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ol i goneri c phosphates, which are used as 5 flane-retardants for

t her nopl agDiwog@e9IMs, are made by reaction of POCL3 wi tleTaushi@hesas

foll owed by reaction with phenol (or by the reaction of diphenyl

chl orophosphate with a biphenol) in the presence of a Lewis acid catal yst

to thereby produce a crude 8hosshate product. Usual | %/ 10 extensive
washi ng of such a product i P T T al yst and ot her
acidic inpurities that may negatively inpact the pr opert i es of polyners

(i.e, polycarbonaje poI esters, h ate ester is
placed. Alter na%’\:/e'? 3FG KA ERBeTC é’%‘Sx%%a%esdf twg‘ c a‘fs é*Thatshe 15

cat al yst ®o aeameaﬁetaamﬁmbyfbﬁstMBpﬂmﬁd b:edma Uaﬁe n2aieeBy NO.

5,616, 768 and i n, PCT | al Pat.ent i.on No. PCT/ UsQ2/ 03522,
filed Feb. 8re3ggPn %f"%@s'f "E%Q‘f ‘fF*: Agg{ by EBFFLRR | Qﬁn

decr easi ng t pRefisl d(d.:ybqf taucheat&maha'fedﬁﬂtee@& cMbs £eptysphatl witwas al so
been found tha% aulil ane %reat ed phoafhate ester showed superi or

hydrol ytic sfabBtPi? 7 & th Le"36 §eif AR YEtABY resin.

Wi le U S Paheﬂébmrod@caoz ShQid phebpratd®roanbnatyfuniafy neutral esters
of phosphorous acid (i.e., phosphites) and oxetane conpounds in 25

pl asti cs,'OpaPEFentiye WaﬁBH?Ea‘Pf)o?ﬁﬁhea PYodhsds ifoheedrddt repR¥e cHidi nat i on
of phosphat ecashbyst and %ﬁ&an@cfd&raowﬁ&iﬁtleEhe;hahqaw%aQ&trgiyCan be
Ar

represent ed E%pggg tlrfeoggélpgrtfgs Oof éro?-ymez% 0(-J.F)-e polycarbonates,
polyesters, etc.) in which the phosphate ester is placed.
Alternatively, 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 alsoc 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:

30 ArO— P_lo—R-0—P—0Ar
o

OA
n



POOQGAN 1 WO 2004/000922 PCT/ US2003/ 020013 where Ar is an aryl or

al karyl group, Ris an arylene or alkylene group, and n can range fromO
to about Wwo208e@oexent ati ve R groups include noieties dexmedodsroeeni3

bi sphenol A, resorcinol, or neopentyl glycol. 5 The acid nunber of the
phosphat e esvbere ded iisn apharypres ertkarih et PdRr iK% ifhent ayhgne kK8H/ g. or

less (for e 1,08 nodaK Pomh B ag about 0.5 ny.
of KOH g. oréﬁggs%e e%bt'hiélﬂgcri‘d anu(r?b_avgrgeexcoeeds gbo%%gbnthng. of KOH g., a

| ar ge anount Represesttatd veaR groveedaglude 1080oidtifis dexdvedsEren | ow acidity,
and this Ca”bi%%@:#olit %éaregggggggf, id} flLapentyt adangy of the resin. The
0

oxet ane conpou present invention is a ‘conpound having one or nore
oxet ane gboups arkthe sacidepumpbentefl the rhespeats dstenr ysedrén B R4 RZ> C

RS RlL pR _1 sérp:et. Q,e%lggég SLTUSt Y & ?Elolﬁﬁg{%r &d tlgsgagﬁzglr di fferent

and can be Be&Tec rom hydrogen, alk stitute , aryl or
substitut ed erghpldxaiputs lohgsueh Kifgoundslessiclawddy as about 0.5

3-et hyl - 3- hy%&px%ng%wg-péet ane, _C)X%lOltgga%lgid Q ;vg_l If%g%gd;rg[gu'goagosm
Co., Ltd.); 3féethyl-3- °((phenoxy) et fln)-oxe ane -2 rand, avail abl e
from 5 mg. of KOH/g., a large amount of oxetane may be needed to
10 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 R4

s O
R g Re
15

In the above structure, Rl- 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,
20 available from Toagosei Co., Ltd.); 3-ethyl-3-
( (phenoxy)methyl) -oxetane (0OXT-211 brand, available from
Toagosei Co., Ltd.); and 3-ethyl-3-((2-
ethylhexyloxy)methyl) -oxetane (0OXT-212 brand, available
from Toagosei Co., Ltd.).
25 Of these, the O0XT-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:

30 OXT-201 OXT-211 OXT-212
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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 owetmngoopsnduct is particularly preferred becawsanshoistoeodiow
nol ecul ar weight and the increased reactivity it provides. Depicted bel ow
are the formulae for these products: 30 OXT-201 OXT-211 OXT-212 OH NO O O
2 WD 2004/ 000922 PCT/ Jé‘fo@&mgzeoig eqiyal@rbar obforRAnIcORPEUBE Hxet ane
conpound in cordympahhefomi kil NhePRASEPRE € @t GaA BE G ddP o
greater than the nunber of equivalents of acid present in 5 the crude
phosphat e est erF952858g har heheydurbsanBEreBiiien tghospaaid reasent ne crude
phosphat esest erthle0 cRde ! pREGSith ) ACELTHRANLE oM Rl BE: BTSSR, iJpvention can
be heated with the sel ected oxetane conmpound at tenperature ranging from
about 40C to abd@t PBosphate matasr-es®he ¢rudenhmdhesphateuester tid bestrated by
the follow ng fe6a¥BHESn a2 03 ; agple 1 To
203.7 g. of Bisphenol A bi s%/%}i phe%?ggﬁ%{%;gég%%g%?%%&aﬁ%‘c| nunber
of 0.555 ngy. Kdapgedwaithdthel sadiechedsexeting compotod, at. Genperaiture
3 et hyl - 3- hydr @orERLEY kzo@ X 408X Ted AboltaBgoéd om Toagosei Co., Ltd.).

er

10 The present invention is further illustrated by the

following Examples.



four hours, the acid nunber of the resulting phosphate was 0.169 ng.
KOH'g. 10 Exanple 2 To 200 g. of Bisphenol A bis(diphenyl phosphate),
havi ng arwecods/ovaseber of 0.555 ng. KOH g, was added, w tplaT/us20mstonoms ng at
140C, 1.0 g. of 3-ethyl-3-hydroxynethyl oxetane (OXT-101 brand from
Toagosei Co., Ltd.). After four hours, the acid nunber of the resulting

phosphate was 0.062 ng. KOH g. 20 En@nea To 1005.8 g. of Bisphenol A
bi s(di phenyl phosphate), having an acid nunmber of 0.531 ng. KOH g, was

added, with stirgj t, 140C. 5.0 .g. (0,043 I of, 3-ethyl -3 25
hydr oxynet hyl - oxe %%3(3'(&?-'18{ g%sé%%'}"rlo% 633%%@%6%1. ,ph°lfP§‘."‘)".a) After four
hours, thé abhdimgirderadiid nioebeesad td 1555 phoskdBie, wass Qdaeq, ngi tiKOH g.

Exanple 4 3Q,To 1099.9 q...Qf Bi sphenal bi.s(.diphenyl phosphate), having
an ggi d nurrbgf'“é’f"”tﬁﬁﬁlgﬁ.emfvo;,g'mﬁg a@ﬂ%‘ﬂ}éw:’t&ﬂ‘y&éf’?‘%‘? kaa't 140C, 8.3
g. (0.043 nobeitade 3¢atTHl013bbnd ey Meagbye) - Oxef anl .)OXTagddr brand from

Toagosei Co. 35 Ltd.).  After four hours, the acjd nunber of the resulting
phogphate vva?ﬁ’.rilhmffgs.’ KO8 §°19 WFRR02F06B825° TS BheEebaba F2Exanpl e 5

To 1231.9 ¢. ooteBimpharom/gA bi s(di phenyl phosphate),

10
Example 2

To 200 g. of Bisphenol A bis(diphenyl phosphate),
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. ROH/g.

20 Example 3

To 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 (OXT-101 brand from Toagosei Co.,
Ltd.). After four hours, the acid number of the resulting
phosphate was 0.060 mg. KOH/g.

Examgle 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-211 brand from Toagosei Co.,
35 ©Ltd.). After four hours, the acid number of the resulting

phosphate was 0.14 mg. KOH/g.



having an acid nunber 0.537 ng. KOH g, was added, with 5 stirring at 140C,
12.1 g. (0.053 nole) of 3-ethyl-3- ( (2- ethyl hexyl oxy)nmethyl)-oxetane
(OXT- 212 woad/dongen Toagosei Co., Ltd.). After four hOlI’KZSl‘/USZfFIB/()ald nunmber
of the resulting phosphate was 0.14 ng. KOHg. 10 Exanples 5 - 10
Conposites of PC/ABS (in a 4:1 ratiof*a®8k& Zontaining 12.5% of Bi sphenol
A bi s(di phenyl phosphate), were prepared by nelt kneading using a twn
screw extruder antic 1B23ield et.i pENBisgitnqiell Bismepﬂeeﬁy]] %offgf;%{;g\fj ve hou;s
at 70C, thep_were £XPose to 1 d|t t nospher e_at or ninety
hours. The cﬁanb’égl h ol ec dd ?/q%wn *89/30@%% e e WhER measur ed
after that tism::raénéca/enm(:be:tz 1 rdi qates3arﬁb11encro§asgd¢_?_q Igﬁ_ (qu_th v
hydrol ytic st The 20.results are su zed in Table Wi S.
3y5 rel ating %F%l 1&’8’3&‘&%&3?825%’8%& i(R¥ gg%l%%a’? from,Teagoseip| ¢ 1
PC/ ABS pel | ets. poLt&KQH gAf(tiar‘chshﬁngﬁ;h Asl) Mhleesai&rndﬁ&lf)}h%%@iggt gl ni ng
Sanpl e: Sarrpleo PCRS|n after 90 hrs. untreate

(comerci al ) T8% oeBRtre0M3s P dé P9- K&(IG(T 211) 0.14 30 5 (OXT-
212) 0.14 25 25 The foregoi ng Exanples are set forth to nerely provide
certain poeferred enbodi nents of Ehempré&sent npvention and, for that
reason, should not be construed in a 30 Timtrng sense. The scope of
protection soughtcéempcidites of PC/ABS (in a 4:1 ratio), 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 Nos. 3-5 relating

to the products described in Examples 3-5, above:

Table 1
PC/ABS pellets mg. KOH/g. of % Change in Molecular Weight
Containing Sample: Sample of PC Resin after 90 hrs.
1l (untreated) 0.5 63
2 (commercial) 0.05 25
3 (OXT-101) 0.06 12
4 (OXT- 211) 0.14 30
5 (OXT- 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.



forth in the Cains that foll ow

Claim 1. A phosphate ester conposition of low acidity

5 WO 2004/ 000922 PCT/ US2003/ 020013 W
conpri sing an

oxet ane cwioEo@N9Za 2. A conposition according to C ai mpCT/iS200802@N3t he
phosphate ester is represented by the formula: O AAO P OROP- Ar 10 O

OA n where Ar Hes CG3RiBry| or al karyl group, Ris an arylene

group, and n can range fromO to

15 or al kyl ene
about 5. 3. A conposition according to

Caim2 where Ar, i s aPBRBYphAY PR Sbmﬁésfﬂ\u@nSB?eﬂQLy %:{@i%t y. 20 4. A
phenyl an is a

conposi tion according to Claim?2

where Ar is

resorci nol noi et y“’%ﬂ"ﬁ“nﬂ eﬁnﬁbeﬁli%r?%@eaf‘ﬂr ng to daim2 where Ar is

phenyl ang -0-R-0- is a neopentyl
to daimi1l,
R2 RS

gl ycol noiety 6. A conposition according

i n awhi chat Bemp3dh O Aeobdi kS TARLERI1DY L hehfay iba: R3 R4

rhosphate ester is represented by the formula:

O
ArO— PHO0—R-O—P —Ar
10 ) OA
n
where Ar is an aryl or alkaryl group, R is an arylene
15 or alkylene group, and n can range from 0 to about 5.
A composition according to Claim 2 where Ar is
phenyl and
-0-R-0- is a bisphenol A moiety.
20
A composition according to Claim 2 where Ar is
phenyl and
-0-R-0- is a resorcinol moiety.
25 A composition according to Claim 2 where Ar is
phenyl and
~0-R-0- is a neopentyl glycol moiety
6. A composition according to Claim 1, in which the
30 oxetane is represented by the formula:



Rl p R 6 WO 2004/000922 PCT/ US2003/ 020013 where RL to R6 are each the
sane or different and are selected fromthe group consisting of hydrogen,
al kyl, swioso4/abed al kyl, aryl, and substituted aryl. PCT/US20GE2@ASition
according to Caim1l in which the oxetane conmpound is

3- et hyl - 3- hydr oxyfRE¥ (R0 tBerre egchathg P 1A fiLdesraERpd #*@ aim 1 in

which the nunber gé1&ndd Erent $hef g i FoRsE0EDAYNKE Iy RGYah , t f1kylD, OF
greater than the nunber of equivalents of acid Eresent in the crude

phosphat e ester b3RIEUMURe2dkyl, Huperrdf SHPRtEfukpd grydphat e ester. 9.
A flame-retardant thernoplastic conposition 15 containing the phosphate
ester conmpositimn ok Ebapstiltionl RccArRingess d1AimdeCERaTH KA th@ aci dity of
a phosphate ester which conprises treating_a phosphate ester of acid
nunber greater thSFFHRE fTPREPAGES i 19FPY8 ~3nbpeame thydpeuREaRr - el evat ed
tenperature. 11. A process according to Claim210 in which the phosphate
ester is heated with the oxetane at  tenperature ranging fromabout 40C to

about 250C. 23 -1° K®MMAFiEienaeerring t8 Efaim id" Whifhi Ehet he

phosphate ester iguirdy ereRl@dviyeddl JObkdne RomBbuNOis?eif @S- A O

QA n
10 or greater than the number of equivalents of acid

present in the crude phosphate ester based on the acid

number of the crude phosphate ester.

9. A flame-retardant thermoplastic composition

15 containing the phosphate ester composition of Claim 1.

10. A process for decreasing the acidity of a
phosphate ester which comprises treating a phosphate
ester of acid number greater than 0.1 mg. KOH/g. with

20 an oxetane compound at elevated temperature.

11. 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 to Claim 10, in which the
phosphate ester is represented by the formula:
f 0
30 ArO— PHO—R-O—P—DAr
@) 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.
35
13. A process according to Claim 12 where Ar is
phenyl and

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



where Ar is an aryl or alkaryl group, Ris an arylene or alkylene group,
and n ranges fromO to about 5. 35 13. A process according to Claim12

where Ax wo 20ph@ngd2 and -O R-0- is a bisphenol A noiety.PCTAUSMDI3IRA@AS000922
PCT/ US2003/ 020013 14. A process according to Caim 12 where Ar is phenyl
and -ORO is aresorcinol nmoiety. 5 15. A process according to Claim12

where Ar is phanyl andprOcRsS aéSoriimRORENEYVAiIM| VL GIhsTRI BEYis 10 16. A
process according to Claim10 in which the oxetane conpound is

3- et hyl - 3- hydr oxyRRAMH 25et ane. 17. A process according to Caim 10 in

whi ch the nunbelp-gfFoequival idcrQhodXgd 88, compound is equal to 15 or
greater than the nunber of equivalents of acid present in the crude
phosphat e’ester based on the acid nunber of the crude phosphate ester. 8

15. A process according to Claim 12 where Ar is
phenyl and
-0-R-0O- 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 acid

number of the crude phosphate ester.



