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1. A flame retardant composition comprising

(i) a polyphenylene ether resin selected from the
group comprising
(1) a homopolymer having repeated strucfural
units of the formula:

4 U
O -
. Q/" Q Jda

where Q, Q', Q", and Q''' are

independently selected from the group
consisting of Bydrogen, hydrocarbon

radicals, halohydrocarbon radicals

.
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(2)

(3)

having at least two carbon atoms between
the halogen atom and phenyl nucleus, and
2', Q", and Q''' in addition may be
halogen; and n represents the toral
nuunber of monomer units and is an

integer of at least 10;

a copolymer with repeating units

wherein Wlmay be methyl, Cl, Br, or I;
and T, T' and T" may independently be
alkyl of 1 to 3 carbons or aryl,
alkaryl, haloaryl, arylalkyl of 6 to 12
carbons; or

blends of (1) or (2) with

(a) vinyl aromatic resins wherein at
least 10% by weight of the blend is
derived from a vinyl aromatic monomer of

the compound having the formula:
7 wcER3
R” 9

-—P.

12
wherein R7 and R® are independently

selected from the group consisting of

lower alkyl or alkenyl groups of from 1
to 6 carbon atoms and hydrogen; R° and
R!9 are independently selected from the

group consisting of chloro, bromo,
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hydrogen, and lower alkyl of from 1 to 6
carbon atoms; R!! and R!? are
independently selected from the group
consisting of hydrogen and a lower alkyl
or alkenyl group of 1 to 67 carbon atoms
or R!! and R!2 may be concatenated
together with hydrocarbyl groups to form
a naphthy' group; or
(b) copolymers of the vinyl aromatic
monomer of (i)(3)(a) above with materials
having the general formula:
R13-CH=?-(CH2)D‘R15

R14
wherein R;3 and R;4 represent a
s"ibstituent independently selected from
the group consisting of hydroger, halogen,
an alkyl group of 1 to 4 carbon atoms,
carboalkoxy og.Rb and R, taken together
represent an anhydride linkage of the
structure - COCOC - and R;s is hydrogen,
vinyl, an alkyl or alkenyl group having
l to 12 carbomn atoms, cycloalkyl,
carboalkoxy, alkoxy-alkyl, alkyl
carboxy, ketoxy, halogen, carboxy, cyano
or pyridyl and n is a whole number

within the range of 0 to 9; anu

s
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(ii) a flame retarding effective amount of a

(b)

tetrahalophthalate ester flame retardant
prccessing aid of the formula:

CooR
7\2
c-x-(c:-:cazo)p

wherein

R is selected from the group consisting
of hydrogen, an alkyl or substituted

alkyl of 1 to 9 carbons, hydroxyalkyl

of 2 to 20 carbons, polyhydroxvalkyl of

3 to 10 carbons, and
2 g
-+CHC320+BR

where R8 is an alkyl or substituted
alkyl of 1 to 18 carbons, and b is 1 to
50;
R! is selected from the group cénsisting
of hydrogen, an alkyl or substituted
alkyl of 1 to %) carbons, alkenyl or
substituted alkéenyl of 2 to 22 carbons,
0
e
is an alkyl of 1 to 18 carbons;

where R7

a polyhydroxyalkyl of 3 to 12 carbons;

COOH) 3 ¢o 3

iy —

° N/ ;
l or 2
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7
‘fC - COOCHZ-?:—?HZ .
A A
ROOC
R 0QOC
(A)
; CH3 4
‘i -CH,-CY=-NHE-C
2 [}
. 0
} (all isomers) ;
2 o}
; ]
: (A)4
ROC
{ i
o}
(all isomers) i
R3R4 R3R4 ' R3R4
| | [ ] [
-CHCHNRSR®; -(CHCH),NRS; and ~(CHCH)3N;
‘with the proviso that the valence of R! is equal to q;
(c) R? is independently selected from the group
consisting of H and CH3?
3 (d) R3, R4, R5, and R6 are independently
i,
l selected from the group consisting of H and an alkyl
| of 1 to 18 carbons;

(e) P is an integer of 0 tec 50;

(£) g is an integer of 1 to 6;

(g) X is selected from the group consisting of 0 or NH;
and

(h) A is selected from the group consisting of Cl or Br.

=
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Tetrahalophthalate Esters as Flame Retardants for

Polyphenylene Ether Resins

(IR 28204A)
This application is a continuation-in-part application

S of Serial Number 06/777,043, filed September 17, 1985, which

is to bhe abandoned.

Background of the Invention

Tkhis invention relates to flame retardant compositions

containing at least one tetrahalophthalate ester and a

10 polyphenylene ether rasin. This invention also comprehends

the method of improving the flame retardancy and
processability of the polyphenylene ether resins by using
.these tetrahalophthilate esters.
Polyphenylene ether resins are known in the art as a
15 class of thermoplastics which are characterized by excellent

physical properties, including hydrolytic stability,
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dimensional stability and excellent dielectric properties.

In general, they are pfepared by the oxidative coupling of a
phenolic compound with complex metal catalysts, e.g., a
complex copper catalyst. The preparatjon of polyphenylene
ether resins is described in Hay, U.S. Patent Nos. 3,306,874
and 3,306,875 and U.S. Patent Nos. 3,257,357 and 3,257,358 of
Stamatoff, the teachings of which are incorporated herein by
reference.

The high molecular weight polyphenylene ethers are high
performance engineering thermoplastics possessing relatively
high melt viscosities and softening points, that is, in
excess of 250°C, and are useful for many commercial
applications requiring high temperature resistance including
fcrmation of film, fiber and malded articles.

Cisek, U.S. Patent No. 3,383,435, which is incorporated
herein by reference, discloses polyphenylene ether-styrene
resin compositions including rubber-modified styrene
resin-polyphenylene ether resins wherein the rubber
component is of the unsaturated type such as polymers and
copolymers of butadiene. Although the styrene resin
component improves the moldability of the polyphenylene
ethers these compositions are still difficult to process.

Polyphenylene ether/styrene resin blends comprising
between about 25 and 75% of polystyrene units are available
commercially from the General Electric Company under the

NORYL® trademark.
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The use of brominated and/or chlorinated compounds by
themselves or in combination with other materials such as
organic phosphates, boron compounds, etc., as flame

retardants for polyphenylene ether resin compositions are

well known in the art and are exemplified by U.S. Patent i
Nos. 3,257,357; 3,639,506; 3,733,307; 3,809,729; 3,867,336; '
3,919,356; 3,936,414; 3,974,235; 3,939,531; 4,024,093;
4,034,136; 4,073,772; 4,094,856; 4,096,117; 4,107,232;
4,191,685; 4,203,931; 4,206,154; 4,274,998; 4,280,951;
4,298,514; 4,301,062; 4,355,126; 4,403,057; 4,446,272; and
4,456,720. The aforesaid patents are incorporated herein by
reference.

Tetrahalophthalate esters have been used as
flame-proofing materials. For example, U.S. Patent No.
4,098,704 describes the use of these materials as textile
finishing agents. U.S. Patent Nos. 4,298,517 and 4,397,977
disclcse these compounds as flame retardants for halogenated
resins. However, no teachings have been found which show
the use of these compounds as flame retardants or processing

aids for polyphenylene ether resins.
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Summary of the Invention

The present invention is directed to a composition of a
polyphenylene ether resin and a flame retardant processing

aid of the formula:

ROOC
@ X (zéc o) 1
(CHCH, P R

Uk)4

- 9

the ring can have all possible isomeric
arrangements
R is selected from the group consisting of hydrogen,
an alkyl or substituted alkyl of 1 to 30 carbons,
hydroxyalkyl of 2 to 20 carbons, polyhydroxyalkyl
of 3 to 10 carbons, and
2 .

—{CHCHE,O3¢R
where R® is an alkyl or substituted alkyl of 1 to
18 carbons, and b is 1 to 50; -
R! is selected from the group consisting of
hydrogen, an alkyl or substituted alkyl of 1 to 30
carbons, alkenyl or substituted alkenyl of 2 to 22

carbons, Q
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where R7 is an alkyl of 1 to 18
carbons; a polyhydroxyalkyl of 3 to
12 carbons,
ICQCHJL s 3
" &
Q .
L"J lor 2 !
0
-C
COQCHZ°?3'$32 ]
A A
/
ROCC
R oeC
. (A)
3 4
-caz-cx-na—ﬁ
Q
(all iscmers),
Q
n
-C
'(M4
RCC
]
o]
' (all iscmers) ; -
r3p4 R3gd r3g¢
!
—cECENR R ;

[ ’ I
~ (CHCE) zms ; and - (CHCE) 4N

with the proviso that the valence of R! is equal to q;

-
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(d) R?2 is independently selected from the grbup
consisting of H and CHj;

(e) R3, R*, R5, and R® are independently selected from

the group consisting of H and an alkyl of 1 to 1R
5 carbons;
(£) p is an integer of 0 to 50;
(g) q is an integer of 1 to 6;

(h) X is selected from the group consisting of O or

NH; and
10 (i) A is selected from the group consisting of Cl or
Br.

This invehcion also comprehends the method of improving
the flame retardancy and processabilitv of the polyphenylene
ether resins by incorporating in the resin the

15 tetrahalophthalate coﬁpound as described above.

In practicing this invention, the tetrahalophthalate is

added to the polyphenylene ether resin in any convenient
manner, such as blending or extruding in order to get a
uniform composition. Flame retardant synergists such as

20 antimony oxide (Sby03) may also be added if desired. 1In

addition, other additives such as thermal stabilizers,
ultraviolet stabilizers, reinforcing agents, organic

polymers, mold release agents, blowing agents, colorants,

and the like may also be optionally included. A further

25 advantage of the polyoxyalkylene tetrahalophthalates as
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qsed in this invention is their improved compatibility with
Yoryl® resins (blends of polystyrene and polyphenylene
ethers containing 25 to 75% of the former).

Representative tetrahalophthalate compounds useful in

practicing this invention are as follows (where A is Br or

Cl):

—_— -
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A . A
A COOR A COOH i
A 00(C7,C2,0) o8 A €00 (C7,C2,0) ,C2, !
A
A f33
coon A coQcHE, <~
a
L P
A CCOCH, H-OF QOR RO A
A COO0 (CH,CE, 0) ,_ CH, 00(CHE,CH,0) = € ' A
A
A CEq A

I
COOCHZ-CH—OH A COOCHZ(C32)6C33
o) ,B

€00 (CE,CH,0) ,CT,4

A
A COOC,H ¢ A:I::i::I;
A CO0 (CE,CH,0) ,CE,4

A

Co0oCH FE-OH

COQH

A COCH
A <:::> COO(CH,CE-0) 7,,CH3




A A A

A CCO (CH,CH,0) (B A
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A : CHE3
A cz-0
A COOCE.CZ-0H
2
CO0 (CH,CE.O) ,CE..C3
A <:::> COO (CH.CH.O) -CH A 00 (CH,CE,0) ,CE,CH,
2772777773 N
A
a CH,
3 CHq l
l A COOCE ,CH-OR

A OOCH,CE~OH
A COO (CE,CH,0) ¢ ,CH,
‘A CO0 (CH,CH,0) 4CH, o

A
?33 A ?33

A COOCH,CH~CH A COOCH,CH-OH
A €00 (CH,CE,0) i A

A A

A ?33 @ A
A COOCH ,~CH~OH R-0 A

) i
| A
A

A COOR
A COOH
A coo (CH2CHZO) 48
olele} (CHZCHZO) SOE

A a
COOH
coor

coo (CHZCHZO) 9H

& =
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coo (CH C 320) CI-’3

0L

lC‘.OO (CHZCHZO) SCH3

toox
- A
A COOH -ca,
l
Cr-OH
~ 2
A C00 (CH,CH,0) o= | Ly
L A 12

—CHZ-CHZ

0-50 «--——CI'IZ--CI-’2

1 ETYTTOMY Aecs
c‘w»’u Catai F

cHERrT

A <42
A
A COOE
O i
A COO(CH,~CH,0) g=CH,~CE-N(CH,),
A
_l
A COOH
@)
A~ ~_"""C00(CE.CH.,0) ,.~CH. - (CH) ,~CHO
| 2559207 20727
A
OH
A ~_ _ COOH 2 i
\( __?
O. ( HOH)4
N
A \T/ COO(CHZCH20)9 -——‘
L A 4 o°
2



WO 87/01713
-1 -

COOH

i CH

//L‘COO(CH-CAZO)3(CH CH 0)

0

CH, ?33

COOCHz;CH-OH HOCH-CHZO

COOH

Z@i

Co0 (CH ,CH,0) 4

cooa
A -
/’\
COO (CH,=CH,0) y _cq

B
n3 (\—
-ca NH -

A COOH
c
A CONH(CH—CH 0)0 33

COOH

~CONH (CE,=CE,0) ; ¢,

PCT/US86/01771

COO(CHZCHzo)9CH2CHZN(CHQI
W
@)
A A
OCH
A

. ! A
A \_/J\ oO(CH CH O) \@
1-18 E/ A

A
A
A A CooH
O ;
2' COO (CH,CH,0) 4=CCEy

ooc\/lj\/

N

——CH5CH

;::::~N(C82)2_17CH

———CH-Ch

—CH
“ng ,//C'Cz 5
|

-3

..... ——— sy T
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VW

| r//k\COO(CH CH20)9-CH2-CH N(CHB)
‘ A

>

COO(CHZCH20)7CH3

A ' COCR C.H

85
~CE-OK l

w
b, A COO (CH,CH,0) o_,<CH,CH,N(CH,) ,CE g

ole) 3¢

OO(CHZCHzo)g-ﬁ-(CHz)l_ls-CH

A
L

A ~_~ COOH

\riﬁl\\g/ COOH
/
k\\' /\~coo(cazcazo)9--c k\_// oocszfx-cxz
t

| : A A
A
A

A~ coocaz-ca-oa

= CONH(CH CH O)7CH

Cr T T ATTE oe T
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The preferred compounds are:
Br CH3

Br Br

|
COOCH,CH-0H

20)7av 3 Br

(::;Zl\ Br- O-NH (CH,CH,0) ,_ CH
COO(CE,C

COO(CHZCHZO)7avCH3

g COO0 (CH,CH,0) 5, ,CH, 00C32$HOH
T CH,
Q Br
Br f33 " .
Br COOCH ,CH-OH RO-C r
0
il
Br COO(CH,CH,0) 4, — € Br
Br . Br
Br r
RO-C
Br COOCH,CH-0H , ~_ Bt
) s 1]
1]
B COO (CH,CH,0) y g~ C 2
2 ér
o)
?r 1 ?r
Br CO0C, He C,HSO N Br
lo‘ ]
Br *\_ -~ COO(CH,CH,0) | y)m———— ¢ — O Br

Br Br

3
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The R in the above formulas is -CHz—éH-CH or -éH-CHz-OH
and A is Br or Cl.
The polyphenylene ether resins that may be used in the
present invention are as follows:

(1) Homopolymers having repeated structural units of

the formula:

Q"' Ql

where Q, Q', Q", Q"' are independently selected from the
group consisting of hydrogen, hydrocarbon radicals,
halohydrocarbon radicals having at least two carbon atoms
between the halogen atom and phenyl nucleus and Q', Q", and
Q"' in addition may be halogen with the proviso that Q and
Q' are preferably free of tertiary carbon atoms; and n
represents the total number of monomer residuéé and is an
integer of at least 10. Examples of polyphenylene ethers
corresponding to the above formula can be found in the

above-referenced patents of Hay and Stamatoff.
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(2) Copolymers with repeating units of

where W may be methyl, Cl, Br, or I; and T,
:-\\Lyl Jroup of Fiom 103 cacbens
T' and T" are)aryl, alkaryl, haloaryl, or arylalkyl of

A
from 6 to 12 carbons. Examples of these copolymers can be
found in U.S. Patent No. 3,733,307.

(3) Blends of (1) or (2) with vinyl aromatic resins

wherein at least 10% of the units of said vinyl aromatic

resin are of the formula:

CR7=CHRe
11 |
R
(\\*39
/ 10
~R
RlZ

wherein R? and R® are selected from the group consisting of
lower alkyl or alkenyl groups of from 1 to 6 carbon atoms
and hydrogen R® and R!'? are selected from the group
consisting of chloro, bromo, hydrogen and lower alkyl of
from 1 to 6 carbon atoms; R!! and R!2 are selected from the
group consisting of hydrogen and lower alkyl or alkenyl
groups of 1 to 6 carbons or R!! or R!2 may be concatenated

together with hydrocarbyl groups to form a naphthyl group.
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Materials that may be copolymerized with the units of the
vinyl aromatic monomer include those having the general
formula:
R13-CH=C-(CH2)n"R1s

Res
wherein R;3 and R;, represent a substituent selected from
the group consistin of hydrogen, halogen, an alkyl grouﬁ of
1-4 carbon atoms, carboalkoxy or R;; and R;4 taken together
repreéent an anhydride linkage (-CO00C-) and R;s 1is
hydrogen, vinyl, an alkyl or alkenyl group having 1 to 12
carbon atoms, cycloalkyl, carboalkoxy, alkoxy-alkyl, alkyl
carboxy, ketoxy, halogen, carboxy, cysao or pyridyl and n is
a whole number between 0 and 9.

The general formula set forth includes by way of
example, homopolymers such as polystyrene and
monochloropolystyrene, the modified polystyrenes, such as
rubper-modified, high-impact polystyrene and the styrene
containing copolymers, such as the styrene-acrylonitrile
copolymers, styrene-butadiene copolymers, styrene-
acrylonitrile-alkyl styrene copolymers, styrene-acrylonitrile-
butadiene copolymers, polymethylstyrene, copolymers of
ethylvinylbenzene, and divinylbenzene; styrenetmaleic
anhydride copolymers, styrene-butadiene-styrene block
copolymers and styrene-butadiene block copolymers; and

styrene-butadiene-styrene maleic anhydride block copolymers.
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The preferred vinyl aromatic resins are the halogen-free
vinyl aromatic resins.

The preferred polyphenylene ether resins are blends of
(1) and (3). Especially preferred are those blends in which
the vinyl aromatic resin is polystyrene or a copolymer of
styrene and 1,3-butadiene.

The ratio of tetrahalophthalate to modified
polyphenylene ether resin blend that will impart flame
retardancy to the latter may vary from 1:100 to about 1:2
depending on the application.

The compositions of this invention may also include
other additives such as thermal stabilizers, ultraviolet
stabilizers, reinforcing agents, organic polymers, mold
release agents, blowing agents, colorants, etc.

In oraer to illustrate the preéent invention, the
following examples are presented. These are not ctc be
construed as limiting the scope of the invention.

Example 1

To 1,392 g (3.0 moles) of tetrabromophthalic anhydride
were added 1,050 g (3.0 moles) of Methoxy Carbowax 350 in
the presence of 22.0 g of sodium acetate. The mixture was
heated at 90°C for 8’hours in a nitrogen atomésphere. The

reaction mixture was filtered hot to remove the sodium
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acetate. The analytical data were consistent with the

assigned structure.

Br

Br . COO(CHZCH Q)

2 7avCH3

Br - COCH
Br

Example 2
To the compound of Example 1 were added 348.0 g (6.0
5 moles) of propylene oxide and 2.0 liters of toluene. The
mixture was heated at 60°C-100°C. The solvent and residual
propylene oxide were removed to give the product in almost

quantitative yield. The analytical data were consistent

with the assigned structure.

Br
Br
COO(C32CHZO)7aVC83
Br Y CO0-CH, r%’-H-OH

10 Example 3
To 92.8 g (0.2 mole) of tetrabromopiithalic anhydride is
added all at once 90 g (0.2 mole) of Carbowax ZOO and the
mixture heated to 120°-130°C for 2.5 hours. The desired
product is isolated in essentially quantitative yield as a

15 clear yellow viscous liquid. Calcd. Mol. Wt., 864; found

L N,

P
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865. Caled. % Br, 37.1; found 38.5. The analytical data

are consistent with the assigned structure.

Br

Br COoCH

Br €00 (CE.CH.0) JH
2CEL) g v

Br
Example 4
To 240 g (0.24 mole) of the compound of Example 3 is

5 added 45.3 g (0.24 mole) of trimellitic anhydride and the
mixture was heated at 155°C under nitrogen for about 7
hours. The infrared spectrum indicated the completion of
the reaction by the substantial disappearance of the
anhydride absorption band at 5.65u. The product was

10 isolated in essentially quantitative yield. Analy. Calcd.;
% Br, 29.4; Mol. Wt., 1,014; neutralization equivalent, 351.
Ti:e spectral data was consistent with the stfucture.

Br

Br COCH 00H

: — B
Br COO(C32CHZGU9 ﬁ coo

Br o -

Example 5-
To 156.3 g (0.18 mole) of the compound of Example 3 is

15 added 70.9 g (0.18 mole) 2,3-dibromopropyl trimellitate.

The mixture is heated at 130°-140°C for 6 hours with /
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stirring to give the product as a brown opaque oil.
Isolation afforded the product in essentially quantitative

yield and the analysis was consistent with the structure

being:
Br
Br COCH COCH
Br €00 (CE,CH,0) coocazgg—c':az
27279
Br Br
Br

(and iscmers)
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Examples 6 to 11

The following preparations were carried out as in Example 3 using

the reactants set forth below.

Tetrabromo-
Example phthalic
No. Anhydride Hydroxy Compound Product Structure
, r
6 1.0 mole HOCH,CH,0CHoCHR0H By COH
1.0 mole
Br COO(CHZCHZO)ZE
Bx
7 1.0 mole HO(CH2CH,0) 4H Br
CCCH
(Carbowax 200) BT @
1.0 1
mole Br COO(CH,CH,0) &
Br av.
8 1.0 mole HO(CH,CH,0) ; 3H
Br lela):{
(Carbowax 600)
1.0 mole Br OO(C32C320)1-“
av.
9 1.0 mole HO(CH,CH,0) 2 3H
CO0H
(Carbowax .000) @
1.0 mole Br oo(c32C820)235
Br av.
10 1.0 mole HO(CH2CH20) 4sH
(Polyglycol E-ZOOO)
1.0 mole cooccs CH,0) %
av.
) Ry
11 2.0 mole HO(CH,CH20) gH =
CaoH HOOC Br
(Carbowax 400) (::> ~
Br coo(Cr.Cr - >
1.0 mole (OB 03 B
0 3

av.
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Example 12

To 96.4 g (0.2 mole) of tetrabromoterphthalic acid is
added all at once 160 g (0.2 mole) of Carbowax 400 and 300 g
of toluene containing 1.0 g P-toluene sulfonic acid. The
mixture is heated to reflux until 3.6 g (0.2 mole) water was
collected. The toluene is removed under reduced pressure to

give a clear viscous liquid in essentially quantitative

yield.
CO0H
Br Br
Br 3r
COO(CHZCHZO)SavH
Example 13

To 86.4 g (0.1 mole) of the compound of Example 3 1is
added all at once 21.8 g (0.1 mole) pyromellitic dianhydride
and the mixture heated to 120°-130°C for 2.5 hours to give
the desired product. Water, 1.8 g (0.1 mole), is added to
open the remaining anhydride group and the analytical data

are consistent with the assigned structure.

Br

COOH EOCC

—_ COOH
CO0 (CH,CH,0) g™ ﬁ

COOH
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Example 14

To 86.4 g (0.1 mole) of the compound of Example 3 is
added all at once 10.9 g (0.05 mole) of pyromellitic
dianhydride and the mixture heated to 120°-150°C for 2.5
hours to give the desired prcduct. The analytical data are

consistent with the assigned structure.

Br 7 ﬁ
Br (olule): ¢ coor
B COQ(CH.,CE d .

2CH20) HOOC
Br av. -—
42 0
(and iscmers)

Example 15

To 86.4 g (0.1 mole) of the compouna of Example 3 is
added all at once 21.8 g (0.1 mole) of phthalic anhydride
and the mixture heated to 120°-130°C for 2.5 hours to give
the desired product. The analytical data are consistent

with the assigned structure.

B OCH HOOC

/ av. o
Br Br .

Example 16
To 139.2 g (0.3 mole) of tetrabromophthalic anhydride

is added all at once 122.9 g (0.1 mole) polyoxyethylated




10

trimethylol propane of molecular weight 1229 and the mixture
heated to 120°-130°C for 2.5 hours to give the desired
product. The analytical data are consistent with the

assigned structure.

Br =
Br ~00H — CHZ
~
— CHZ-—C--CZH5
Br COO(CHZCHzo)ggg-— CHz
r
- - 3

Example 17
To 139.2 g (0.3 mole) of tetrabromophthalic anhydride

is added all at once 156.8 g (0.1 mole) polyoxypropylated
trimethylol propane of molecular weight 1568 and the mixture
heated to 120°-130°C for 2.5 hours to give the desired
product. The analytical data are consistent with the

assigned structure.

Br -T
Br COCR ‘—Cﬂz
Br coo (CHZCEezQ) sav T CHz
Br
b
e 3

Qe T A
ARl Wl s 4 b SHEET
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To 284.0 g (1.0 mole) of tetrachlorophthalic anhydride

is added 350.0 g (1.

presence of 7.0 g of sodium acetats:.

5 at 90°C for 8 hours
mixture is filtered
expected product in

analytical data are

0 mole) of Methoxy Carbowax 350 in

The mixture is heated
in a nitrogen atmosphere. The reaction
hot to remove sodium acetate to give the
nearly quantitative

yield. The

consistent with the assigned structure.

Cl
Cl COO(532CHZO)7avC33
Cl CQOE
Cl
Example 19
10 To 634.0 g (1.0 mole) of the composition of Example 13
is added 116 g (2.0 moles) of propylene oxide in 200 ml of
toluene. The reaction mixture is heated from 60°-100°C for
3-5 hours, and then concentrated to give the product in
nearly quantitative yield. The analytical data are
15 consistent with the assigned structure.
Ccl
Cl COO(CHZCHZO)7aVCH3 "
cl COOCHziH-OH
Cl Hq

- b
L ma e mwran T - ?-.T‘E'.T
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Example 20

To 284.0 g 1.0 mole) of tetrachlorophthalic anhydride
is added 200.9 g (1.0 mole) of Carbowax 200 in the presence
of 7.0 g of sodium acetate. The mixture is heated at 90°C
for 8 hours in a nitrogen atmosphere. The reaction mixture
is filtered hot to remove sodium acetate to generate the
expected product in nearly quantitative yield. The

analytical data are consistent with the assigned structure.

cl
Cl COO(C32C320)4avH

c1” COOH
Cl
Example 21
To 484.0 g (1.0 mole) of the product of Example 20 1is
added 116.0 g (2.0 moles) of propylene oxide in 200 ml of
toluene. The reaction mixture is warmed at 60°-100°C for
3-5 hours, and then concentrated to give the product in

nearly quantitative yield. The analytical data are

consistent with the assigned structure.

1
c1 COO (CH,CE,0) 4, ,F
c1 COOCH, -CH=-OH
l
1 ca,

Example 22
To 284.0 g (1.0 mole) of tetrachlorophthalic anhydride

is added 400.0 g (1.0 mole) of Carbowax 400 in the presence
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of 7.0 g of sodium acetate. The mixture is heated at 90°C
for 8 hours in a nitrogen atmosphere. The reaction mixture
is filteredvhot to remove sodium acetate to generate the
expected product in nearly quantitative yield. The
analytical data are consistent with the assigned structure.

cl Cl

c1 Q 00 (CH,CH,0) g, B

c CQOCH

Example 23
To 46.4 g (0.1 mole) of tetrabromophthalic anhydride is

added all at once 44.1 g (0.1 mole) of polyoxyethylated
dimethylamine [CH3)2N(CH2CH20)QQ$ dissolved in 100 ml of
toluene. The mixture was heated at 100°-110°C for 4-5 hours
and then concentrated to give the desired product in
essentially quantitative yield. The analytical data are

consistent with the assigned structure.

% r
BOC Br
(CH3)2N(.CHZCgZO-)9aVE Br
¢ ' ar

Example 24
To 92.8 g (0.2 mole) of tetrabromophthalic anhydride is

added 80.0 g (0.2 mole) of .

HE,N=-CH-CH -CH-

a4 T
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(Jeffamine D-400) and the mixture heated to about 120°C.
The final product is obtained in almost quantitative yield.
The aralytical data are consistent with the assigned

structure.

CH3 CH3

- |
CONHCH-CH, (OCE,=CH=) 5 (. NH,

Examples 25-27

In the following examples, the flame retardancy of the
tetrahalophthalate esters of this invention are
demonstrate&. The compositions of this invention were
prepared by mixing together the compound of Example 2 and a
blend of 50% polyphenylene ether and 50% high impact
polystyrene and then adding such to a heated Brabender mixer
(270°C, 10 rpm) over a 2 3/4 minute period. Processing was
then continued for 5% minutes at 25 rpm. The samples
recovered from the Brabender were then pressed into plaques
4%" square and 1/8" thick on a Carver press. They were then
cut into %" wide strips on which the Limited Oxygen Index
(LOI) values were obtained according to ASTM 62863-77.test
procedure and compared to a control consisting only of the

resin blend.
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Table I
Example Resin Blend Example 2 Flémmability
No. (parts) (parts) LOI
25 Control 100 - 26
26 96 : 4 28
27 92 8 29

The above results demonstrate the flame retardancy of
the composition of this invention relative to the control.

Examples 28-30

In the following examples, plaques containing the
composition of the invention were pre- =red according to the
above procedure except that they were ' square and 1/8"
thick. They were then cut into 1/2" strips on which the UL
94 vertical test procedure was run and compared to a control
consisting only of a blend of 50% polyphenylene ether and 50%

high impact polystyrene.

Table II
Example Resin Blend Example 2 Total Burn UL
No. (parts) (parts) Time (sec.) Classification
28 100 - : 92 94 V-1
29 92 8 53 94 v-1
30 88 12 26 94 V-0

The above results again demonstrate the flame
retardancy of the composition of this invention relative to

the control.
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Plaques can be prepared according to the procedures of
Examples 25-30 except for substitution of the product of
Examples 1 and 3-24, respectively, for the product of
Example 2, and similar flame retardancy results obtained.

Similarly, the other polyphenylene ether resins
disclosed in the specification hereof can be substituted for
the resin used in each of the above compositions and similar
improvements in flame retardency on each control obtained.

Examples 31-33

In the following examples, the improved processability
of compositions of this invention are demonstrated. The
compositions of this invention were prepared by mixing
together the compound of Example 2 and a blend of 50%
polyphenylene ether and 50% high impact polystyrene and the

melt flow properties determined on a Brabender Torque

Rheometer.
Table III
Example Resin Blend Example 2 Torque at Temp. at
No. (parts) (parts) 8 min. (m-g) & min. (°C)
31 96 4 . 1650 255
32 92 8 1430 256
33 88 12 1220 7 255

The above results demonstrate the improved
processability characteristics of the composition of this
invention in that the decrease in melt viscosity (as

measured by a decrease in the torque) is directly

L T .,..:‘ "'V‘NT

T
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proportional to an increase in the level of the
tetrahalophthalate ester added.

Substitution of the product of Examples 1 and 3-24,
respectively, for the product of Example 2 in Examples 31-33
provides similar processability improvements.

Similarly, the other polyphenylene ether resins
disclosed in the specification hereof can be substituted for
the resin blend used in each of the above compositions and
similar improvements in processability are observed.

Example 34

Poly(ethylene glycol 300), 204.5 g (0.67 mole) was
refluxed (T = 117°C) with 600 ml of toluene for 1.5 hours in
order to remove a small amount of water present in the
glycol. The mixture was cooled to about 100°C and
tetrabromophthalic anhydride, 614.5 g (1.35 moles) and
sodium_acetate, 1.62 g were added and the mixture was
reheated to reflux and held for 25 hours. After the mixture
Qas cooled to 50°C, propylene oxide, (156.4 g, 2.69 moles,
100% excess) was added and the mixture heated to and held at
100°C for 2.5 hours. When the solution cooled to about 50°C
it was filtered through a bed or diatomaceus earth and

decolorizing charcoal. The filtrate was distilled to remove

the solvent to give 904.1 g of product as a viscous liquid.
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Calcd. % Br, 47.4. Found % Br, 46.5. Analytical data is

consistent with the assigned structure.

Br O H oo Br

Br COOCH,CCH;  CH,CH,COC 7/\/ Br
o)t oH - O

Br GO ——(CB,CH,0) g 7 —— g)\/L Br
Br Ay

Example 35

This compound was prepared by the procedure described

5 in Example 34 except that poly(ethylene glycol 200) was used
in place of poly(ethylene 300). Product is viscous liquid.
Caled. % Br, 51.0. Found % Br, 49.3. Analytical data was

consistent with the assigned structure.

Br (o] H ? 8 Br
1 !
Br COCH,CCH CH.,C H,COC Br
26H 3 36H2 4
Br Br
Example 36
10 This compound was prepared by the procedure described

in Example 34 except that poly(ethylene glycol 600) was used

in place of poly(ethylene glycol 300). Product is a viscous
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liquid. Caled. % Br, 39.5. Found % Br, 39.3. Analytical
data is consistent with the assigned structure.
o] H 0 Br
B gOCH éCH c %H COE B
r ) H, r
sz 3 3OH2
Br ﬁo-—-(CH2CH20)12:I3——'_'E el Br
o o}

Example 37

This compound was prepared by the procedure described
in Example 34 except that poly(ethylene glycol 400) was used

in place of poly(ethylene glycol 300). Product is a viscous

liquid. Caled. % Br, 44.2. Found % Br, 44.0. Analytical
data is consistent with the assigned structure.
Br
Br @ xil H P
Br OCHZCCH3 CH3CH2C Oé Br
Ox OH LQ
|
-~ N
Br —_— i ~
| ?O (CHZCHZO)S:g——— ﬁ gr BT

Br
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Example 38
Methanol (54. 1 g, 1.5 mole), tetrabromophthalic

anhydride (695.6 g, 1.6 moles), and potassium acetate,

2.73 g were refluxed for 4 hours with 500 ml of toluene.

After cooling the reaction mixture to room temperature,
propylere oxide (87.12 g, 1.5 moles) were added and the
mixture reacted at 80°C fcor 2.5 hours. Product was obtained
as a viscous liquid after distilling out the toluene.

Calced. % Br, 57.7. Found % Br, 57.2. Analytical data is

consistent with assigned structure.

gl
Br oCE,
:
Br COCH,CCE,
Br O OH

Example 39

This compound‘was prepared by the procedure similar ¢o
that described in Example 38 except that methoxycarbowax 350
was used in place of methanol and ethylene oxide in place of
propylene oxide. Calcd. % Br, 37.8. Found % Br, 37.2.

Analwvtical data is consistent with assigned structure.

Br O
Br 2o 4CH_CH,0),CH,
Br gocazcxzoa

Br
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Example 40

This compound was prepared by the procedure in Example
38 except that 2-methoxyethanol is used in place of
methanol. Product is viscous liquid. Caled. % Br, 53.6.
5 Found % Br, 52.0. Analytical data is consistent with the
assigned structure. |

o H
i [
&ocx CCH,

%r

EOCH CHZOC33

o}

2

Example 41
. This compound was prepared by the procedure cutlined in
Example 3§ except that methoxycarbowax 350 was used in place
10 of methanol and epoxybutane in place of propylene oxide.
Product is a viscous liquid. Caled. % Br, 36.5. Found %
Br, 37.2. Analytical data is consistent with the assigned

structure.
° I
1
cocar,CC
2f2"s
ﬁO(CHZCHZO)7CH3 -
o]
Example 42
15 This compound was prepared by the procedure outlined in

Example 38 except that 2-ethylhexanol-1l was used in place of
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methanol. Product is a viscous liquid. Caled. % Br, 50.0.
Found % 52.7. Analytical data is consistent with the

assigned structure.

Br
gOCH gc
Br 2 éHH"B
Br CHg
Example 43 ..
5 This compound was prepared by the procedure described

in Example 39 except that stearyl alcohol was used in place
of methanol. Product is a viscous liquid. Caled. % Br,
41.0. Found % Br, 43.0. Analytical data is consistent with

the assigned structure.

Br

B
,gocazéca3

OB
go(caz)l7ca3

Br

Br

Br

10 Example 44

This compound was prepared by the procedure described
in Example 38 except that 2,3-dibromo-propanol¥l was used in

place of methanol. Product is a viscous liquid. Caled. %
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Br, 64.8. Found % Br, 61.9. Analytical data is consistent

with the assigned structure.

o] "
Br I
Br COCHZ'CCH3
OR
Br OCH,CECH.BY
TR 2
r O Br

Example 45

This compound was prepared by the procedure outlined in
Example 33 except that epichlorohydrin was used in place of
propylene oxide and methoxycarbowax 350 in place of methanol.
Caled. % Br, 35.7. Found % 35.4. Analytical data is

consisten” with the assigned structure.

H
Br |0, T
Br COC82CCHZC1
{
OH
Br O ‘

Example 46

To a solution of methoxycarbowax 350 (300.0 g, 0.89
mole) in dry toluene (184 ml) was added sodium methoxide
(48.0 g, 0.90 mole) in methanol. The methanol was then
distilled off atmospherically. Tetrabromophthalic anhydride -
was then added (442.2 g, 0.89 mole) along with an additional
50 ml of toluene. The reaction mixture was refluxed for 2

hours and after cooling to room temperature, epichlorohydrin

(106.94 g, 1.16 moles) was added. The mixture was refluxed
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for 20 "our:. After the solvent and excess epichlorohydrin
were di: :lled, a viscous dark product was obtained. Calcd.
% Br, 37.2 Found % Br, 40.4. Analytical data is

consistent with assigned structure.

Br

o)

Br dOCHzciig/CHz

Br O co (CH,CH,0) ,CH,
Br O

Example 47

Methoxycarbowax 350 and toluene were refluxed for 1
hour in order to distill out a small amount of water.
Tetrabromophthalic anhydride /1:1 mole ratio with
methoxycarbowax 350) and sodium acetate were added and the
mixture refluxed for 17 hours. After cooling to room
temperature, an excess of diazomethane (prepared from the
decomposition of N-methyl-N-nitroso-p-toluene sulfonamide by
sodium hydroxide) in ethyl ether was added and the mixture
allowed to stand overnight. The excess diazomethane was
decomposed by adding acetic acid and the solvent removed by
distillation. Product is viscous liquid. Calcd. % Br,
39.2. Found % Br, 37.4. Analytical data is consistent with

the assigned structure.

Br

_ Boca,

Br ﬁo+cnzcnzo)7cn3
Br Q

T s cem v ae

€ ey g
L AT SRR R ) H E 8;'}"’:ET
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Example 48
Di(2-ethylhexyl) tetrabromophthalate was prepared by

the procedure described by Spatz et. al (I & EC Product

Research and Development, Vecl. 8, No. &4, 395 (1969).

Br

0
Br &ocazc:ﬂg 3:
2%s
Br CoCH, 52439
Br 25

5 Examples 49-63

In the following examples, the flame retardancy of the
compounds of this invention are demonstrated. The
compositions of this invention were prepared by mixing

together the compounds of Examples 34-47 (12.7 parts),

19 antimony oxide (2.5 parts), and a blend of 50% polyphenylene

oxide and 50% high impact polystyrene (84.8 parts) in a high

speed mixer until the compconents were blended thoroughly.

The compositions were then pressed into plaques which were

cut up into strips measuring 4%" long x %" wide x 1/8" thick

15 on which the Limited Oxygen Index (LOI) values were obtained

according to ASTM D2863-77 procedure and compared to a
control consisting only of the polyphenylene oxide -

polystyrene blend.
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Table I
Example Test Compound Flammability
No. (Example No.) LOI
49 (Control) 23.8
1 5 50 34 28.6
51 35 28.2
52 36 27.6
53 37 28.8
54 38 30.0
10 55 39 30.0
56 40 30.4
57 41 30.4
58 42 31.0
59 43 31.0
15 60 . 44 31.8
61 45 30.0
62 46 30.4
63 47 30.4
The above results demonstrate the flame retardancy of
20 the composition of this invention relative to the control.
Examples 64-78
In the following examples, the «compositions of this

25

PCT/US86/01771

invention were prepared as described for Examples 49-63
except that the plaques were cut into strips measuring 4X%"
long x %" wide x 1/8" thick on which the UL94 vertical test
procedures were run and compared to a control comnsisting of
a blend of 50% polyphenylene ether and 50% high impact

polystyrene.

f
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Table II
Example Test Compound Total Burn UL
No. (Example No.) Time (sec.) Classification

64 (Control) 159 V-2
5 65 34 3 V-0
66 35 10 V-0
67 36 18 V-0
68 37 5 V-0
65 38 1 V-0
10 70 39 7 V-0
71 40 5 V-0
72 41 8 V-0
1 73 42 1 v-0
| 74 43 2 V-0
15 75 . 44 2 V-0
76 45 4 v-0
77 46 3 V-0
78 47 7 V-0

The above results again demonstrate the flame
20 retardancy of the compositions of this invention relative
to the control.
Example 79
Poly(ethylene glycol 600), 885.4 g (1.40 moles),
B tetrabromophthalic anhydride, 1298.4 g (2.80 moles],
: 25 potassium acetate, 1.35 g, and toluene (1000 g) were charged
into a one-gallon glass-lined reactor and heated to 120°C.

After 4 hours at this temperature, ethylene oxide, 246.68 g

(5.69 moles) was pumped into the reactor in 3/4 hour while
maintaining the temperature at 120°C. After ane hour longer
30 of heating, the mixture was cooled to room temperature, the
excess ethylene oxide was then vented, and the product
collected. After stripping off the toluene, 2250 g of the

product was isolated in 99% yield as a viscous liquid.
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Caled. % Br, 39.2. Found % Br, 38.8. Analytical data is

consistent with the assigned structure.

(0]
]
CoCH,CH,OH HOCH,CH O&
2772 2772
CO(CH,CHY0) 5 13 —
0 0

Example 80
To the -product of Example 79, 453.8 g (0.27 mole),

) acetic anhydride, 83.4 g (0.82 mole), potassium acetate, 1.0
g, and toluene, 400 ml, were refluxed for 8 hours. After
cooling to room temperature, the reaction mixture was
transferred to a separatory funnel and extracted first with
100 m1l of a 16% potassium bicarbonate solution and then with

10 100 ml of water. After distilling off the solvent, 335.0 g
(64% yield) of product was obtained as a viscous liquid.
Calcd. % Br, 36.8. Found % Br, 32.9. Analytical data is

consistent with the assigned structure.

0 BEO <|>' lli lC:
|
gOCH CO&CH CH.,COCCH,CC
2 3 3 & 2
<|:33 B3 Br
Br4 q
o] 0
Example 81
15 Tetrabromophthalic anhydride, 231.9 g (0.50 mole),

2-ethylhexanol, 130.2 g (1.0 mole), and potassium acetate,




| WO 87/01713 PCT/US86/01771

-43-

0.24 g were heated to and kept at 120°C for 4 hours. The
mixture was cooled to 60°C and potassium carbonate, 35.9 g
(0.26 mole), was added. Reheated mixture to 80°C and kept

it at this temperature for 2 hours. Cooled mixture to 60°C

5 and added triethylamine, 14.2 g (0.14 mole). Reheated
mixture to 70°C and added methyl iodide, 113.6 g (0.8 mole)
in 20 minutes. Heéted mixture to 70-75°C and kept it at
this temperature for 2% hours. Caqoled mixture to room
temperature and filtered it in order to remove by-product

10 potassium iodide. The filtrate was distilled to remove
toluene and 290 g of crude product was collected as a pale
yellow liquid. Extracted this product.with 3 times 100 ml
of a 6.5% potassium carbonate solution followed by 2 times
100 m1 of water and once with a 30% sodium chloride

15 solution. Dried the organic phase over anhydrous magnesium
sulfate overnight. Filtered off magnesium sulfate and after

.p removing the solvent from filtrate by distillation, 204 g of

product was obtained in 67% yield as a pale yellow liquid.

Caled. % Br, 52.6. Found % Br, 52.2. Analytical data is

20 consistent with the assigned structure.

o
Il
COCH,
H
Eocaz?-c439
C,Hg !
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Example 82
Tetrabromophthalic anhydride, 231.9 g (0.5 mole), 2-<(2-

methoxyet.oxy]-ethanol, 360.5 g (3.0 moles), stannous
oxalate, 2.32 g, and xylene, 200 ml, were refluxed (temp.
160°C) for 18 hours during which time, theu:v water was
collected. The xylene and excess 2-[2-methoxyethoxy]-ethanol
were distilled under reduced pressure to give 332 g of crude
product as a wet white solid. Redissolved 256 g of this
material in toluene (1000 ml) and extracted it with 3 times
200 ml of a 7.5% potassium bicarbonate solution followed by
one extraction with 200 ml of water. Dried the organic
phase with anhydrous magnesium sulfate overnight. After
removing the magnesium sulfate by filtration, téluene was
removed by distillation to give 45 g of a yellow liquid
product. Overall yield is 17%. Calcd. % Br, 46.6. Found %

Br, 45.7. Analytical data is consistent with the assigned

structure.

o)
1}
COC32C320C52CHZOC33

FOC32C820C32CBZOCH

3

-
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Example 83

This compound was prepared by the procedure outlined in
Example 82 except that 2-[2-ethoxyethoxy]-ethanol was used
in place of 2-[2-methoxyethoxy]-ethanol.

(o)

n
C0C32C320C32c320C235
Br

OCZHS

EOCHZC320CHZCHZ

0

5 Example 84

This compound was prepared by the procedure outlined in
Example 79 except that docosyl alcohol (behenyl alcohol) was
used in place of poly(ethylene glycol 600) and propylene
oxide in place of ethylene oxide. Product is a viscous
10 liquid. Caled. % Br, 37.7. Found % Br, 36.5. Analytical
data is consistent with the assigned structure.

o) g
cocnzéon
¢H

3

EO(CHZ)ZICHB

Example 85

This compound was prepared by the procedure outlined in

Example 79 except that tricontyl alcohol was used in place of
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poly(ethylene glycol 600) and propylene oxide in place of

ethylene oxide. Product is a viscous liquid.

Q =S
COCH,COH
¢33

go (CE,5) 59CH4

Example 86

This compound was prepared by the procedure outlined in
5 Example 22 except that methoxycarbowax 550 was used in place

of 2-[2-methoxyethoxy]-ethanol.

o]
CO(CE,CH,0) ,CE,
Br4 . _
%0(C32CH29)11C33
o
‘ Table 1
Examples 87-90
Example Test Compound Flammability
10 __No. (Example No.) LOI
87 48 32.0
88 79 30.4
89 80 30.0

90 81 31.3
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Table 11
Examples 91-94
Example Test Compound Total Burn
No. (Example No.) Time (sec)
S 91 48 18
92 79 19
93 80 84

94 81 15

PCT/US86/01771
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Classification

V-0
V-0
V-1
V-0




I

WO 87/01713 PCT/LS86/01771 .

-4 8-

Claims:

1. A flame retardant composition comprising

(1) a polyphenylene ether resin selected from the
group comprising
5 (1) a homopolymer having repeated structural

units of the formula:

r-Q"' QD

. Q'' 2 g
where Q, Q', Q", and Q''' are

independently selected from the group

consisting of hydrogen, hydrocarbon

10 radicals, halohydrocarbon radicals

having at least two carbon atoms between

the halogen atom and phenyl nucleus, and

7'y Q", and Q''' in addition may be
halogen; and n represents the total

15 number of monomer units and is an

integer of at least 10;

(2) a copolymer with repeating units

an2d

wherein W may be methyl, Cl, Br, or I;

and T, T' and T" may independently be
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alkyl 6f 1l to 3 carbons or aryl,
alkaryl, haloaryl, arylalkyl of 6 to 12
carbons; or

blends of (1) or (2) with

(a) vinyl aromatic resins wherein at
least 10% by weight of the blend is
derived from a vinyl aromatic monomer of

the compound having the formula:
7 wcHRE
]! 9

-p‘
Cq10

wherein R? and R® are independently

selected from the group consisting of
lower alkyl oxr alkenyl groups of from 1
to 6 carbon atoms and hydrogen; R? and
R!9 are independently selected from the
group consisting of chloro, bromo,
hydrogen, and lower alkyl of from 1 to 6
carbon atoms; R!! and R!2? are
independently selected from the group
consisting of hydrogen and a lower alkyl
or alkenyl group of 1 to 6" carbon atoms
or R'! and R!2 may be concatenated
together with hydrocarbyl groups to form
a naphthyl group; or

(b) copolymers of the vinyl aromatic
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monomer of (i)(3)(a) above with materials
having the general formula:
Ry3-CH=C-(CHz) -Rys
R14
wherein R,3; and R;4 represent a
substituenf. independently selected from
the group consisting of hydrogen, halogen,
an alkyl group of 1 to 4 carbon atoms,
carboalkoxy ovaD and R,, taken together
represent an anhydride linkage of the
structure - COOOC - and R;s is hydrogen,
vinyl, an alkyl or alkenyl group having
l to 12 carbon atoms, cycloalkyl,
carboalkoxy, alkoxy-alkyl, alkyl
carboxy, ketoxy, halogen, carboxy, cyano
or pyridyl and n is a whole number
within the range of 0 to 9; aunu
(1ii) a flame retarding effective amount of a
tetrahalophthalate ester flame retardant
processing aid of the formula:
R
I >
7= C=X~- (CECH,Q) s——— R-
A\ .

wherein

\.
\

w
(v
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lrave—all possible isomeric

Frraugemnentss

R is selected from the group consisting
of hydrogen, an alkyl or substituted
alkyl of 1 to 9 carbons, hydroxyalkyl
of 2 to 20 carbons, polyhydroxyalkyl of

3 to 10 carbons, and

R,

8
-4CHC320+BR

where R® is an alkyl or substituted
alkyl of 1 to 18 carbons, and b is 1 to
50;
R! is sele =ed from the group cbnsisting
of hydrogen, an alkyl or substituted
alkyl of 1 to ") carbons, alkenyl or
substituted alkényl of 2 to 22 carbons,
Q

—¢-2"

where R?7 is an alkyl of 1 to 18 carbons;

a polyhvdroxyalkyl of 3 to 12 carbons;

quﬁ)l to 3

I _/
o) \ i

1l or 2
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i
—C- COOCH,~CHE-CH,
) A A
ROOC
R 00C
-CHz- H-NH=C
[}
(o]
(all isomers) ;
(o]
]
-(A)4
ROC
I
o}
(all isomers)
R3R4 R3R* | R¥R*

| | | 1 | |
-CHCHNRSR®; -(CHCH),NRS; and -(CHCH)3N;

‘with the proviso that the valence of R! is equal to q;

5 from—the—group———
nsisting of H and CHj;
(e) R3, R R5, and R® are independently selected from
the group nsisting of H and an alkyl of 1 to 18
carbons;
10 (f) p is an integer of 50;

(g) q is an integer of
(h) X is selected from
NH; and

(i) A 1is selected from

N
15 6 ' Be-
<




(c)

(d)

(e)

(f)

v (9)

;.;:5: (h)
FY Q\AL/\

2

R is independently selected from the group
consisting of H and CH3;
R3, R4, R5, and R6 are independently

selected from the group consisting of H and an alkyl
of 1 to 18 carbons;

p is an integer of 0 to 50;

g is an integer of 1 to 6;

X is selected from the group consisting of 0 or NH;
and

A is selected from the group consisting of Cl or Br.

-52a-
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2. The composition of claim 1 wherein the weight
ratio of (i) to (ii) is within the range of about 100:1 to
about 2:1.

3. The composition of claim 1 wherein said
polyphenylene ether resin of (i) is a blend of the
homopolymer of (1) and a vinyl aromatic resin of (3) wherein
at least 10% by weight of the blend is the vinyl aromatic
resin.

4, The composition of claim 3 wherein said
polyphenylene ether of (i) is a blend of - h- homopolymer of
(1) and polystyrene or a blend of the homopolymer of (1) and
a copolymer of styrene and 1,3-butadiene.

5. The composition of claim 1 wherein said
polyphenylene ether is a homopolymer of (1).

6. The composition of claim 1 wherein in said
tetrahalophthalate ester of (ii) R is an alkyl or substituted
alkyl of 1 to C7 carbons, A is Br, X is oxygen, p is 0 to 20,
and q is 1 to 6.

7. The composition of claim 6 wherein R is

CHj;

I
‘CI‘IzCH‘OH; R is CI‘I;;, CgHs, C4H9, H, or

i

=C =Py
=
HQﬁCHCEzCé r , and q is 1.

Br Br
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8. The composition of claim 3 wherein in said
tetrahalophthalate ester of (ii) R is an alkyl or substituted
alkyl of 1 to 10 carbons, A is Br, X is oxygen, p is 0 to 20,
and q is 1 to 6.

5 9. The composition of claim 8 wherein R is
CH,
-CﬁzéH-OH; R! is CH,;, CzHs, C4Hs, H, or

Q
n
-C

I
BOC acazccc
]}

Q

Br Br

10. The composition of claim 4 wherein in said
10 tetrahalophthalate ester of (ii) R is an alkyl or substituted
alkyl of 1 to C] c#rbons, A is Br, X is oxygen, p is 4 to 14,
and q is 1 to 6.

1l1. The composition of claim 10 wherein R is

CHj
15 ]
-CH,CH-OH, R! is CH3, CgHs, C4Hg, H, or
Q
]
-C Br
0
3 ..
HgO-CHCH,OC B and g is 1.
Br Bx '
\\K/C\li’// *




12. The composition of claim 1 wherein said
tetrahalophthalate ester of (ii) is di(2-ethylhexyl)

tetrabromophthalate.

13. A flame retardant composition according to claim 1
substantially as hereinbefore described with reference to any

one of the examples.
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