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WD 2004/ 113411 PCT/ US2004/ 016459 PCOLYPHOSPHONATE

FLAME RETARDANT CURI NG AGENT FOR EPOXY RESIN 5 This
WO pnentidon rel ates to a new use for the type OPCT/US2004/016459

pol yphosphonate nmaterial that is described and clai med

in US Patent Nos. 4,331,614 and 4,719, 279, which
POLIPHOSREDNATIEC G120 (Reeh AlRSAGIN cok ive! alcen@e FofiHdxY REsTN

patent No. 4,035,447 has described polyester

filaments having inproved 10 flame retardancy due to

use of a poly(n}phenylene cyclohexylphosphonate) t he

in t ion._r S 104 flame ret e

connedi { Pt B 460 PERTR Tredtin et

po lbghowzﬁﬁha tee mat'erdlajp hbaphasakiescas bese @.nd" 1R ifndcB in
to_be construed as coverin oI| onerlc phosphonate 15

U-ShafarrarsNgs -wéi 3 3ds Sifoss ahé’ﬁ o W Fha 2 BiRe i agtRh
incObRBirh tMinegr-ehin %@S&féf%%nt:%e f@ﬁﬁ&' ORy %f. H¥ohe wo.
conmpounds wi th phosphonates in Jour nal PGl ymer
4,085 6AdehaspPdetsciibed yamilye@mem $tidpmevitls. }&Krlzﬂﬁﬂﬂﬁﬁzﬁved
H O.CCR O P~ ~
flafls BebapireRy $U8 KOOPCRS RIPORY B RARYISHS 1 s
cyc@6hbxyashbepRloRRde ,P AT his€ ahitN@ Ak, RRATRN GRALRS M
little or no residual epoxy. Such polyners can be used
flame rgiairfrde SPPRFyY CompOSisiapdanes. Wltﬂé breesi@rﬂcrlbed in
n el.at to “ &J on
grepfar BeRAAI ERIEw | OrHl TREHY LB BRI R g ueea
hereln is to be construed as covering ollgomerlc phosphonate

materials as well as those of higher molecular weight.
Shouji Minegishi describes the reaction of epoxy
compounds with phosphonates in Journal of Polymer Science,

Part A, Polymer Chemistry, Vol. 37, 959-965:
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His goal was to prepare polymeric linear phosphonates with
little or no residual epoxy. Such polymers can be used as
additive type flame retardants.

The present invention relates to an epoxy resin
composition that can be used, for example, in printed wiring
boards for electronic applications. It represents a new
embodiment, for example, over the type of flame retarded

epoxy resin compositions described in PCT Patent Publication
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boards for electronic applications.' it represents a
new enbodi nent, for exanple, over the type of flane
WO edoanitlgdl epoxy resin conpositions descri bed PCI/BPEM04/016459
Pat ent Publication 1 WD 2004/113411 PCT/ US2004/ 016459
No. WD 03/ 029258 where an epoxy resin, which contained
No. tv\ﬁﬁ 03MES 2fs RpharhasP e d i, rvéth Bl agtn ettt éd viehe
that is also used in the epoxy resin conp03|t|ons of

type Inf m@&mhosnhmw oitam@mrehprdpnt addli bl et oS a
zoI C [

2159 Rt dBbe? ROl ore i [ RISLe HE 56 S pipbest

invaii s e bas %U:B@@X:yn rise rprddersce onpomeneéthplipidszplte
at fromabout 50%to about 95% by weight of the

Cur%%ﬁeﬂaﬁﬁ%¥ﬁﬁ of the conposition. This conponent can be

?:EEW nggncgﬁt@h@|§Eb§%ﬂ%y1ﬁ@§hﬂloﬁU@Bnﬂélﬁs, as

bISp enol™ A- type of epoxy resin, or other resins of

one tés semeiwl atonypreent haan h%m,axmmﬁsw f oFhipecomponent is
manuf act ure of 3o mnrln or

PregsRlt3on Eoﬁuﬁgngtég PR ? tV%éBﬁ%fOE the

tot@%aﬁﬁiﬁhtbbﬁpBEEOboﬁpQ@QﬁyonphemnisCcﬁmpehahtepanybela
cresol novol ak epoxy, and/or bisphenol A novol ak ep ng

nonfhglﬂg?n ConbalPrbRg APREYir EeSHR: afiycBf 2EhashiFREFAS

enpl e S
typ?l%%e %%rdan?géu#¥ng€§één?esﬁﬂg B?o¥ﬁ59a§%?@g%§ cyee
tha€shenéi atiaddit foe ahetmanuﬁapburE|oﬁspuﬁnthé w2@ing

present invention is ener || t at .f t
boabis 1 6% aBbHFE 0 PCbyOROrQRIDOFLPRE FOERF SHAFGRE SPAMnSYP
(fo%ogygﬁbiéonblsﬁﬂénglaﬁpéﬁox§rOﬁhéﬁamﬁclﬂ%Wanﬁb@@bxyl

5% weight. In regard to e { conposi tions of

crebbi poeeéak epwsynland/andblgphen@ Aenpiypdal GROXY

es
resgnsgtlbggmbgtgglepgaﬁghrg%bgkcatIo%fN%hese resins may be

employed, if desired.

The polyphosphonate flame retardant curing agent that
forms another essential additive of the compositions of the
present invention is gemerally present at from about 5% to
about 50%, by weight of the total weight of the composition,
for example, from about 10% to about 35%, by weight. 1In
regard to epoxy compositions of the present invention, ahd
unlike the invention described in PCT Patent Publication No.
WO 03/029258, this polyphosphonate functions as the
effective curing agent for the epoxy resin.

This curing agent is an polyphosphonate composition

having the formula:
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25 WD 03/029258, this pol yphosphonate functions as the
effective curing agent for the epoxy resin. This
weegng4agent i s an pol yphosphonat e conposi ti OPCT/HS20041016459
the formula: 30 2 WD 2004/113411 PCT/ US2004/ 016459 11
11 HO Y+O-P-O Y-OtP-O Y-OH R R where "Y' is an
aryl ene %gd "n" can ange fromabout 2 to about 30
esir m_xed es.diol s and m xed 5
HO— aYk%F@ho pHImt e e@%’%'ﬁ@ geof%o prepare m xed
productsR Thi s O|Ig¢ﬂEflC or polyneric material has a
phosphorus content of greater than about 10% by
wei ght. The pol yphosphonate species in the
whef@npﬁs'IéOangﬂyiéﬁg aRd | SQMBE Sn OLaRQLY FBER 8botiBi 8 to

type that can either contain 10 OH end groups or not
abogbni @i n Sﬂcﬁeende@rompsedTheylenaﬁvﬂu9&$ and mixed

t t t
GRS RBIRRRh 53 G kot s Pkahle; Fikeq opfues.
Thlgoapfgéﬁéiienoefpemymebﬂsph@ﬂatEaspnasea phokpRorus

conposition that contain hydroxy end groups can range
Cont¢@h19609¥8299§tBhaESaBBBEt19@0@PYbﬂ§é€hEponTPﬁe tota

n Se
p°1%§$§%? ?LS Q%Fg&h ﬁsgg en%ggFgﬁggg fopggggnple,
oli@bmarabeutpSIthesabﬁuthieowypéhehaunben efi t@elr contain -
term nal groups can be controkled bg t he rat&
OH gR{| gReUPE °phBSEhERRERBr SHFRUSPH §ﬁ&P8app|ﬁ§ agent s

ind$¥¢8ud? bBl?bﬁbsggoﬁaQ§DB§E@§es|Ehhhecgﬁkﬁﬁh Ca%e endf
excess arylene- containing diol is used with the

groppssphgnbeempeagydmoxyopr dihydroxy-substituted. The

concentration of polyphosphonate species in the composition
that contain hydroxy end groups can range from about 20% to
about 100%, based upon the total number of termination ends
(“chain ends”) that potentially could hold such end groups,
for example, from about 50% to about 100%. The number of OH
terminal groups can be controlled by the ratio of arylene to
phosphonate or by using end-capping agents such as triaryl
phosphates. In the former case, if excess aryiene-
containing diol is used with the phosphonate reagent, for
example, in making the polyphosphonate, there will be a
higher hydroxyl content in the final product, and vice
versa. The preferred R group is methyl, but can be lower
alkyl.

By “Arylene” is meant any radical of a dihydric phenol.
The dihydric phenol can have its two hydroxy groups in non-
adjacent positions. Examples include the resorcinols;
hydroquinones; and bisphenols, such as bisphenol A,

bisphenol F, and 4,4’-biphenol, phenolphthalein, 4,4’-
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exanpl e, in making the pol yphosphonate, there will be
a higher hydroxyl content in the final product, and
WO R@e/1134et sa. The preferred R group is nethyl , PONUSIHA016459
be I ower 25 alkyl. By "Arylene" is nmeant any radical
of a di hydric phenol. The dihydric phenol can have
th:rdda.nhmdsw;jrcm(w o mm@-ﬂQPMPIER}}@ee nt® pEakh 6=H'$°“nt of

| es i.ncl ude th sor ¢i nol ﬁg@
P°]t¥ IR |sph£en &S%Oé/’gr land’ with

thred o®i MbEL OhydBRBFI0| fddise etieredind’ card nw ﬂOﬁMddécB4’dd
PCT/USZOO4/016459 t hi odi_ pheno

ingrepse the WWH?MI welghiel | TherATLeRe FRPyRRT O
1 ?:?g%%lé HEh £Sy2 éﬁeorophzlh%f ﬁ&&@fldlﬂ&fcal unit,

mof e hy groups therei'n can be incl uded

butcntLﬁsrpﬁeﬂetﬁhlmnle&tphenymegat The Aryl ene group
can_be 5

, hen henyl en o[, & bi spheno
i o e Limn berhane o renting cratnf for *End GhSpE At
coﬂﬁ@sﬂ@i%ﬂh8§peﬂﬂ§tfh@éﬁtﬂ@na@&ﬁtbéqma&QEbfp@%y 6£Ss€veral
conposition of this invention can be nade by any of

roeeeeraKl)rbbeeseaﬁt§°mh@fr%ac3P%ﬁlzﬁW¥ﬁhIﬂﬂjéﬁy Qfyor a
10
R AL e RN AT

thgiﬁaﬁaﬁhoﬁ|Bylahﬁﬁ@h@ha&BkprHéQphbh;te, preferably
nmet hyl phosphonate, with HO Aryl ene- OH ynder
meFP&ﬁEbQFEPPPPEStrUﬁtéoﬂﬂr%F8ﬁ§ne(§¥ BRE€SFeaction of an

trghkggggkiﬁl%ge§eﬁ'ESn&iEEoﬁgpeﬁbbnthnkéﬁcﬁiohth an

structure Aryl ene- with an Arbuzov
olmgameamgephpsphatalysth reheatiry ipitswef shRyptructure -

oepgL5 AR B i B, ) sk B5bBofledle papeayer
whibbe R/br H%t BbRerOR1 D) - PraEyk-aBeyWnklhi/Li; meikhyl) the
reaction of an oligomeric phosphite with the repeating units
having the structure -OP(0O-Ph)-O-Arylene with trimethyl
phosphite and an Arbuzov catalyst or with dimethyl
methylphosphonate with, optionally, an Arbuzov catalyst-.
The -OH end groups, if attached to Arylene can be produced
by having a controlled molar excess of the HO-Arylene-OH in
the reaction media. The -OH end groups, if acid type (P-
OH) , can be formed by hydrolytic reactions. It is preferred
that the end groups of the oligomers be mainly -Arylene-OH
types.

The epoxy resin composition of the present invention
can contain optional additives like auxiliary flame
retardant additive as well including the following types of

materials: auxiliary curing catalysts, fiber and/or cloth
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phosphite and an Arbuzov catal yst or with di nethyl 20
nmet hyl phosphonate with, optionally, an Arbuzov
w@aiwallysttr. The -OH end groups, if attached tPRCHUyi0041€16459
can be produced by having a controlled nolar excess
of the HO-Arylene-OH in the reaction nedia. The -CH
remﬁ;b:gnmgasa,dd:ft:amsi miperf: GH)lemwsan decH crsTeRll CQH);;,
ti ¢ reactions. refer ed 25 that t
vg Pliostopiingas FaiRare BESHEFYI FoLAFTRERS. aRd (ed .
TheriRPp @ee B MAAMIAYE 1) QAirdlis HeSerd t W@ By Ofhe
can contain optional additives |ike auxiliary flane
Exammlasdfiatad@ltliore as wel | including the foll ow ng
types of 30 materials: auxiliary curing catalysts,
fiber and/or cloth 4 WD 2004/113411 PCT/ US2004/ 016459
rei nforcing additlves Ekaspak fillers, such as

A%éC}% Ng& or S|TTEH_—F§Tease agents;
TBPoREAFEme a°?ﬁ€ PPPczph?ﬁéhﬁpeg@nﬁurwgnﬁssﬁt. dpoly (m-
phé‘ﬂiflté'h% rid dESid Y fthdis dde(2 Pl & d Nl d oV, Po.1 g

le 1 The aforenent|one ‘polyphosphonate curi ng

of égeanhe(qqil Y mygsherpd=ene( ewsidy | sshoisilceTdt 2) X 0). 1tg)prepare

B0, a0 o R ety e M, S e ter

. bau%hl(a:gi SR AL e rle{rwqﬂléfdaaﬂ PSd &ven Dat ciyomd A

was placed in a nitrogen-purged oven at 179C. A
S ampylfp | WA shaepBiRsy af bt aring e tdnntre andiiesecoebed ebo

rocI‘n? td %gtﬁf@eer até{egsﬁfw&nlst at&ocin#]ﬂ %Pa? Stl'\:{\a@ﬂq Iaegsured

neasu usi ng er
us::urg fair rd34 ek ant & h Thel 5s das Xk agss Ofn:ﬂi&aﬁﬂly TdEl@red with a

| e was subnerggd i n acetone for .
hardness of 28- he sample was submerged in acetone for

twelve hours. No swelling or dissolution was observed.
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twel ve hours. No swelling or dissolution was observed.

5 WD 2004/ 113411 PCT/ US2004/ 016459 Conparati ve
wex@apla1? A 10g sanpl e of bisphenol A type epP&EUS2004/016459

(epoxy equivalent: 180) was placed the

ni trogen-purged oven at 179C for one hundred m nutes.

Sarrpl e did not cuﬂempare,eli.vel Exemple 2 viscous liquid

oomte er at | et el soI uble in
8n3 Egﬁ‘pg a#?‘%@ 8\#;?%1:@? 0SRA*Y! i(GBAEY (‘?qu”alent
18@' Imtplcadﬂwaﬂ{@&ﬁt@rcs&eﬂ%fggmxaen QO 1799d for one
HO- B+0- P- O Bu- O P- O Bu- R R where "Bu" is C4H3, was
hundyiast auguhias aﬂﬂl@p}%r@dmw @& \Pr 1gst n Tepexs a
, f X ontAi Ni
S S STo Aok GBS Tl Y SSUALILTY
s0laibS 0@ arwbtwass heated for one and one half hours. No
15 curing occurred. The resulting product was a

viscous liquid at roomtenperature. Conparative
Exanpl e 4 20 A pol %ﬁe &gg%%teh)gl et hyI eneoxy)
phosphate), FYROL ,
X b| eRox

g%qluss'%i gltrtll F ng lFoP%ogp?h gﬁ%al ﬁ’u‘ﬁﬂ;‘lf‘o%
of epoxy (De3| n and 30% of FYROL PNX M xture

pl d | t IN50C for_one and one half hours.

H 'F%Ql rrpQr aBHHExanpl e5

where “Bu” is CyHg, was combined with a bisphenol A di-epoxy
resin (epoxy equivalent of 180) to prepare a mixture
containing 70-wt% epoxy resin. The mixture was placed in an
oven at 150°C and was heated for one and one half hours. No
curing occurred. The resulting product was a viscous

liguid at room temperature.

Comparative Example 4

A polyphosphate, poly(ethyl ethyleneoxy) phosphate),
FYROL PNX brand from Akzo Nobel, was mixed with a bisphenol
A di-epoxy resin (epoxy equivalent of 180) to form a mixture
containing 70% of epoxy resin and 30% of FYROL PNX. Mixture
was placed in the oven at 150°C for one and one half hours.

L

It did not cure.

Comparative Example 5

A polyphosphonate, which is the reaction product of
dimethyl methylphosphonate, P,05 and ethylene oxide (FYROL HP
brand from Akzo Nobel) with a hydroxyl number of 125mg KOH/g
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A pol yphosphonate, which is the reaction product of 30

di met hyl net hyl phosphonate, P205 and et hyl ene oxi de
W@ BPROL34HP  brand from Akzo Nobel) with a hydrP&yiS2004/016459

nunber of 125ng KOH/ g 6 WO 2004/ 113411

PCT/ US2004/ 016459 was m xed with a bisphenol A
wasg]imigirsk wirtdsian th@lobcﬂlid@mxﬂ&ﬂésimd(??/xﬁ .

mi xt aini ng 70% of, epoxy _resin an % 0 e
eq‘blo‘f%/l;%ngtsglh%r?att@ %?n?iﬁﬁ u’f/%sc"rb'i‘%l‘c%’dﬁ n’ 3h Qv erPHFY
resi)Gdd B e AthO o NgpHodinbifatd ! Bhdlifh POhr& Wids

Exampl e 6 A 30% by wei ght m xture of di phenyl .
pPlagadithIids RaTataE 43P Endox snspradolong dialdpdonnsesi Lt
did SRV ivalent 180) was heated at 150C for one and

one half hours. Reaction product was a viscous |iquid

at roomtenperature. It was analyzed by P3"'NMR |t

cont ai ned 20% of unreackgdmpP¥Pe56% of a

nono-i nserted product and 23% of the di-inserted 15

pr oducfsy bihGred e MM ANk e |3 T E}né.t[al‘g}%g@&cg%%?&nate

presence of asignificant anou of” unre .
andyrep lpissrdeswmit iZaldit-cepoxye argunimat expdxhe qg;mdw::limﬂ BEY) was
0 c Qs tion. 20 anple 7_A 30% by wei ght |
he%%fﬁlﬁte%g%b ?h%oﬁof’?ﬁhﬁg‘éhg’%% Bade§orR S - Ex RFRE 1Pmand
prdﬁﬁ%ﬂﬁwagﬂéﬂuiéﬁod%kﬂﬁﬁﬁﬁﬁ“&t/kégmfﬂgﬁﬁéfé%ﬁfb.(epg%ywas

equi val ent _180) were heated at 137C for one hour.
anafiyzede it iFon Phodudit veentrismd R ebhomtenpeedtDPMP 56%

' . lete ol.uble Jn l.or of orm or

of ¥ ndrlo; 1SR o8 il 18 g el B AdAr pa

praghasphormies ‘f@nmiRedndURT haRgefecerd 1HQiEQEL PREsence of
reacted with the epoxy 30 _

a significant amount of 'unreacted epoxy groups essential to

incorporated the product in any epoxy composition.

Example 7

A 30% by weight mixture of the polyphosphonate used in
Example 1 and 70% by weight of a bisphenol A di-epoxy resin
(epoxy equivalent 180) were heated at 137°C for one hour.
The reaction product was a solid at room temperature but it
was completely soluble in chloroform or acetone. It was
analyzed by P?' NMR. About 52% of phosphorous remained

unchanged, and the rest was reacted with the epoxy

Example 8

The epoxy insertion product as described in Example 7
was placed in the oven at 150°C for one hour and then the

temperature was increased to 180°C over a period of one
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Exanpl e 8 The epoxy insertion product as described in
Exanple 7 was placed in the oven at 150C for one hour
w@ea4tiam t he 35 tenperature was increased toPABOS2004/016459

over a period of one 7 WD 2004/ 113411
PCT/ US2004/ 016459 hour. The resulting cured epoxy
houQnpTakt reauladng BAREA epoxydcespoafi tidn( heak W GARKOL
using A_ 934-1 neter). Exanple 9_ .5 _The epqxy
harfReaR Pn gt SAEAEUESLSEPEh Gt PHEMRE - vas
di ssolved in acetone and m xed with ATH to nmake a

bl end containing 62% Agwlgvefgght and 38% of the
epoxy conposition. Acetomewas—evaporated under

requced pressure 10 and resultin aste.n xed [ ] nd
(o SrBhED L Y o iRt i i UR e S st 7

wad AiRebalidde inhFRAThd AnlbaExcdVith PIH b fakdid lend
m nutes. The resulting cured epoxy conposition had a

congARREPIh AR &FE &y 3Eigis Brshpise pF e
cofALLID PAOMER E5, e R Sonl & e splase

andratelyllitringa 2@l st ea ml XD rgdfimaaid tauyeikead JHOSSpflore one
20 Acetone was evaporated under reduced z?ressure and ‘

hougy ftdovssh &Y & IR FHICTRETHITES THIETSARIR thhgt®0 ¢

ovelUL SRS o € WIS inphdiad a BARKGe RANINES c@fedSepoxy
8 WO '2004/ 113411 PCT/ US2004/ 016459 W Caim 1. An

compemiyt hogs ied enFFRRAlohasingsssiafy n epoxy

Examgle 10

The epoxy insertion product as described in Example 7
dissolved in acetone and combined with 1000 ppm of
methylimidazole and 1000 ppm of triphenyl phosphine.
Acetone was evaporated under reduced pressure and sample
cured at 138°C for one hour. The resulting cured epoxy

composition had a BARKOL hardness of 25.
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resin and, as the effective curing agent, an
epoxy-reactive 5 polyphosphonate. 2. A conposition as
web@imi4sm Cl ai m 1 wherein the epoxy resin conpeCi/BeR04/016459

from about 50% to about 95% by weight of the total

wei ght of the conposition 10 3. A conposition as claim
We €CDhafhai m 1l wherein the epoxy resin conprises from 65%
— to 90% by weight of the total weight. 15 4. A

conposition as claimin daim1 wherein the

PO YPhRsPBRHRLe QR bShpol &eﬂbﬁbeahp&’os&aga_aayepé&%@

by weight of "the total weight of the conposition. 5.
resdncanPosasi bheasfkatavencaranm agehtr eRn epexyoreactive

0 hosphonate conprises from 10%to 35% by wei ght of
pd?ﬂjé‘xg?g?gﬁgﬁm ght. 6. A conposition as clained i % any

of Cains 1 to 5 wherein the pol yphosphonate has the

formula 00 Il Il HOY+OP-OY-O P-OY-OHR R 25

whére Aycompogatipp afecand™ A CaRiFadg¥beréitalkdst SPOXY

resgg chBHEsgg'f§gm9about 50% to about 95%, by weight of
the total weight of the composition

3. A composition as claim in Claim 1 wherein the epoxy
resin comprises from 65% to 90% by weight of the total

weight.

4. A composition as claim in Claim 1 wherein the

polyphosphonate comprises from about 5% to about 50%, by

weight of the total weight of the composition.

5. A composition as claim in Claim 1 wherein the
polyphosphonate comprises from 10% to 35% by weight of the
total weight.

)

6. A composition as claimed in any of Claims 1 to 5

wherein the polyphosphonate has the formula

0 0
I I
HO—Y—{-0—P—0—Y—0-}-P—~0—Y—OH
R R

where “Y” is an arylene and “n” can range from about 2 to

about 30.



