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POLYPHOSPHONATE FLAME RETARDANT CURI NG AGENT FOR EPOXY

RESIN 5 This invention relates to a new use for the

type of pol yphosphonate material that is described and
‘claimed in U'S. Patent Nos. 4,331,614 and 4, 719, 279,

whi ch are each incorporated herein by reference.

Wile U S. patent No. 4,035,442 has descri bed

pol yester filanments having i nproved 10 fl ane
POISPEOHEHTCATEU ELAGE FSEABPANT OURINAMAGRER YT @h &P OXY RESTN

cycl ohexyl phosphonate), the instant invention relates

to flanme retarded epoxy conpositions, as will be

described in greater detail below. The term

" porl’yphogp’iwmabe"r%l@tase@ shepreiyFe §or ot WBAsET ued
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I'1 near phosp onates wwth [little or no residual epoxy.
oRlichepolBarsrdcaate be thsethdsnt atifimityant Jpe rrahd

eTRlatdalt fa Lng?r%gglferﬁ%nt Lonyinel BEe§e§c§l‘iﬁﬁdeﬂDXy
resin 25 cong’o& ion that can be used, for exa in
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type of flane _retarded
materials as well as those of higher molecular weight.

Shouii Minegishi describes the reaction of espoxy
compounds with phosphonates in Journal of Polymer Science,

Part A, Polymer Chemistry, Vol. 37, 859-965:

R2 R2

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 inveption 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 resgin compositions degcribed in POT FPatent Publication
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epoxy resin conpositions described in PCT Patent
Publication 1 No. WD 03/029258 where an epoxy resin
whi ch contained the type of pol yphosphonate fl ane
retardant additive that is also used in the epoxy
resin conpositions of the present invention, was
cured in the presence of a nethylimdazole 5 curing
catal yst. The conposition of the present invention

cor & -essential - £0MOoReNin caAtepexy thesin,
Tﬁ’EH %32%2(%%%8 W%l% regent? Iét fromabout 5 %tqsabout

ty@é%f wlwehgmhomattﬂ h@mrﬁofara%n@hﬁd%’rtltvﬁ
2156 sé& ho@he-gﬁc colmanesk, §Eﬂkﬂ@&saoﬂilhﬂOﬁréHﬂnﬁgen

contai ni ng epoxy eS|n such as a bis pe of
:.n&pmbcgonnes*laﬁ cwredotihefbe SFASRET th ias"“gtgﬁ'g i“ﬁ Zoi)é

cur:.z‘? J!ﬁ% ytility for the manufacture of prlnted
dards or other el ect ronic gubst rate, materials
ﬁl. an,n

of Tiateorypest (e TeRHmEFE ST SPHERGIF 606

on@hg? ﬂé&aﬁoxs%ﬁﬂﬁé%QOXah ebéx?rﬁ§dﬂn nowni&ﬂcoapgugnt is
bi sphenol A novol ak e

E es‘lmgsht ?@n‘p%lble
pmﬁﬁhrﬁés fé‘Pma#iF%‘ 50heke 3PBET nd” Fray Y b&” Ehpl oy ed,
toqg§|15 %htTEQ pol yRhesphanat.e fkmm@bmﬂamﬁncherQ

agent fornms anot her essenti addi,t fq the
nogohperder 6REERF e eP2YY ;ﬁ’aé‘éﬂntmf%\/ent i obnls?{)gegener ally

RSNy c@!y E-E:le AkeubL 9% tresiaboot %ﬁ% ginerwei ghee of
the total ight of the conposition, .for;exagpke,
tf#ar‘—ohﬁ“a%diﬁlliﬁ% iy a\ﬂb'*ﬁu‘f‘a“a‘gg?nc B9 GRE"Th " regard to
L BRAX Yo £ URRS EL@&t&oaﬂctheseMaﬁm@hs i oh thaRdtype
unli ke the | nventl descri bed ip i%oggfaqp
(fogh P& +5on PABP % B¥°620558] 3f i $°pol yphosphonat e
cdd4BEL L ORS1 AS ebbey, efsfiget iviespbenthgh ag:e'nﬂalﬁ ciPoEHe epoxy

régiggp: Compatible mixtures of any of thess resins may be
employed, if desired.

The polyphosphonate flame vetardant curing agent that
formg another essential additive of the compositions of the
present invention is generally 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. In
regard to epoxy compositions of the present invention, and
unlike the invention described in PCT Patent rublication No.
WO 03/029258, this polyphesphonate functions as the
effective curing agent for the epoxy regin.

This curing agent is an polyphosphonate composgition

having the formula:
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This curing agent is an pol yphosphonate conposition
having the formula; 30 2 00 f11 1,1 HOY+OP-OVYIT
O P-OY-H" R Rwhere "Y" is an arylene and "n" can
‘range fromabout 2 to about 30. If desired, m xed
aryl enes diols and m xed 5 al kyl phosphonates can be
used to prepare m xed products. This oligoneric or

pol ymeric grateri al has a phosphorus content of

greater than aboyt 10% by weight. The

P& gpnpnapeyépepLes—mﬂﬂﬁheHconposition conpri se

ol i goners or pol ynersijof this type that can either

contain 1@ OH end graups or not contain such end

groups. The individual polyphosphonate species that

contain -OH end groups can be nonohydr ox o 5 to
whgichy 00Xy sobstitameednd THE CEBNCES at T of

_:RoLYRhosphonat.e. sPeqk gsa i 1y1BE=€alRAS| ddmixeHat
contarn hydroxy end grou&s can range,f%%nkggggks?0@6to
a1l 1abothalR0%s BisdE Hpeh ThETERTE “nufber o
t.er m nat | eRdspoifehak NuaRdis! )hdhat ppotential |y
T%%EFEQ%%F%qfuch%gE&mbrou ?or exaggle“?fron1about

s,
cdﬁﬁ%ntooébﬁﬁﬁifeog?ﬂqﬁ%oﬂgﬁ%%? BY 19%Fermhal groups

pd h@%pﬁéﬂgﬂéokbgékéﬁyithhéEHHm@oeitiﬁﬂybem@miay
P

sphonate or by using,end-cappi agents, ' -
oAicionRyF o 25 SMOLDIT SLE TS REAT Grer age

XGOS SrdhYd &3 neoNiitAk Agswhiiolentisgused . W The t he
iéﬁyﬁiguggéggi;;%%ggﬁgdaﬁgogpecies that contain -OH end
groups can be monohydroxy oY dihydroxy-substituted. The
concentration of polyphospheonate speciss 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 o¢f 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 az
higher hydroxyl content in the final product, and wvice
versa. The preferred R group is methyl, but can be lower
alkyl.

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

biaphencl F, and 4,4’-biphenol, phenolphthalein, 4,47~
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exanpl e, in making the pol yphosphonate, there will be
a higher hydroxyl content in the final product, and
vice versa. The preferred R group is nmethyl, but can
be I ower 25 alkyl. By "Arylene"” is nmeant any radica
of a di hydric phenol. The dihydric phenol can have
its two hydroxy groups in non- adjacent positions.
Exanpl es include the resorcinols; hydroqui nones; and
disphanels, skch sasshispheaobhehol30 bisphensiowmt gid

4, 4' -bi phenol , phengl pht hal ei 4.4 - Lodl phenol
EGRYRY LGP ABRCRDI® AR R T hek

by hyd G ephemalxy1s yedurds taenovokag oy included to
phloroglucinol, with three r X¥! . 9r Qips
PREPETh T SBEETHER IR TS THe ?%Xgég%/ﬁger%n%l ecul ar
Meghény The , AL yi-ghenglaup oansz e sphendl plieajiene wnit,
1, 4- phenyl ene, .ar i sphenaol diradical unit, but it
Hud b?e*%ﬁﬂﬁ%ﬁrfggigﬁgﬁéﬁg‘gén?he pol yphosphonat e
Cur i nBe ageRphbashdohecepoxiypar egent foonpPosisPrsh B+ hi s
I nventjon can_be nmade by a gr FOHEESs vdrh)
TETEHETT G R TR WP LAy T GTor e e
dcdeesof (1)waeerdddtg chonkraraRROFLl. Bt diCabryl it i &

) he reaction of di kyl.RBosphgnakeny1,; (2)

of 5%%%?%/5 ﬁ%?ﬂ?l%ﬁgs%ﬂ%%gtggfc%ﬁ %ﬁ HO- Ar q}Pene-%ﬂ
tirdepactiansestiartdnvéat rirbondiariagas ; PYPereReY
reaction of 1+908BLA .G 1RAgsRhi LW t h repeating
n[lLJE(n%-‘lfia‘ %plg R Oélgg‘taf(l}lcltt%rg _ 1% (Pé()‘«’” )u- OeAerF/élL ene- wWith an
Pebseoveridicaihoe morditiend yde) thheracRon &% dher

&ﬂﬂg£ker£ﬁfﬂﬁégéﬁié&'HQEHYLépéHEiQé)uAﬂE%_ofeiﬁaisaﬁueéuﬁﬁwn
ol 1I'go c osph th

irgomer1 ¢ phosphite with e repeating units ngéng

QHERS) roprlene OP(IGIPRT - XK eFRATKAP AT e e
where R' is lower alkyl, preferably methyl; or (£) the

reaction of an oligomeric phosphite with the repeating units
having the structure -OP(0-Ph)-O-Arylene with trimethyl
phosphite and an Arbuzov catalyst or with dimethyl
methylphosphonate with, optionally, an Arbuzov catalyst-.
The -OH end groups, if attaéhed to Arylene can be produced
by having a contrclled molar excess of the HO-Arvlene—-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
catalyst-. The -COH end groups, if attached to Aryl ene
can be produced by having a controlled nolar excess
of the HO- Arylene-OH in the reaction nedia. The -CH
and groups, if acid type (P- OH), can be forned by
hydrol ytic reactions. It is preferred 25 that the end
-gUitpeind ddue cobegomensriab frailaty, -8 andtidqH) 1y pes.
T epoxy.tesin C i f] of seifa ity entisan
= Eﬁﬂéo‘?ﬁ fil%lgabt ir&%ggggd%éf%q\sléscﬂ%%gﬂgﬁxi liary flame
r et atdantesaddi thvertdonwek | fuatdkadi R sthatFo 9% W hg
t s 0 0 ials: auxiliary curing catalysts,
E?%/I%gresafﬁ%’??torf%gﬁgﬁh 4 reinforcing additives; m neral
fillers, such as Al(OH)3, M(OH) 2 or silica; rel ease
agents; colorants; andgthe.Like. The present invention
is further illustrate Exanples that follow 5
ExasphEorbnFheicrfesy entyriombanpet yRoephuitte Bory Wy
t.Lp thyyy phesphorat @) £2%.01 109
Pagn?lﬁn%eﬁé%{%hggﬁmg%ggfm%i1s§r)1¢nol A t){pe epox
of apicopeaglily AlYeat SPEBO) SPEX rasPar &L T 'a Tiast 6 %&P%ﬁ‘?
Al G sarml e wasy remved.from-ithevsdsteh thatchktand
was placed in a nitrogen-purged oven at 179C

. bepgipl@dness MERGFEHH R B ERPFRA PURP ATt B aRl Was “codl ed

<LO1d ORM LenpRakuE e nkhecBankok-bastness wasidhan
measured using 01 934-1 neter. The sa%

| e_was
roph flormEyaEtied Whe PArkes RAFHTESsYoT 28 28 THe?
wSaple vwas suylRrgedrid 3egiOR@sf ahiformly cured with a

hardness of 28-29. The sample was submerged in acetone for

twelve hours. No swelling or dissolution was cbserved.
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twel ve hours. No swelling or dissolution was observed.
5 Conparative Exanple 2 A log sanple of bisphenol A
type epoxy (epoxy equivalent: 180) was placed the

ni trogen-purged oven at 179C for one hundred m nutes.
Sanmple did not cure or gel. It was a 5 viscous |iquid
at roomtenperature and was conpletely soluble in
acetone. Conparative Exanple 3 10 An ol igoneric

al i phati c phosphonateretitdheExkarhulza 0 0 | H

HOBulll POBU O P-0-Bu .
" ButOPsS %ﬂﬁi? ga ) ﬁ% Rﬁpthe%F%%1§§ ol Wg??g%%xy

18651 wad naxyd egid mahmemﬁmi@@; mnpa@ﬂdﬁéc &ari erare
conta ni.n 70 w_% e resin, U | aced
BURIEH THPEReAL 150 an&QNgg hea e %Eong ﬁ%% %ne
vhab$uiunﬂqmldhkt:H&omutemn;nacuu¢ranﬁ wihecqmyéatﬁlhg
E% ct s Vi scous I|qU|d at room tenperature.

i 7e° anple 4 20 A pol yphosphate, poly(ethyl
ethyleneoxy) phosphate), FYROL PNX brand from Akzo

Nobel , was m xed w,th a QkignggggleA;dl-epoxy resin
(epoxy eqU|vaIent ture

ntay i g, 70%,of g and 30%.0f EYRAL, PNX.
M u?e erlc %ﬂg' %gﬁ%ggh at 150C for one and
one half h@urs. 5 It;dld not cure.

HO——Bu—1—0—P—0—Bu Oﬂmi——o—wﬁu——OH
L] n

R R

where “Bu” is C.Hy, was combined with arbisphenol A di-epoxy

resin (epoxy equivalent of 18C) to prepares 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

Jiguid at room temperaturs.

Comparative Example 4

2 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.

i

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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Conparative Exanple 5 A pol yphosphonate, which is the
reacti on product of 30 dinethyl nethyl phosphonate,
P205 and et hyl ene oxide (FYROL HP brand from Akzo
Nobel ) with a hydroxyl nunber of 125ng KOH g 6 was

m xed with a bi sphenol A di-epoxy resin (epoxy

equi valent 180) to forma m xture containing 70% of
epoxy resin and 30% of the pol yphosphonate. The
wisxiiel wash pliaicetiehnl am dvepogt tE50C faroxgne and one

hal.f _hour did_not .cure. A _30%
ST gh en% éFu}e o?fogmpﬁeny Het IfL:e%%osp%oﬁ)ant §§ éi/%%nd a
Heisgphend|30A df - ﬁ&omyilrgmsrph@eptﬁ(y Sqeivattewt ¥89) was

pqeat gd natanlggeaqn faox:r 198% %ﬂg_ co)nee a%%l En@cﬂgl% hg%%:t I 9@
was a viscous room t enperat ure.
dAaSnoarmiryzed by P31 NI\/R I t cont ai ned 20% of

unreacted DPMP 56% of a nono-inserted product and 23%

of the di-inserted 15 g{%# The 13C NMR and FT IR

spectra indicate prese significant anmount of

dy, t
R o R o e e S T
byl webipphentXtAIrd -ebokhergschy phmsphemat eaimed 1Bh) was
hEé%QE'aec sand Q% by nef %i}% }§’§1fah'8h Qhe@e L& gi - epoxy

resin (epoxy eqw val ent were heated at 137C for
ropéuhowas 25viFreuseddtitbh air odecttepasrarwol-i d &t wagom

rgs: it e S dah o
atng[rﬂg C?%&mso?&%%et gﬁ\ggé?%q\%gg E%néfygiég%& SSIiJPIIJ{IPI\/RS6
cAbs uroiB25 oé T b Swhdrot sande Ak el thandhargedfednd t he

p&@éﬁcMﬁsxﬁsaﬁkeﬁhﬂ“éda %EQU@QQéXtra indicate presance of
a gignificant amount of unreacted epoxy groups essential to

incorporated the product in any epoxy composition.

Example 7

A 30% by weilight mixture of the polyphosphonate used in
Example 1 and 70% by weight of a bisphencl A di-epoxy resin
(epoxy eguivalent 180) wexre heated at 137°C for one hour.
The reaction product was a solid at room temperature but it
wag 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

Bxample 8

The epoxy insertion product as describsd in Example 7
wag placed in the oven at 150°C for ome hour and then the

temperature was increased to 180°C over a period of one
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30 Exanpl e 8 The epoxy insertion product as descri bed
in Exanple 7 was placed in the oven at 150C for one
hour and then the 35 tenperature was increased to
180C over a period of one 7 hour. The resulting cured
epoxy conposition had a BARKCL hardness of 32
(measured using Gl 934-1 neter) Exanple 9 5 The epoxy
i nsertion product as described in Exanple 7 was
h@hﬁs0|ﬂ§dréﬁl&6.ﬁ§0tﬂﬁrﬁﬂdpﬁicy(eﬁbmpbiit#éiﬁHhEQ AEHREKGL

bl end cont ai n| n% o ATH b%(\;a\gg g{wt and,38% of the
bep&EP c 8impdsi T8 ur% éiﬂéﬁg evaporat Fod under
reduced pressure 10 and resulting paste m xed well
and cured at 150C for enewikoar foll owed by a gradual
tenperature increase to 160C over a period of thirty
m Nuies epdhe :ﬁa@&ubhbzﬁ]@r@uﬁeﬂ epdrycridenposi Exawlkad a

BARKCL har dness o a Y. ars
A TP oD U e Hee S PTEGN T o Ere o it £l e
doRt @&GAhENe2amdHe Bybwat—:ghtwaﬁcﬂ] B06E ppm @!fpoxy

t hyli,m dazol e and 1000 mof tr
‘12’613%%75118% WS 8P apatatt ﬁad%eru un%gp %Fgg re Sgﬁﬁl
asanplal ety eth=atk H38E1 fm@rllomi oued dheSPES U nge
1G4 e 5ok corbosilon had. A, B8RKL hardogsss ot 25

POXY Tesin conmposition conprising
c@fAr ep@ey ip@siin tandty minutes. The resulting cured epoxy

composition had a BARKOL hardness of 52.

Example 10

The epoxy insertiomn product as described in Example 7
dissolved in acetcne 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 ©f 25.



as the effective curing agent, an epoxy-reactive
pol yphosphonat e wherei n the pol yphosphonate has the
formula 0O Il " Il HOVY40-P-0-Y O- P-0-Y-OH I RR
where "Y" is an arylene, "R' is an alkyl and "n" can
range from about 2 to about 30 and excl udi ng presence
of additional catalyst. 2. A conposition as clained
Wej@la@mai m 1 excl udi ng presence of additional co-curing
agent. 3. A conposition as clainmed in Caim1 wherein
t he epoxy resin conprises from about 50% to about
1. 95040 bgpagei giveLof cotwsitoval CUBitghtndfat hgpoxy resin and,
conpbsi then. 4 rept cnpoSiiiten ad9¥ltai medl i n SePAT TRepCtive
wheP @} PP RN EPGRY " RESIER CRO M VRS HPBHES 2o TD b B2
wei ght of the total weight. 5. A conposition as
claimed in Claim1l wherein the pol yphosphonate
conpri ses fram aboul; S%fi’o about 50% by wei ght of
t heptot OABiE@}h-b—O—&—I—b%—Q—Q«C@-QSj’I—L(Q{] 6. A conposition
as cl ai ai mia wherein the pol yphosphonate
conpri ses frq{m 10%to 35ﬂ/oby wei ght of the total
wei ght. 7. Use of an epoxy-reactive pol yphosphonate in
an epoxy resin conposition as the curing agent for
thew*é%:@x Ir e&F Prarfd YOSe®: i 1t HE aPserive %’r“ dcatal Lange
8. aéE%‘r‘tdl @g FB ath 739 n ¥ SbSEHCEdof PresEnce
co-¥UHiMG agert*1YY - Use of an epoxy resin conprises
from about 50%to about 95%

2. A compesiticn as claimed in Claim 1 excluding presence of
additional co-curing agent.

3. A composition as claimed in Claim 1 wherein the epoxy resin
comprises from about 50% to about 25%, by weight of the
total weight of the composition.

4. A composition as claimed in Claim 1 wherein the epoxy resin
comprises from65% to 90% by weight of the total weight.

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

7. Use of an epoxy-reactive polyphesphonate in an epoxy resin
composition as the curing agent for the epoxy resin and use
in the absence of catalyst.

8. Use according to Claim 7 in the absence of co-curing agent.

9. Use of an epoxy resin comprises from about 50% to about 95%,
by weight of the total weight of the compesition accoxrding
to claim 7.



by wei ght of the total weight of the conposition
according to claim7. 9 10. Use_ of an epoxy resin
conprises from65%to 90% by weight of the total

wei ght according to claim7. 11. Use of a

pol yphosphonat e conpri ses from about 5% to about 50%
by wei ght of the total weight of the conposition
according to claim7. 12. Use of a pol yphosphonate

10co rlseiégrom 10?558112‘?%[’%5?% ’tg_l%fté f the ot bIy welght
poI h&?pﬁ% Wtcﬁ‘cﬁ th?et?o?lrﬁﬁma O O 12!

HO- Y- LO- OYLOPOY—OHI i RR where "Y" is an
aryﬁjsee Rodi5pAR Bl and. . rI?LsegaEr(g Ng& ff@mt@b%%u
o df §§ SP% :ﬁ él q%t Ee% "? 5&9%511:10;:1

cat é’o%h;ﬁ&cc%r hDg, t0 cI aim7/. 14. A met ho for curing
and/or flane ret ardl ng an epoxy resin conprising

addi ng an epoxy-reactive phosphonate conposition, as
12t heysol gr eff egdiip@ospidRgcageBbri db:  The nebhods 353 by
acc@didinRgot a-rel abfMl4e i yherL cbhaihe tepexym reactive
phosphonate is added at a tenperature bel ow about
140C. 10
13. Use of an polyphosphonate which has the formula

; g
li -

HO—Y —-0— P— O ¥ - O P—— O—Y —OH
l_ | J n |
R R

where "Y" 1s an arylene, “R” is an alkyl and "n" can range
from about 2 to about 30 and excluding presence of
additional catalyst according to claim 7.

14. A method for curing and/or flame retarding an epoxy resin
comprising adding an epoxy-reactive phosphonate compesition,
as the sole effective curing agent.

15. The method according tc claim 14, where in the epoxy-
reactive phosphonate is added at a temperature below about
140°C.
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