtmewtal plates. The 8-ply

Edéﬁ ohl AdRble@hast dﬂDﬁBorﬁ Jedlarzlcascflni and covered with a double

%fpﬁaeg%ag% gy 2@’ gﬁ&ﬁ %%EI ‘{%Q%H% q?s“‘%?‘ﬁet covenng%he 4'131)’ stack.

Aa:hlré ol Htcstwasthen wisd (0 savexii FPes hyS-BI GHABES. ke Gplire 'Dook” was
tﬂeﬂ ﬁééﬂgﬁgﬁ 6(ﬂnitnt1f%s %tqﬁm& RALICaRver ]§E§51§1k 2196 §x 'PBE la@iates were removed

onponent s may be included in t or.mul

i 0
ﬁpmdhuph@ssawﬁéﬂr %bagﬁwsqgwaftlémg@éwe&ﬁwel* Uhe? %W%Oiav 0 was obtained
v&t}i%eﬂlrl&hﬁmateﬁe Irate m %Wﬁ@ﬂh@ﬁlﬂﬁéﬁcﬂ vallifels arei buen duration times after the

oY ERa Gt PRSP QL MRS 22

scope of this |nvent|on to t he specific nodes and
materi al s used therein. InrABgEq_Exanples the epoxy 7

15 March 2007  resin - adva ith ; -

, | . - .
a_propriet alr 3{__;: 2n\IL J’Jf‘\\:)ﬁ S Tanition . [20d Tenion | 1st n |2nd Ignition
1 o7 0. ) 4.7 A A -04° 3.87
i&onpcur*.d 13.”‘.: SO ATHE _ O[5 @ ESentatfiyE
3c7\ou|p| 5 f97p| eSE THay ep@; yaavanc@dgyw th 3,18
Phosphorgss 1.59 0.81 1.34 6.22 1.31
5 2.96 23.27 1.29 3.84 4.85 4.61
total time 10.32 29.3 10.32 21.09 29.16 16.80
rating V-1 (rerun) V-0 (31.41) -0 (45.96)
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EXAVPLE |

5 Preparation of 4 ply and 8-ply Lam nates

froman Epoxy Resin Advanced w th Phosphorus and

Boehnite (50 phr).

(DI CY) and 0.52g of 2-nethylimdazole (2-M) in

of N, N-di net hyl f or mam de ( DVF)

solution is conbined with 3209 of a

epoxy resin advanced with osphorus (260g resin;
330) and 2.6g of LP 10 \ﬁﬁé&g’

I's prepared. The

A sol ution of 8g of dicyandi qg‘é\gﬁ'ch 2007

solution of an

Idi Zpersant (BYK

EEW

ﬂ’&ﬁcﬂ’h@n df DarBindibs fetinSQOERR) Resi Q@B Eed wih PhbipSorll $1808mAl 930 phr).

adde 3 ﬁ/art in

}_R:d}i'e @‘aced(l?eo?ip Jr? nelb\g%;{%)%?edr \g% I% e feeREan, %}B tet%xe ifarmulation
cyfainededVe Bfa %fdutrﬁmﬂftaé§pcaty regDedvaperdwitiphesgiormse s of DICY, 0.52¢
GFDRNIT | 78y eftTvIY, Mg( ef LP W08 ® Uikpersthe N8E 8 £Bodiinite UhE Mg%f acetone.

e ey TN -

gl ass
1%% G’I i OV‘Eé]&P%IFeé@é“i ehawgnmbamMatmmesuamdnds after the
fryteand fsedond ignitidnsm nutes at 170C, cooled and trimmed to
10" x 10". Each piece was determ ned to contain 50%
resin m xture. Four of the 10" x 10" pieces were
stacked one on top of the kAkE3nd stapled together.
Effght 0of the T ighitiet](sed)| PR 1¥76N (@e atﬁgfgﬁ ©
oll t he other gst ao(l edg t4feg{ ner . 4185 4”‘8’:"?553[ q@%@imon (sec)
pl aced on{&’3doubl e shig@®® of DuPof&.05Tedl ar (T J{1.91
b ease film covered Mi¢h a dould.@ sheet of[48he

ack.was I4H3n pl aced|] ween twol0¥et al
v 20 ot ad ceg-o a_doubl &91

Q
totaltime "= TSI T 7 pg‘smn e "n\lar :
53 £ DU IS\ & €27 ‘iff’* 2

bt © streetof—tfhe—san fHHm—Fhe—Stac vvuq t
pl aced on the netal sheet covering the 4- pIy st ack. A
third metal sheet was thenmﬁmmg cover the top of

P;J}Sra%orpéfiaﬁﬁng&kﬁ'am I&; ké.s';n w:th .sght hen T;%ﬁ}d’ gl (10 phr).

Th e &g rﬂ%\ %mP]é &gaﬂﬂ F%Pﬁ@%‘@%ﬂ’é gxcentien tbﬂﬂwonnulatmn
corizigediillg of atsoluibmgf an epeky main.adfankld Oih plRishGugBg ¥ BICY, 0.52¢

0231008 35 BEONED ZW‘gto? LP¢) f%dﬂ msg&ga%i 26%%? L(?ehilmte %ﬁ‘@g ﬂtgacetone

Af‘?ﬁgﬁ W{rfté@{éf%& ?ﬂ‘?’rglﬁ raci on tImes

&-plylamipateanda Ve hatia o thierSoply laminate.
Taﬂe&amlmstﬁeﬁnehﬁslofﬂ}csﬂIyLSéttentsy (repeat) 4- y 30 1st
Ignition 2nd ition 1st Ignition 2nd Ignition 1st

Ignition 2nd Ignition 2.97 0.77 4.74 7.59 8.64 3.87

2 2. 30.90 0.9 1.53 4. 8 BABBES 0.97 2.77 2.57 6.79

"ﬁ

Q0o WV S
)
-
D
\
H
b
P

4.67 3.1 1. 29 T 59 &l - 174 6. 2211731 35 Gy 96—
3.27 11.29 BsBdnibon(dec] [odl Bniton @ec) 0 stIghitd (sec)l Uzadignition (sec)
121. 09 _ 6 25 rating -MW.0rerun) 1.2B2(45.96) 90488
] 4.29 6.93 2.60 0.89
3 2.65 9.47 2.03 0.89
4 2.67 8.13 4.03 332
5 _ 573 11.15 3.08 7.60
totjll_ 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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15 March 2007 EXAMPLE 2 Preparation of Lam nates from

an Epoxy Resin Advanced w th Phosphorus and Boehmte

(30 phr). The procedure of Exanple 1 was repea

with the exception that the fornmulation contai _ﬁggﬂamh 2007
320g of a solution of an epoxy resin advanced with
phosphorus, 8g of DICY, 0.52g of 2-M, 79.4g of DM,

. PW 37 di spe nt, 78g.of boehmte and 14
§P§§8€{'Bﬁe@d§7§%gaigw YSIA N Y9g2tines 5P ainsd fpriogth oAl and the
f-goipi lnmirete. REseltoefitbese b4 thes are bwamsrizden Sabledr i zed
in Table 2. As above, the nunerical values given are
bum duration tines in seconds_after the first and
second ignitions. TABLE 2 1HABLE 4 gnition (see) 2n

ni tion (sec]iiSnilignkdc) OfEn{ Bfktion (3ec) I [ORUIEAIROA (ke F C)lnd Ignition (sec)
1.23 . 4. 53 MA5 5.49 2 [(3.983 7.03 8.0@861. 91 3 116z
2.80 4.03 1 (032, 38 4, 17[90114 0.97 1%45 2. 727 6.05.04. 1

91 total HiWe 8 25 231448 124 85 18499 rating2¥30
o) 128\ gr3a_ 94380 exanpLiB?4 20 prepaPA?ion
~_ o4 N o rzgrl wit h l 2,25

afl oo

YA BhE ot €S 2fll. sy ﬁ 0, - ,\Z-.Z}\v - v o ’&.58
ros—aEp w;@hgéc) € J.UHIII ] — -LI : V-O’(ﬁ’.@‘?ﬁ&:’)" :’L.ﬁ
EXanpl e T WaS agdar It Tepedateu wWr t1T the exXcepr—oh—tiat

the forrmulation contained 320g of a solution of an
epoxy resin advancedOMEARATOERBXAMPLED of DI CY,

BrepABtiobs ﬂp‘%/hnd g—?lyggmﬁfaz_‘e%m rﬁﬁ%gﬁlp%efvb&gv%&cgg Bith Khospharus and

I%I S erzsa}'gt, ﬁ 2 oehm_te a acetone.”

pmga Nirgdnatg ORg"as obt ai ned for the 4-ply |am nate

and & 1L Idispmabll&@eﬂ@lr istcherged ﬁity alseloiirt@utainidfp BI@O&% $dlution of an
i e b4 : el

%?W?E?%l? %’é&@d [I‘ﬁﬁ*?‘t@l%%&%@“%’c ol it GRE (DR D528 of 2-

%‘EX]W ?F°¥’~°s 2)&‘412}%@‘31 Haiafi

N-dimethylfgmamidexSDYIRY).2 Tg phe solution is
add8B2.9g 4f PIW 260373igheSAant0BYK Chedlie§5130g 47 alinfita Bib§&ate(TS-601;
Mafidsbrl ufbi Ol 52 or aggt%&% S hniktiees BBtafed e i@kt 5500-6000
r}nlnnvxﬁth%?silgerson R5T I:.la ratory Mixer. The well dispersed mixture is applied with a paint
brushto 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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rating V-1 (61.34 see) (28.14 see) I V-0
COVPARATI VE EXAMPLE A Preparation of Lam nates from an
Epoxy Resin Advanced with Phosphorus 40 The prog?‘(w%{ h 2007
of Exanple 1 was repeated with the exception th

formul ation contained only 350g of a solution of an
epoxy resin advanced with phosphorus, 8.75g of DI CY,

9 15 March 2007 0.57g of 2-M, and 78.8g of DW. A

UL-94 V-0 rating was obtai n8dBdF5hoth the 8-ply and

he 4-ply Tam nate. Resghls of thesg U=94~test: FLAre
sunmari zed | Mhistgbitien 4.  T/AdEprAkidnST T OT3E Ighi@lBn ( ST [20dMEkition
lgnition (se¢d.7Zst Tgniti|®W (Sec) Z2nagnition ( $20)

2 1.4 94 3 9%07%6 36 1,12 P.B 03 9. 01 6L.@9 1.9 3 403

22 5 44 2 B3 4 2 69 3[9Y 3 94 0 9W.76% 6. 49 5. gAs0
‘_ol 2-26-10 ;#g\ ' 8351 25 76 1?5346 8.58 A4 ng
hIEE 97 Sepyg 0310 's‘gef} —COME 54T' E-EXAL ?@%R
%ffﬁg)dl at T on V-ﬂ?lOﬁ'@éed nl © pry— GI".I". a "_ ms 1'75,61 r=Nal P-OXY.
REST N Advancea th—Phosphorus—and—15—AFtt

Tri hydrate (50 phr). A IL disposable beaker is charged
with a sol ution contai ni ndEXRXIPLE 4 a sol uti on of an

epOXéCchll amﬁg&@%ﬁ%ﬁﬁ%ﬂf ‘%Jr% @g&ﬁﬁ? %Zﬂ«‘f‘enafgj | ma% stapilities of several
“gff'i‘% 4 ANINAES: ’}‘2‘&%“ "P{F‘?ﬂtsr@ﬂﬂﬂlf@ﬁ AEeNg Binamrgparefidrom (i) the
élvsﬁfteu basmesis of @@tdpnﬂatﬁreﬁi;amblelzﬂl’\(ﬁ)?tﬁg %@a@iﬁﬁfe%ﬁ@%ase resin with

“,{}Eﬁﬁﬁ%&% Bikbngeli3d hpgf g;?b g@ yac et'one. t1$ ﬁs&ﬁl&@ﬁ Faéne aéidmve'ﬁee

r
bags Esinay BPJQ”IS GEu oL bothnite (YarigkalBNr2). The results of
t@sbmmtabﬂwdmmmmm yre Muimarizelie Tk 6. di sper sed
m xture is applied with a paint brush to 12 pieces of
12" x 12" BGF Industries 7628 woven gl ass fiber cloth.
Each piece is hung in a waiABERRAt i | at ed oven for 3.5
anmnates at 1/0C, cool ed ancT&{ﬂ;&ém gb@)}{éﬁyu)édfﬂ 5% VV%i’ghtLoss

mmyﬁ-ﬂﬁelﬂgéﬁiﬁgM CU z:ll LI} \JU 70T C3ST 11 X
fé’éEReHhtpldét{‘S*’ [ X 10"—ptrecgs—were—stacked—one—on 25
o& oal E ot er)and st apl 8% oget her. Ei ght of the

ed one on top of the other
aResigplusBoehimite her . The 491 v stack was pl aced on a
Ticeilbbe s&h Qﬁdt @fcoMpﬁt adHRRhL HF ahin§he ﬁ'ﬁ'ﬁglfa d ‘]';Fhi@ﬂ gﬁ]duced the thermal

SEBY; Sflth\éll oubl e sheet of t
P S orbeRsign, Kb uSY aieh to Wi teation phbeshmitpresulted in a
lsméwltsmcé@kﬂ intherplabgahdlityn a doubl e sheet of DuPont
Tedl Gbmpélﬁidﬁfb%i’reﬁ kd B’ﬁcﬁé}ﬁi:czﬁ Qe &qofpﬁz}l;bn?“ﬂ&g tfis ﬁﬁ&%em whether
aced on t

m
re%rredl?o iRt smgular or plur ﬁ are i ent1 tthey exzst 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

11
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30 netal sheet covering the 4-ply stack. A third netal
sheet was then used to cover the top of the 8-ply
stacks. The entire "book" was then heated for 6q5 h 2007
m nutes at 170C in a Carver press at 21, 000psi. Hire
| am nates were renoved fromthe press and UL- 94 bars
were cut using a wet saw. A UL 94 rating of V-0 was

at.h | ami nat es.

obt ai ne ri,z
‘r"é‘ssmg?f‘seqe%?m f%@%h thp 25 eff‘efgﬂssRa g t%emisle@?@ %WH as used herein
is ARl t@edley onk-qyimyore duch stermegtsi driless ti2riekt iekpresslylinticates otherwise.

| gni t APBoARskntdBickb®M heteiPark ch%ﬁkzt%sl%%tib%%fe}‘grgg é% ﬁ)io as if fully

0.73 0.91

st ki T5s oondenos 117 3 69 total time 3,02 85 5. 54
19. 63This iy entigpn V6 Dis¢eptibl4 tosmnsiBarakle eYrialion EXAMRhEDirit and scope of the
E&%gﬂgg@ﬁﬁﬁg experinents were carried out to ascertain

e thermal stabilities of several different
| am nates. In these experinents conpari sons anong
| am nates prepared from (i) the additive-free base
resin of Conparative Exanple A (ii) the sane
additive-free base resin with 15 which had been
bl ended 50 phr of alumina trihydrate (TS-601), and
(iii) the sanme additive-free base resin with which
had been bl ended 50 phr of boehmte (Martoxal BN 2).
The results of these thermal stability determnmi nations
are summarized in Table 6. TABLE 6 20 Lam nate
1Tenperature (C) Required for 5% Wei ght Loss Base
Resin (Conparative Exanple A) 372 Base Resin plus
TS-601 (Conparative Exanple B) 358 Base Resin plus
Boehmte 391 25 It will be seen that in contrast to
addition of alumna trihydrate which reduced the
thermal stability of the conposition, the use
pursuant to this invention of boehmite resulted in a

12



significant increase in thermal stability. Conpounds
referred to by chem cal nanme or fornmula anywhere in
this docunment, whether referred to in the sing 0
plural, are identified as they exist prior to cghﬁhHCR2°°7
into contact wwth 30 another substance referred to by
chem cal nane or chem cal type (e.g., another
THARYOHEAR IS £1MIIALY: 1t natters not what chenica
changes, if any, take place in the resulting mxture
or solution, as such changes are the natural result
of Hri ngi AgubdigntBile tiafoigest five lbpd:anesia formgditivar suitablddor
the caonditions called for_ pursuant to this disol%ﬁure.

copngT IBPEIEnAREE Y FIRSHatec 1 FROXYISIR BFIGR af GPRtHET A fdudnced
wi%kﬂ%ﬁo:ggl?&ﬁgiﬁfﬂavﬁ@ gfsP%]I‘gcch »sai ESRrmERHABY, s tB&mal "sﬂaﬁi"li)tytf

erence 1s substance as It exists at the

indreavimg anséunb ef Hnelyidivided haehstite. cont act ed, bl ended or
m xed with_one or nore other substances in.accordance
w1 Rt he b esEugtion s &y g lov it spid oust 1R ranee of

abS?ﬁperQ§%béfut@Or]ﬁﬁ W S8sivO8f siatebmpoRBntd i helfermuaatisy. " an”
It and as used herein is not intended to limt, and
shol. d noA fdreudasiontas eClags 1| Whéreinrsgid anting ssio theptapgsof

or claim_.11 15 March 07 to a singleelenent to
b 1S R e e PP e BB PRy, o

"an'y i f a0domBodisasui@bRIfBr foririgt [Repteg, Jati envsIsitivne

or nore such elenents, unless the text exFressLH )
compdsinatiearsaniner oigseic reinfarcias egens in dedame of Bbers.oflasss.dpbric,

re.incorporat ed rei 110 i ; .

or i MERERP R Fihaltd s QbR B o B bindy o Claims 1
3.susceptible to considerable variation within the

spirit and scope of the 5 appended clains. 12 15,

Mar ¢h 200 comppsytionpsip Glangd mhegepy said rejnfopeing agent is in the

foﬁHBfﬁ%ﬁHe%lrlté&tirl‘ genr free epoxy resin fornulation
sur'tabl'e for ~coa '

I'ng or inpregnating a substrate,
sai . epoxy compositifaeasnig Glainesp eshyreiresiid cadpesiweis imitieform of
phosphorus and havi ng, di spgraed ip said fornul ation,
2 OYSHT PRN-VEQV&Bif1bex al CHERIEES P §la ¥ of
finejy- d'ﬂ?%ﬁ’e?ﬁﬁh&ﬂ F6m = mrﬁﬁsﬁfo%f@lhim.as in daim

1 wherein Sard Tanmount is in the range of about 10 to
abolk 50 Aprepeegfonsed fowfa ampmsitoomdéiant s in t he

fornul atipn. 3. fo | ati on as.in aim1l wherein

sai 'am)Lfg_Prqueg ﬁ@ﬁi%%@%osm&ftgl%@%o about 50
phr gxcl ug¥ap&liteRhitefial TORRANBRH S compbitioh OF TiAts. on.
4. A conposition suitable for formng a prepreq, said

conpldsi t i Arprindeshpirdust bogrd feomgd fiom deonapagiifincot Claim 6.
][ :ib P]I2g r ci A gan%%gtrétfo}rﬁ]edt oemfaoc%mp%];itiforil %? Elfatlmfi eece,
13. A method of forming a prepreg having increased thermal stability,
which method comprises:

A) applying to and/or impregnating an inorganic or organic reinforcing agent in the
form of fibers, fleece, fabric, or textile material with an epoxy resin formulation,
said epoxy resin being an epoxy resin advanced with phosphorus which
includes a solvent, and to which has been added before, during and/or after

formation of the formulation, a thermal
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or textile material inpregnated and/or coated with a
formulation as in any of Clains 1- 3. 5. A conposition

as in Caim4 wherein said reinforcing agent is,

formof a fabric or textile nmaterial. 6. Aconpé'giwl?rc? 2007
as in Claim4 wherein said conpositionis in the form

of a woven or non-woven fi ber mat coa%;l sed of gl ass

f| bétability-increasingmmaynt of brshmitesnd an whhdemplaponfe Solids
I
C Aol SISO TRY, AL CAIEAAINE Bt
d aisheefﬁ-hk&@ubs&ateoamxb& te rmt erial fornmed froma

co SltIO 11, A printed-circu

B)f or hEdHTE téat% g@&? iR AYAL %?entaegaﬁﬂﬁeéupﬁ%ezﬂ toAérIa}?( %ﬁa‘ﬁ%ﬁm
for igh e BrAUSATPARI Rt o Paially burdlihe oforiPhoa 95
for mlﬁ%ng g prepreg v‘%ﬂrﬁlg ?ﬁf ?ased tﬁlér ngeﬁ%t abi | SV
whi ¢imt egirdpoel thangmi edsndiayl eaply iy forgret droam sucxblrlmpregnated
|nprQ% atlng an inorganic or organic reinforcing agent
in CR®"H%r m of fibers, fleece, fabric, or textile
mat qgi al M"lﬁé%h(%oie@ﬂﬁﬂl ra8l§inthatcPhavitl Bt RRsed thérhfhl SRPXiYy,
resin being an epoxy reS| n advanced wi th phosphorus

whatli mbthodcomgasesa sol vent, and to which has been added

A)fb g]; %{]ﬁgﬂ%g[h I’aﬂgvo? }Elgér%%l?a%%g aTém%g%lE 0[‘2%'@91%0 rémforcmg agent in the
st alfhdnk b - | ncreasi ng amount of boehmte and in which
formul ati on the solids have been di spersed and/ or
suspended, to thereby forma coated or inpregnated
sheet-1i ke substrate; and B) heating substrate forned
in A at a tenperature sufficient to draw off sol vent
fromthe formul ati on and optionally to partially cure
the epoxy fornulation, so that a prepreg that can be
handl ed easily is fornmed from such i npregnated
substrate. 14. A nethod of formng a | am nate havi ng
i ncreased thermal stability, which nethod conprises:
A) applying to and/or inpregnating an inorganic or
organic reinforcing agent in the formof 13a 15 March
2007
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a mat of woven or unwoven fibers, fleece, fabric, or
textile material with an epoxy resin fornulation,
sai d epoxy resin being an epoxy resin advanced 'ﬂ
phosphorus whi ch i ncludes a solvent, and to whi cr? 3r°h2007
been added before, during and/or after formation of
the fornmulation, a thermal stability-increasing

amount of boehmite and in which formulation the solids

havg haep W%'V‘gx‘? &f &%veﬂ%e&é ge&lﬁsﬂﬁﬂp etﬂ"teﬁztﬂg hAeRP ¥11th)an

forma coat | mpregna eet e substrate; _
h eatepcm:gy lsesnlnsfbnmleudm mrd@poxy v@)sma:telrg aneappry adsur alvanced with

suff aw Ivent m.t he for t.ian
2ind PhstRgr Tk Belidies » ety cndso pHRctL s AR eRdte,
for mytiag wor Bfer f(s&f:atuoﬁ &ht%%nhmkﬁmp@qp&ﬁm EtBﬁi‘ht;ﬁﬁﬁréaﬁng

handl ed”easi | y formed fromsuch 'inpregnated
substmoanegf l@)ehlfndb andin whish doknudainprthe selidsthave peanrdagriersed

f sheet-lik f d B
2 S BACRE CBTREUE 1F BF Ry TOR COURSE ISP E 0 R G et
Byf or h@aﬁﬂg%bst%é fdrfic8 M A @t £ithtpetdiresBichen® Afldifar ¢ golvent
| am nat e. . A method as in aim 14 wherein said

st adtom éleffgnnui@tnom@wmnﬂ@edhoﬁo rortiallysureibe sperietorgulstion, so

o S PO HGLI TR 5 St BB Ry

when@pfegaiteg b@itriecal | y- conductive printed circui t i's
applied to said laninate. 17. A nethqod as in any o

C)d aifprning 2 sEckgempr sedsafiacplpnabityraf sheqtdike prepyegs totmed in B);
|ncr §S|ng anount is in the range of about 10 to about
I exclusive of other conponents in the

)f or mmmgmxackaommtd)md hias ternpe%rmﬁr@in@rassm fbBa tifne
wherejn said thernal | lity- i ncr easi ng anount is
in FH@CF%&EC%F"%SﬂPaB Qrﬁ“’a Watg0 phr, excl usive of

othgk  CORRRRALS ih B14ifAe 4 PhdFthRhid ek défurther comprised of one
or more sheets of an electrically-conductive material to form an electrical laminate.

16. A method as in Claim 14 wherein an electrically-conductive printed
circuit is applied to said laminate.

17. A method as in any of Claims 13-16 wherein said thermal stability-
increasing amount is in the range of about 10 to about 50 phr exclusive of other
components in the formulation.

18. A method as in any of Claims 13-16 wherein said thermal stability-
increasing amount is in the range of about 30 to about 50 phr, exclusive of other

components in the formulation.
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