19 DEG2 0 0 8 LOWACID TY PHOSPHATE ESTERS Aromatic ol igoneric
phosphates, which are used as 5 flanme-retardants for thernoplastic resins,
are made by reaction of POC13 with a bi phenol followed by reaction with
phenol (or by the reaction of diphenyl chlor ophosphﬁggggm{:t@ﬂpa bi phenol) in
t'he presence of a Lewis acid catalyst to thereby produce trude phosphat e
product. Usually, 10 extensive washing of such a product is needed to
renove the catalyst and other acidic inmpurities that may negatively

i npact the properties of polyners (i.e, polycarbonates, = polyesters, etc.)
in which the phosphate ester is placed. Alternatively, the use of epoxides
after renoval of the 15 catalyst to decrease acidity has been described in
U S Patent No. 5,616, 768 &9d 3 PRIAREIBSIARE Patent Application No.
PCT/ U502/ 03522, filed Feb. 8, 2002. It has been found that oxetanes are
effective in decrﬁgasitqg t he aci.di Ly oﬁ tsuchhp osphate esters. Moreover,

20 it has al so bedh Found  tHT 4R BXEPEHES t rRAFRFBHEEShAt e ester showed
superi or hydr 6laps-cegirdbnty fyr ihemopdapounciedns watrh readgody car bonat e/ ABS
resin. Wile Lo.iBRIENbodR. with 1028291 [£AGHES L6 50PRINRL40n of neutral

esters of phosphorous aci d (i.e., phosphites) and oxetane conpounds in 25
pl astics, parPPeitaftsy PBotircatardmat of dirherids hkncoBirfpBate *EWe conbi nati on
of phosphat e estghsnandinxekapeseoidofindsewisl BeiphaspRat eecest er can be

represent ed b¥hérba%y gr%lzigclilal aa: cgde?’g\osphate product. Usually,

1t  extensive washing of such a product is needed to remove the
catalyst and other acidic impurities that may negatively
impact the properties of polymers {i.e, polycarbonates,
polyesters, etc.} in which the phosphate ester is placed,
Alte:natively, the use of epoxides after removal of the
15 catalyst to decrease acidity has been described in U.S
Patent No. 5,616,768 and in PCT International Patent
Application No. PCT/US02/03522, filed Feb. 8, 2002.
It has been found that oxetanes are effective in
decreasing the acidity of such phosphate esters. Moreover,
20 it has also been found that an oxetane-treated phosphate
ester showed superior hydrolytic stability when compounded
with a polycarbonate/ ABS resin. While U.S. Patent No.
4,102,859 teaches the combination of neutral esters of
phosphorous acid (i.e., phosphites) and oxetane compounds in
25 plastics, particularly polycarbonate, it does not suggest
the combination of phosphate esters and oxetane compounds.
The phosphate ester can be represented by the

formula:

0
30 ArO— P-lo—R-0—P—Ar
o onf_



AAO ? O-RO-P- Ar OA~ OCAd n 11 9 DEC 2006 where Ar is an aryl

al karyl group, Ris an arylene or

to about 5.

bi sphenol

| ess (for
of KOH g.

and this can ggsil boidL an H8STsASExLAAf LAk retiar dangy

A

Representative R groups include noieties derived from

resorcinol, or neopentyl glycol. 5 The f?ltﬂ r&%er of the
phosphate ester used in the present invention is. abéu E I

or

bKoH/ g. or

al kyl ene group, and n can range fromO

exanpl e, about 1 ng. of KOH g. or less, such as about 0,5 ny.
| ess). When the acid nunber exceeds about 5 ng. of KOH g., a
| ar ge anobunt of oxetane nay be needed to 10 obtain the desired | ow acidity,

or

8

oxet ane conpound of the present invention is a conpo nd‘tehaw ng one or
oxet ane gr oup&lEfiEnr IroBpraddent¥d BPIehEgeleicarbett deture: R\ Ra R Rs
15 | RepRBeabdi@e Sit Ighetip @ncRide MEeal&:s thei-sAErad different and
can be sel ect ggl fhr om t}ydgg en. al kgl or s;;cbztélt ut ?Sdgl_ kyl, aryl or

R p Rn

substituted ar yf‘?

' neopen

eﬁ)‘?arml es of “such compou %

of
I"nc

to?? resin. The

nore

3- et hyl - 3- Hydr oxyfbe pdidoxetanec] GXF -FHOsrimtanth te20usadaith atilee from Toagosei
Co., Ltd.); 3pebdvh- BivehtPHERIXWAR V) -RxeLang (OXT-2d1 brand, available

from

10

15

20

25

30

exampie, about 1 mg. of KOH/y. or less, such as about 0.5
mg. of KOH/g. or less}). When the acid number exceeds about
5 mg. of KOH/g., a large amouﬁt of axetane may be nesded to
obtain the desired low acidity, and this can result in a
decrease in flame retardancy of the resin.

The oxetane compound of the present invention is a
compound having one or more oxetane groups and is

represented by the general structure:

Ry Ry

In the above structure, Rl1- R6 are the same or different and

can be selected from hydrogen, alkyl or substituted alkyl,

‘aryl or substituted aryl. Examples of such compounds

include: 3-ethyl-3-hydroxymethyl-oxetane (OXT-101 brand,
available from Toagosei Co., Ltd.); 3-ethyl-3-
{ {(phenoxy)methyl) —oxetane (OXT-211 brand, available from
Toagogsei Co., Ltd.}; and 3-ethyl-3-({2-
ethylhexyloxy)methyl) -oxetane (OXT-212 brand, available
from Toagosei Co., Ltd.).

Of these, the OXT-101 oxetane product is particularly
preferred because of its low molecular weight and the
increased reactivity it provides. Depicted below are the

formulae for these products:

OXT-201 OXT-211 OXT-212

O



Toagosei Co., Ltd.); and 3-ethyl-3-((2 ethyl hexyl oxy) nethyl)-oxetane
(OXT-212 brand, available from Toagosei Co., Ltd.). 25 O these, the

OXT- 101 oxetane product is particularly preferred because of its | ow

nol ecul ar wei ght and the increased reactivity it q@ﬁ:é%}g)epl cted bel ow
are the fornulae for these products: 30 OXT-201 O v212 ~-WO---~=
0 O 21 9 DEC 2006 The nunber of equival ents of oxet ane conpound in

conbi nation with the phosphate ester can be equal to or greater than the
nunber of equivalents of acid present in 5 the crude phosphate ester based
on the acid nunber of that phosphate ester. The crude phosphate ester to

be treated in accor daneenwidh sﬂﬁeq@ﬁese,ms bav‘gm_gp&n Lafodd@ ideated with
the sel ect ed oxet an, or’g)ound erature ran from about 40C to
Firdas

about 250C. 10 TR sent” lt‘r‘lvtg‘ﬁtli"}ﬁ’ﬁ Pter B T He P | ‘F"r‘"‘&t&?ﬂ By the
foll ow ng Exarrplgesateer @@E@héoaﬁbeﬁamvalemsm,ﬁug prebei sphenol A

ndded, il SrrrE Rt el BBl o L e e Dy onet ane
( OXT- 101 brand F‘F‘%‘T’nf’%&é@*&é@ oG : Egla 3“‘:1%1?193?1‘-?%95%1‘:3 bet he aci d nunber

of the resultingr-ehespbate:cdbSince with the present invention can be
heated with the selected oxetane compound at temperaturs
ranging from about 40°C to about 250°C.
10 The present invention is further illustrated by the

following Examples.



0.169 ng. KO+H/ g. 10 Exanple 2 To 200 g. of Bisphenol A bis(diphenyl
phosphate), having an acid nunber of 0.555 ng. KOH g, was added, wth 15
stirring at 140C, 1.0 g. of 3-ethyl-3-hydroxynet hyl oxetane (OXT-101 brand
from Toagosei Co., Ltd.). After four hours, the acipgnq{g@?&gf t he
resul ting phosphate was 0.062 ng. KOH g. 20 Exanpl & oI 8 .8 g. of

Bi sphenol A bi s(di phenyl phosphate), having an acid nunber of 0.531 ny.
KOH g, was added, with stirring at 140C, 5.0 g. (0.043 nole) of 3-ethyl-3
25 hydroxymnet hyl - oxet ane (OXT-101 brand from Toagosei Co., Ltd.). After
four hours, the acid nunber of the resulting phosphate was 0.060 ng.

KOH g. Exanple 4 30 To 1099.9 g. of Bisphenol A bis(diphenyl phosphate),
havi ng an aci d nunber of 0.537 ny. Exepl¢ twas added, with stirring at
140C, 8.3 g. (0.043 nole) of 3-ethyl-3- ((phenoxy)nethyl)-oxetane (OXT-211
brand from Toagosek £m.7 35 dft HigpheA$ &r biodipivowt sphasheatadi-d nunber of the

resul ting phosphate was 0, 14,00, KQ¥s0n.4 kbl DECs 20064, Bxagpl e To 1231.9
g. of Bi sphsengl plﬁgbﬁg\(l\%lsh%nyﬁ pfosp at e , : hjaq%/'i ngsan acl d nunber 0.537 ng.
KOH g, was addstcripgt #t 110°c, 1.0 g. of 3-athyl-3-hydroxymethyl-

oxetane {(OXT-101 brand from Toagosei Co., Ltd.}. &After
four hours, the acid number of the resulting phosphate was
0.16% mg. KOH/g.

10 '
ExamEle 2

To 200 g. of Bisphenol A bis{diphenyl pheaphate},
having an acid number of 0.555 mg. KOH/g, was added, with
15 stirring at 140°C, 1.0 g. of 3-ethyl-3-hydroxymethyl-
oxetane (OXT~101 brand from Toagosei Co., Ltd.}. After
four hours, the acid number of the resulting phosphate was

0.062 mg. KCOH/g.

20 Examgle 3

Te 1005.8 g. of Bisphenol A bis(diphenyl phosphate],
having an acid number of 0.531 mg. KOH/g, was added, with
stirring at 140°C, 5.0 g. (0.043 mole) of 3-ethyl-3~

25 hydroxymethyl-oxetane (0XT-101 brand from Toagosei Co.,
Ltd.}. After four hours, the acid number of the resulting
phosphate was 0.060 mg. KOH/g.

Example 4

30
To 1099.9 g. of Bisphenol A bis(diphenyl phosphate)},

having an acid number of 0.537 mg. KOH/g, was added, with

stirring at 140°C, 8.3 g. (0.043 mole) of 3-ethyl-3-

{ (phenoxy)methyl) ~oxetane (OXT-21l brand from Toagosei Co.,
35 Ltd.). After four hours, the acid number of the resulting

phosphate was 0.14 mg. KOH/g.



5 stirring at 140C, 12.1 g. (0.053 nole) of 3-ethyl-3-((2-

et hyl hexyl oxy) net hyl ) - oxet ane (OXT-212 brand from Toagosei Co., Ltd.).
After four hours, the acid nunber of the resulting phosphate was 0.14 ng.
KOH g. 10 Exanples. 5 - 10 Conposites of PC/ABS (in %’4:9¥Lf2@"0)’ each
containing 12.5% of Bi sphenol A bis(diphenyl ph_o_sphat{e " e prepared by
melt kneading using a twin screw extruder and 15 pelletizing. The pellets
were dried for twelve hours at 70C; then were exposed to 100% hum dity

at nosphere at 107C for ninety hours. The change in nol ecul ar wei ght of the
pol ycar bonat e was neasured after t at tine. A lower nunmber indicates an

i ncreased degree of hydrolytic sta — The 20 results are summari zed in
Table 1, with Nos. 3-5 relating to the products described in Exanples 3-5,
above: Table 1 PCFABS3pef %t 3&?@?@@3/19{" Bf \GPEREY @PPTPGPRC Ul ar Wi ght
Cont ai ni ng Sanpliag Sarpie unbLEC oRE3T mgafko®y g I0ralar sdded]l fauumtreated) 0.5 63 2
(comercial) 0.05.25 .3 -1.01) _0.,06 ( e Q.14 .30 5 (QOAT-
212) 0.14 55 SHETHAT afto%ge%?nig?'éx%’nﬁpé%%g?%ﬁget@qoar %ﬁlognéézel y provide
certain pref ee¥hedhemtiodi mesthylofexetrnep (@€%RE2 ivrpenhticon Tewpgase¥ or t hat

reason, shoul g, not,.pg CORSLIULL:H Ro@s30tidd BEid REnSHNSE. tHEhe scope of

protection sought is set forth in the Claiys that foll ow.
résulting phosphate was 0.14 mg. KOH/g.

10 Examples 5 - 10

Composites of PC/ABS (in a 4:1 ratie), each containing

12.5% of Bisphenol A bis{diphenyl phosphate}, were prepared
by melt kneading using a twin screw extruder and

15 pelletizing. The pellets were dried for twelve hours at
70°C; then were exposed to 100% humidity atmosphere at 107°C
for ninety hours. The change in molecular weight of the
polycarbonate was measured after that time. A lower number
indicates an increased degree of hydrolytic stability. The

20 results are summarized in Table 1, with Nes. 3-5 relating

to the products described in Examples 31-5, above:

Table 1
PC/ABS pellats mg. KOH/g. of % Changs in Molecular Weight
Containing Sample: Sample of PC Resin after 90 hrs.
1 {(untreated) 0.5 63
2 {commercial) 0.05 25
3 (0OXT-101) 0.086 1z
4 {OXT- 211) 0.14 30
5 {O¥T- 212) 0.14 25
25
The foregoing Examples are set forth to merely provide
certain preferred embodiments of the present invention
and, for that reason, should not be construed in a
30 limiting sense. The scope of protection sought is set

forth in the Claims that follow.



51 9 DEC 2906 W Cdaim 1. A phosphate ester conposition of low acidity
conpri sing an oxetane conpound. 5 2. A conposition according to Caiml, in
whi ch the phosphate ester is represented by the formula: pp O ArO Ip
OROP Ar 10 OOCAIn where Ax is an aryl or al kar%l group, Ris an
arylene 15 or al kyl ene group, and n can range from bYtbEapnwge 5. 3. A
conposition according to Claim2 where Ar is phenyl and -OR-O is a

bi sphenol A noiety. 20 4. A conposition according to Claim2 where Ar is
phenyl and -O-R-O is a resorcinol nmoiety. 25 S. A conposition according to
Caim2 where Ar. is _phenyl and -OR O is a neopentyl glycol noiety 6. A
conposition accgﬁegi—lﬁé——to Claiml, in which the 30 oxetane is represented
by the formula: RB Ry Rzi'~-XR5 R p R6

1. A phosphate ester composition of low acidity
comprising an oxetane compound.
2, A composition according to Claim 1, in which the

phosphate ester is represented by the formula:

o)
© ArO— PHo—R-0—P—DAr
10 0 oAl

where Ar is an arxyl or alkaryl group, R is an arylene

15 or alkylene group, and n can range from 0 to about 5.
3. A composition according to Claim 2 where Ar is
phenyl and

-0~R=-0~ is a bisphenol A moiety.

20
4. A composition according to Claim 2 where Ar is

phenyl and

~0-R~0~ is a resorcinol moiety.

25 5. A composition according to Claim 2 where Ar is
phenyl and
«Q~-R~0- is a neopentyl glycol moiety

6. B composition according te Claim 1, in which the

a0 oxetane is represented by the formula:

Ry, Ry

R2>?3<R5
R; Rg

0]



6 1 9 DEC 20006 where RL to R6 are each the sane or different and are
sel ected fromthe group consisting of hydrogen, alkyl, substituted alkyl,
aryl, and substituted aryl. 5 7. A conposition according to Claim1l in

whi ch the oxetane conmpound is 3-ethyl-3-hydroxynet - t . 8. A
conposition according to CGaim1l in &,hi ch %/he nﬁnbe:yy%fg?éggﬁb}gl ents of
oxetane conpound is equal to 10 or greater than the nunber of equivalents
of acid present in the crude phosphate ester based on the acid nunber of
t he crude phosphate ester. 9. A flane-retardant thernoplastic conposition

15 contai ning the phosphate ester copposition Qf ai,m 0. A process
for decreasing thé‘g‘é%? %i‘t%ﬁ'/ Rerarg © ct%og%%éqfa%é est g?ffg T a%%r?pxr%i ses !toreati ng a
phosphate ester ebladied fmembere grem epntilfiind of Ercs@H §1k¥i-t h 20 an

oxet ane g:orrpound atnglievated LAl ULEs stdstiAuREPGESS, according to Caim
10 in which the phosplhate estlgirmi Jgﬁheat ed vxftlhut he oiet ane at tenperature

rangi ng from about 40C to about 250C. o) .. proces cording to Caim
10, in whicéh thé pﬁogﬁ‘ﬁ’é’fége?’t 5?cﬂr§91rfge§?e%%ﬁ?€}j lfjly%% "Z‘ ormula: 0O O 30
Ar OI ? OR O P- Ar ox&x4& nompahved aisAB-4tbyard-ayytoxgmedivkarsAtage oup, R is an
aryl ene
8. A composition according to Claim 1 in which the
number of equivalents of oxetane compound is equal to
10 or greater than the number of equivalents of acid

present in the crude phosphate ester based on the acid

number of the crude phesphate ester.

9. A flame-retardant thermoplastic composition

15 containing the phosphate ester composition of Claim 1.

i0. A process for decrsasing the acidity of a
phosphate ester which comprises treating a phosphate
ester of acid number grester than 0.1 mg. KOH/g. with

20 an oxetane compound at elevated temperature.

i1. A process according to Claim 10 in which the
phosphate ester is heated with the oxetane at
temperature ranging from about 40°C to about 250°C.
25
12. A process according te Claim 10, in which the

phosphate ester is represented by the formula:

o)
20 ArO— P—o—R-O--P—OAr
O OA N

where Ar is an aryl or alkaryl group, R is an arylene

or alkylene group, and n ranges from 0 to about 5.

a5
13. A process according te Claim 12 where Ar is

phenyl and
-0-R~0= is a bisphenol A moiety.



or al kyl ene group, and n ranges fromO to about 5. 35 13. A process
according to Claim1l2 where Ax is phenyl and -OR O is a bisphenol A
moiety. 7 J DLC 2006 14. A process according to O aii §28{wgge Ar is
phenyl and -O-R-O -is a resorcinol nmoiety. 5 15. A process according to
Claim112 where Ar is phenyl and -O-R-O is a neopentyl glycol moiety. 10
16. A process according to Caim10 in which the oxetane conpound is
3-ethyl - 3-hydroxyrét hyl FoREPHTE. 2CPINTE 5P JTESR R ¥R A§ ¥ Caim 10 in
whi ch the nunber of egehmalzeaits of oxetane conpound is equal to 15 or

greater than the nugbgr,.of.equLyal.el:s.Qf.@cid present in the crude
phosphat e ester based gn the acid. nun%\ere%f t he crude phosphate ester. 8
]

15. A process according to Claim 12 where Ar is
phenyl and
~-0-R-0~ is a neopentyl glycol moiety.

10 16. A process according to Claim 10 in which the

oxetane compound is 3-ethyl-3-hydroxymethyl-oxetane.

17. A process according to Claim 10 in which the
number of equivalents of oxetane compound is equal to

15 or greater than the number of equivalents of acid
present in the crude phosphate ester based on the acidg

number of the crude phosphate ester.



