E O NOV 200bi  EPOXY- STABI LI ZED POLYPHOSPHATE COWPQSI TI ONS Backgr ound of
the Invention 5 1t is known to add epoxy conpounds as sta i,Ij‘éerf.ﬁ;.,to
nmonophosphat e conpounds that find utility as functional + I st Exanpl es
of patents describing such an approach include: U S. Patent Nos.
3,637,507 to WF. GCentit; 3,932,294 to ML. Burrous; and 3,941,708 to WF.
Gentit et 10 al. A class of distinctly differing pol yphosphate conpound

is also known that has the formula: RO[P(O-OR-01 -P(O (OR), 15 OR
where n, on a nunber average basis, ranges fromabout 1 to 20 about 5,
where R is aryl, such as phenyl or alkaryl, and where R is either arylene
(such as derived firoun-SeaRIIEEFD(PPLY BHOPPBATE. SOMRASIALONE v| ene (such as
derived from bisphenol A), or alkylene (such as neopentyl ene). These

pol yphosphate esters are used, for exanple, as flame 25 retardants and as
plasticizers, for, Bl astihGSinvReYordr € prone to hydrolysis that produces
phosphori Undesi rabl e degr adat %&n 1%893“%%3' These aci d
speci ess can chusie Heeonpesidd BPOBF CPHSEET BonatE rédths. Vari ous

appr OaChesmo%%Ehgﬁ%ﬁl%El} hegnbenEokye: thed afterery 30 fentiondd probl ens of
degradation. European Patent No. 909, 790 to Ceneral FElegtric Conpany
descri bes fhedaddit esoPE gtaRYY IEEEVENGEr="“SuCh 48 an epoxy conpound, to
a conposiii[nasonprksimgetbaopol yEhosphate vakd ¢degitesin., In U S. Patent

No. 5,871,570 to T. Koyanm, a Si rralml p Gl 35 S-advocated where an
epoxy conpdfid- At ot AR Ral og%%’éﬁétlg%ded t'o a pol ycarbonate resin
conposiqgi ofg1 cont ai ni ng an

A class of distinectly differing polyphosphate compound

is also known that has the formula:

RO- [P (0) -0-R’ -0-1,~P (0} (OR}

15 ba

where n, on a number average pasis, ranges from about 1 to
20 about 5, where R is aryl, such as phenyl or alkaryl, and
where R’ is either arylene {such as derived from
resorcinecl), arylene-alkylene-arylene {such as derived from
bisphenol A), or alkylene {(such as necopentylene). These
polyphosphate estexrs are used, for example, as flame
25 retardants and as plasticizers for plastics. They are _
prone to hydrolysis that producas phosphdric acids thatrare ji
andesirable dagradation products. These acid species <an
cause decomposition of polycarbonate resins.
Various approaches are described to solve the afore-
30 mentioned problems of degradatien., EFuropean Patent Ho.
909,790 to General Electric Company describesz the addition
of an acid scavenger, such as an epoxy compound, to a
composition comprising the polyphosphate and the resin. In
U.S. Patent No. 5,871,570 to T. Koyama, a similar approach
35 is advocated where an epoxy compound not containing halogen
is added to a polycarbonate resin composition containing an

organic phosphorus-type flame retardant and cther



organi ¢ phosphorus-type flame retardant and other 1 |1) O ~1 006 .,?0
addi tives. Japanese Published Patent Application No. ﬁ/%ﬁ45qﬁpscrlbes
addi ng an alicyclic epoxy conpound to a resin conp05|trd at™dl so
contains an organi c phosphorus flame retardant. In this general approach
t he epoxy 5 conmpound is added to the pol yphosphate only after it has been
to the resin systemthat it is intended to also contain the flane
retardant. Another approach has been to add the epoxy conpound to the

pol yphosphate at some point in its manufacturing 10 process after it has
been fornmed. PCT Published Patent. Application No. 2001/ 12638 to Dai hachi
descri bes &ﬁﬁaﬂv@g Ubﬁmﬂhasahdméh@®ﬁbﬁaﬁﬁZWFﬂHG%%G%yN%md then with an

adueous a kl 0L ULLOI . UG BALEN Moos B 16/ SBrbours cKawata descr bes

treating a*% osp ate pro t wth an epoxy 15 conpound, heating the
resul ting ms)chucbmpwwhel (Fhes exfcoton kaaferan WASHR Ity PEAFSF88uUct with water,

and then 1 eMpyl Dgeod el exkduals Waheral A@p@d&aetﬁlmpbﬁﬁed Pat ent
Application 2001/ 151, 786 descri bes_an aéﬁ gnphosphate
conposi §i oronsvard| k¢ SEaRd |40, 80° P RO RAAFT i Yo?

di -tert-bufylphenyld -Redt as%{rsxaﬂrmaal 1 gliiphostpdidea emdtlsw-
epoxycycl ohexyl nmet hyl 3, 4- epoxycycl ohexanecar boxyl ate. Japanese Pat ent
Publ i cat i oRONELn bR £18%° FFF2ERBRF 15, 2001) illustrates a flame retardant

conposi tion thahotﬁ@mp@p&ﬁ&maaa@nganophaﬁdenugpennpwﬂnﬂﬂahéoan epoxy 25

conpound haying_ an_aci o n of the Invention
Thi s |nventt}‘%r¥’°rlé’P]é?fé’§‘aF8 3 5ﬁm oﬁ)’ ols“pﬁgg AGELRLLG

10 process after it has been formed. PFCT Published Patent .
Application No. 2001/12638 to Daihachi describes treating
the phosphate compound with epoxy and then with an aqueous

" alkali solutien. U.8. Patent No. 5,616,768 to S. Kawata
describes treating a crude phosphate product with an epoxy

15 compound, heating the resulting product in the presence of
water, washing the product with water, and then removing
the residual water. Japanese Published Patent Application
No. 2001/151,786 describes an aromatic polyphosphate
composition that is stabilized by the addition of bis{2,4-

20 di-tert-butylphenyl) pentaerythritol diphesphite and 3,4-
epoxycyclohexylmethyl 3, 4-epoxycyclohexanscarboxylate.

Japanese Patent Publication No. 2001/131,332 {(May 15,
2001) illustrates a flame retardant compesition that —

comprises an orxganophosphorus compound and an Spoxy

25 compound having an acid number of 1 or less.

Description of the Invention

This invention relates to such polyphosphate
compositions that have been stabilized by the addition of a
30 oertain class of epoxy stabilizer. This invention allows
for a polyphosphate/epoxy stabilizer pre~mix that can
thereafter be added to a substrate resin {(e.g., an
engineering rasin) to stabilize the final flame retarded

resin formulation.



conpositions that have been stabilized by the addition of a 30 certain

cl ass of epoxy stabilizer. This invention allows for a QQJ%QQO§@gate/epoxy
stabilizer pre-mix that can thereafter be added to a subst'¥at®@ resin
(e.g., an engineering resin) to stabilize the final flame. retarded resin
formul ation. 2 2006 3ti NOV The epoxy stabilizer of choice herein is one
or nore cycloaliphatic epoxy conpounds having a C6 to C20 cycloaliphatic
ring. They are alicyclic epoxy conpounds where the alicyclic epoxy
structural units are linked 5 through a bonding unit, which is either a

di oxane, or a carboxyl structural unit. Useful cycloaliphatic epoxy
conpounds i ncl ude: rBe derepoXxycatdh ohex pk netchpk B4 inehoepeyet ohexane

car boxyl ate, which i vai | abl -1 A02L: i 9p r bi de Cor poration
tr adenar k) "&RY © N iy 6\?9%?%%(“55(!‘5“‘861?% %;a/at@aderrcg? K); the diglycidyl
ester of hexawidpbphitchalire- afhydricde2ligliF e S8R AP HBYE "as CY-194 (a

Gi ba- Gei gy r Kol <G RYCHElahexWaTeEBYihkeadi pate, which is
avai l abl e gégégﬁg§25%£?2&%%%gﬁ rbide trademark), vin¥l cycl ohexene

di oxi de 5 ERb=4@06 ), baidiph WS toyEhighe k@ rfd thehdkiFd8*a g °F @
2-[3,4-ep04¥?%ghghgéxhﬂ§r§1§ﬂﬁ%@-t%eén§99%!$mﬁxﬁheh£x@BeYneta-d|oxane
(ERL-4234]. I'n "general, this epoxy conponent can_be selected fromthe
cycl oal i phavmeowysex Faelsder nd 4GPy AF e JBe_YP Y *Efatpl es of  such
structures é%%@yé¥31@He£§ﬂeoEérﬁ%ly@até? Ilich is available as ERL-

4221 (a Union Carbide Corporation trademark) and ARAULDITE

10 CY-179 (& Ciba-Geigy trademark); the diglycidyl ester of
hexahydrophthalic anhydride, which is available as CY-184.
{a Ciba-Geigy trademark); bis{3,4-epoxyeyvelohaxyimethyl)
adipate, which is available as ERL-429% {(a Union Carbide
trademark}, vinyl cyclohexene dioxide (ERL-4206), vinyl

15 cyclohexene monoxide, and 2-13, 4-apoxyeyclohexyl~5,5-spiro-
3,4-epoxy] ~¢yclohexane-meta~dioxane {ERL~-4234]. In
general, this epoxy component can be selected from the
cycloaliphatic epoxides (including diepoxides}. Examples of
such structures are shown below:

20
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11 CJ20C03HgOCH2 0 C-OCFl 2__aO OCF O ERL-4221 ERL-4299 OCFI \CH O
~CH=CHz O ERL-4206 vinyl cyclohexene monoxide 3 ! n NOV 210, Qd1l3 O QOO
O ERL-4234 The addition of 3,4-epoxycyclohexyl nethyl 3#4 &poxyeycl ohexane
carboxylate (ERL 4221 brand fromUnion 5 Carbide) to these pol yphosphate
esters is preferred and prevents the formati on of acidic species under
conditions of high tenperature and hum dity and gi ves pol yphosphate

esters of high hydrolytic stability which can then be added, if desired,
to resins to stabilize the resulting 10 resin. In general terns, the )
anount of epoxy to use will range fromabout 0.01%to about 1% by wei ght
of the pobyphosphata post0i on. The adm xture of pol yphosphate and
epoxy addi th usly allowed to stand at a 15 tenperature of
from above ak ature to 150C for periods of tine ranging from
about eight hours to aq% t fifteen mnutes, respectively. The stabilized

pol yphosphat e conp3§Ff? s of this invention, when treated with water at
90C for thirty-five

The addition of 3,4-epoxycyclohexylmethyl 3,4-

epoxycyclohexane carboxylate {ERL 4221 brand from Unieon
5 Carbide) to these polyphosphate esters is preferred and
prevents the formation of acidic species under conditions
of high temperature and humidity and gives polyphosphate
esters of high hydrolftic stability which can then be
added, if desired, to resins to stabilize the resulting
i0  resin.

In general terms, the amount of epoxy to use will
range from about 0.01% to about 1%, by weight of the
polyphosphate composition. The adnmixture of polyphosphate
and epoxy additive are advantagesusly allowsd to stand at a

15 temperature of from above about room temperature to 150°C
for periods of time ranging from about eight hours to abeout
fifteen minutes, respectively.

The stabilized polyphosphate compositions of this
inventien, when treated with water at 90°C for thirtywﬁive

20  days, for example, do not show an inorease in acidity thus
demonstrating their attractive hydrolytic stability
characteristics.

The present invention will be further understood by the -

Examples that follow.



20 days, for exanple, do not show an increase in acidity thus
denonstrating their attractive hydrolytic stability charfaﬁ @g sﬂaws The
present invention will be further understood by the Exa t hat fol | ow.
25 4, 0 NO V 2006 EXAMPLE 1 Bi sphenol A bis(di phenyl' phosphate), 497.5
g, having an acid nunber of 0.059 ng. KOH/ g and 2.5 g, of 3,4 5

epoxycycl ohexyl net hyl 3, 4- epoxycycl ohexane carboxyl ate (ERL- 4221 brand
from Uni on Carbide) were m xed at 40C and stirred for four hours. After
that tinme, the acid nunber was neasured and was found to be 0.044 ng of
KOH g. 10 EXAMPLE 2 A sim | ar amount of 1 Bisphenol A bis(diphenyl
phosphate), as used in Exanple Xxxrhenmi ng an acid nunber of 0.059 ng KOH g.
and 2.5 g. of DER 732 brand epoxy resin (a 15 polyglycol epoxy resin) from
Dow Chemi cal vere. m x d Wa€ fqgvfgp . heuraag After that
period of tine; SfEﬁlenOP% %R n{%}g?%gﬁﬁe%su%e b found to be 0.047 ng
of KOH g.ar2@cHydwobyt icf Stea5 ot FORS (ARflg2 Of ng%%(\;gagt abi | i zed

Pol yphogphat & . JhenByeh, 1 G, at@hidybylonbxdde sarmtxgiatd (BB~ conpar ed to
that of the untteated sampl e using the follo ”gmﬁa‘ésénd RLOE re: 25 A
1-liter re%%t ﬁra@fr@maﬁaf’@g&rﬁﬁ?ﬁ% iljon 6‘?’5‘?1%“ phosp te ester and 4

grams (1 weight% h i Shickbednwatne, HHeeacbinnniet whe is equi pped with a
mechani cal stirrer (glass rod, ;DI'EFLSJ\IéfI uogqgo%rjgon bl ade) and rubber septa

to measured and was found to

10 EXAMPLE 2

A similar amount of 1 Bisphenol A bis(diphenyl
phosphaté), as used in Example 1, having an acid number of
0.059 mg KOH/g. and 2.5 g. of DER-732 brand epoxy resin (a

15  polyglycol epoxy resin} from Dow Chemical were mixed at 40°C
and stirred for four hours. &after that period of time, the

acid number was measured and was found to be 0.047 mg of

KOH/g.

20 o
Hydrolytic Stability Testing of Hpoxy-Stabilized Polyphosphate

The hydrolytic stability of +this material was compared
to that of the untreated sample using the following test
procedure:

25 A 1-liter resin Fflask is charged with 400 grams of the
phosphate ester and 4 grams (1 waight3) of distilled water.
The resin kettle is equipped with a mechanical stirrer
{glass rod, TEFLON fluorocarbon blade) and rubber septa to
ensure an air tight system. The flask ig. immersed in an

90 ©il bath maintained at 93°C. The mixture is stirred at a
rate of 120 — 150 rpm.

The system was sampled periodically for total

acid number (TAN)} analysis. A solution of about 0.0l M

sodium hydroxide was used to titrate to a pale green



ensure an air tight system The flask is imersed in an 30 oil bath

mai ntained at 93C. The mixture is stirred at a rate of 120.-,150,.kpm The
system was sanpled periodically for total acid nunber (TAN)J % aly'sts. A
solution of about 0.01 M sodium hydroxi de was used to titrate to a pale
green 5 endpoi nt using napht hol henzein indicator (ASTM nmethod D 948). The
data is summarized in the following Table: Results 5 Tine Untreated BDP

Sample 1 Sample 2 . K~H ~~ ~  (da s) (ng. KOHL (m..KOH (ng: 0 0.059
0.044 0.047 2 0.074 4it 7 0.127 9 0.159 15 0.317 0.001 1.140 23 0.85
0.002 30 1.39 0.002 --- 35 2.07 0.003 The foregoi ng Exanpl es are set forth

to merely provide ush@gCeighahaipmeten riadi entsadi(heit sebfiod Re present
invention and, for that, reason, should,nof ;b stryed in a limting
sense. The?$PopeTdt dﬁf%tlesctsl‘l%’ﬁa’fslozﬁgh’tn i%gag}eot ?‘Sﬁlﬂ in the Caims that
follow 6 a O NI V 20106 Wat is Clainmed: 1. A stabilized pol yphosphate
ester conpashitson consisting essentially of a pol yphosphate ester
represented by the formula:

Time Untreated BDP Sample 1 Sample 2
{days) {mg. KOH/g.) | (mg. KOH/g.) {ma. KOH/g.}
0 0.059 0.044 0.047
2 0.074 {).001 0.035
7 0.127 0.001 0.475
g 0.159 6.001 0.608
13 0.248 0.0 1.147
15 0.317 0.001 1.140
23 D.85 0.002 —
30 1.39 0.002 —
35 207 0.003 —

The foregoing Examples are set forth te marely provide

10 certain preferred embodiments of the present inventien and,
for that reason, should not be construed in a limiting
sense. Tha scope of protection sought is set forth in the

Claims that follbw.



5PD-[P(O -0-R - 0--]n- P(O (OR2 ORwhere Ris selected fromthe
group consisting of aryl and alkaryl., R is selected from_gt@wragiﬁ%
consisting of arylene, 10 aryl ene-al kyl ene-aryl ene, and al RJyLI e« n
ranges fromabout 1 to about 5 and an effective amobunt of a cycloaliphatic
epoxy conposition .for reduction of the total acid number of the

. . R 15 . . . .
conposi ti on%t.—ﬁ—cm'rptm tion according to claiml1 where Ris phenyl and
-0-R-0- 15 is a bisphenol. A noiety. 3. A conposition according to claiml

where R islphené: and. - 0-R % Lgs%agee%%rtgri nol moiety. 20 4. A conposition

according to cl &i Mt WhHereP RIPeoPhenyI° ahd 6077 “a néopent yl gl ycol

moi ety. 5. A composittildn dceordichgsdhotekaian denwhesd eRbvs 2 Brrylaenol . 25 6.
A conpgsition as clained in any of Clains 2 to 5 wherein the epoxy
conposi'tion is 3,4-epoxycyc| ohexyl net hyl 3, 4-epoxycycl ohexane carboxyl ate.
7. A conpositi or@é@@-“éi"ﬁéd“i% i”ny chgfw%izai ne 2 to 5 whereint he 30 epoxy
conposition is present at fromabout 0.01%to about 1% by weight of the

pol yphosphat,e, £LQMOSL 1Pt 8om AnE YIBOSibEON8Sy Ckal R dddna any-yof U ai s 2
to 5 wherein the pol yphosphate and fe#o%y additjve are allowed to stand
toget her at-a %5<FEfer atGfe ofF r oM aBbve “ABOUT" Fdom Yenpérittite to 150C

for peniodsrofenti-meyiangiangl deonmrabality i erghbnhoursides atyauibdutfl een
m nut es, 'ég§$¥e§tdﬂée£ﬁyefggctive amount of a cycloaliphatic epoxy compesition

for reduction of the total acid number of the composition.

2. A composition according to claim 1 where R is phenyl and -0-R-0-

15 is a bisphenol A moiety.

3. A composition according to claim I where R is phenyl and -0-R-0-

is a resorcincl molelty.

20 4. A composition according to claim 1 where R is phenyl and O-R-0-

is a neopentyl glycol moiety.
5. A composition according to claim 1 where R is 2,6 xylenol.

75 6. A composition as claimed in any of Claims 2 to 5 wherein the epoxy
composition is 3, 4-spoxrycyclohexyimethyl 3, 4~epoxycyclohexane

carboxylate.

7. A composition as claimed in any of Claims 2 to 5 wherein the
30 epoxy composition is present at from about 0.01% to about 1%, by welght

of the poelyphosphate composition.

8. A compesition as claimed in any of Claims 2 to 5 wherein the
polyphosphate and epoxy additive are allowed to stand together at a
35 temperature of from above about room temperature to 150°C for periods
of time ranging from about eighit hours to about fifteen minutes,

respectively.



