PHILIPPINE PATENT {19] {11] No.: 26837
} . (45} lssued:

[54] (Title: PETRAEALOFETIALATE ESTERS AT FLAME RETARDANTS FCR
CPYRENE MALZIC ANHYDRIDE CCFCLYMIR (8HA) RESINS

(76] Inventor(s): JCEZFR HICHMZL BCHEIN, of Xing of Frussia, Fernsylvania,

>
o Ce i

[73] Assignes(s): PELNWALT CCRFORATICH, of Fhiladelphia, Pennsylvania,
a corporation of Fennsylvania, U. S. A.

(22] Filed: April 3, 19%0

[21) Application Serial No: 40519 - 4 divisional application of application
. sk-37760 .filed on Novecber 2, 1988.

’

FOREIGN APPLICATION PRIORITY DATA

[31] Number (s) : ' 173,691

[32] Date(s) : flarch 25, 1988

(33] Country(ies) : U° Se A

(52] PH Class ' 524/288; 526/411
{51] Int.Class CCEK 5/12

{58] Field of Search 520/288; 526/411

(66] Reference (s) Cited and/or Considered:

U. 3. Pat. ilog. 3,766,249 10/1973 Howell et al.
3,772,382 11/1G73 Foley
- 3,835,845 5/1976  SFipberg
67 . 4,832,801 6/1377  Filler
(571 4,052,509 6/1977  Lee
4,033,245 7/1677 Reineke
4,051,311 e/1977 Lee
4,093,700 7/1%78 Zandlar
4,108,543 8/1973  Lee
2,115,672 G/1978 Fillar
4,123,735 11/1%7% cacdler
4,132,748 S VAL axthus et al.
4,136,135 . 1/1379 Lee
4,151,213 2/1379 Lee
4,358,873 . 12/1%31 ce Giulio et al.
4,323,855 ;i a/1982, ~do-
5,352,272 5/1922 sufour
4,381,880 -4 11/1cE2 - -dc-
4,576,382 3/1685 - Jenkmer ef al.
243374977 8/19€3 Sandler -
4,762,E51 3/1c28 Scher 2t al.
4,784,55C a/1sag Loverguth .

B BAD ORIGINAL

»



il 0352

26837

o

A e AB ¢ MEPUARL R R

 ABSTRACT

Tetrahalophthalate esters are disclosed
herein as flame retardant processing aids for

styrene-maleic anhydride (SMA) resins.
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LI+ . N
TETRAHALOPHTHALATE ESTERS AS FLAME
RETARDANTS FOR STYREMNE-MALEIC
ANHYDRIDE COPOLYMER (SIMA) RESINS

BACKGROUND CF THE INVEWTION

This invention relates to flame retardant
compositions containing at least one tetrahaloph-
thalafe ester and an SMA resin. Additionally,
thris composition may also contain one‘or more
brominated and/or chlorinated compounds in an
amount to provide additional flame retardancy to
the SUA resin. This invention also comprehends
the method of improving the flame retardancy and
processability of the SilA resins by using these
tetrahalophthalate esters aloné or in combination
with one or more bromine and/or chlorine com-
pounds.

STyrene-llaleic Anhydride (SMA) copolymers
find extensive use in the manufacture of molded
articles and foamed products. In general, they
are prepared by copolymerizing styrene and maleic
anhydride in the proper ratio and under the

aporopriate concditions. The preparation and
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deséription of SMA copolymers are descrited

in U.S. Pat. Nos. 2{?69.804; 2,971,939; 3,336,267;
and 3,966,843, the teachingsvof which are incor-
porated herein by reference.

SiA polymers burn rapidly and are generally
not used in applications which require fire
retardant polymers such as radio and television
cabinets, tables, chairs, appliance housings and
thé like. (See U.S. Pat. No. 4,151,218 which is
incorporated by reference).

The use of brominated and/or chlorinated
compounds by themselves or in combination with
other materials such as organic phosphates, anti-
mony compounds, etc., as flame retardants for
SMA resin compositions are well known in the art
and are exemplified by U.S. Pat. Nos. 3,766,249;
3,966,843; 4,032,481; L4,038,245; 4,085,912;
L,113,672; 4,136,135; 4,151,218; and 4,323,655,
The aforesaid patents are incorporated herein
by reference.

Tetrahalophthalate esters have been used

as flameproofing materizals. For example, U.S.
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Pat. No. 4,098,704 describes the use of these
materials as textiie finishing agents. U.S.
Pat. Nos. 4,298,517 and 4,397,977 disclose
these compounds as flame retardants for halo-
genated resins. However, no teachings have
been found which show the use, of these com-
pounds as flame retardants or processing aids

for SMA resins.

SUMMARY OF THE INVENTION

The present invention is directed to a
composition of a styrene-maleic anhydride (SMA)
resin and a flame retardant processing aid
comprising:

(i) a styrene-maleic anhydride (SMA)

resin having the following general formula:

Q—
Q—ix

|
i Q=
|
nr—cr—-m
{
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wherein m is a number from 1 to about 100 and
n is a number from ééro to about 100; and

(1i) a flame retarding effective amount
of a tetrahalophthalate ester flame retardant

processing aid of the formula:

A 0
A — goa | :
- A O CX (CHCH,,0) ——R7
| 2P
i by
N 2 Jdg

wherein

(a) R is selected from the group con-
sisting 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

Tz
—-E—-CHCHZO-)%—RS

-5 =



where R8 is an alkyl or substituted alkyl of
1 to 18 carbons, and b is 1 to 50;

(b) R is selected from the group consis-
ting of hydrogen, an alkyl of substituted alkyl
of 1 to 30 carbons, alkenyl or substituted alke-
nyl of 2 to 22 carbons,

L .
, X
where R’ is an alkyl of‘l to 18 carbons; a poly-

hydroxyalkyl of 3 to 12 carbons;

(COOH)l to 3
q <O
{u

0 1l or 2

0

it
—c 00H2.<|:H-<|:H2;
ROOC A A



ci. ROCC

i (A),, :
'Cﬂz'CH'NH'ﬁ (all isomers):
0

:  ROC (R)y )
) I _ (all isomers):

R

3 RY R3 R¥ r3 RY

~CHCHNRZR "= ( CHCH)ZNR : and-(CHCH)BNs

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

(¢) R

is independently selected from the
group consisting of H and CH3;
(a) R, Ru,}RS, and R® are independently
10 ‘selected from the group'consisting of H and alkyl
of 1 to 18 carbons;
.(e) p is an integer of 0 to 50;
(f) q is an integer of 1 to 6;

(g) X is selected from the group consisting

15 of C or NH;



(n) A is selected from the group consisting
of C1 or Br; and
(1) provided further that when p is zero
and X is oxygen that R and Rl are other than a
35 'neopentyl group.
Preferably, the weight ratio of (i) to (ii)
is within the range of about 100:1 to about 2:1. _'”
' It is preferred that in‘the above tetrahalpph-
thalate ester (ii), R is an alkyl or subsfitu{éd
10 | alkyl of 1 to 10 carbbns, A is Br,'K is oxygen,
p is 0 to 20, and q is 1 %o 6. More preferably
R is
CH

3

-CHZCH-OH, ~-CH, -C_H, -C -C,H. -C_ H

3. 275 37,479 T6713.

15 CgHy,  ~CH,CHC Ho =Gy iy

. l . '
C R CH CH.H. C,H. H,
. 2}{53 S 3, 275, L9,

-CH

3 7.-06H13._C8H17,-CH2 *CHCQH9.-C H

l 1021

C.H
0 2'g, °F

| I
s =G Br
CH, 0
|
HO-CHCHzoé Br, and q = 1.
Br Br

-8 -
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In the tetrahalophthalate ester of ii; pre-
ferably p is zero, q is one, and X is oxygen.
Even more preferred is when also R and Rl are
alkyl groups and A is Br, Most preferably, the
the ester is di-25ethylhexyl tetrahalophthalate.

Another éspect of this invention is that

the composition may optionally also contain other

‘bromine and/or chlorine’ compounds such as those

that are well known in the art.

This invention also comprehends the method

of improving the flame retardanty and processability )

of the SMA resins by incorporating in the resin
the tetrahalophthalate compound as described above
alone or in combination with other bromine and/or
¢hloriné Tlame rétardants.. = .re

In practicing this invention, the tetra-
halophthalate by itself or additionally with
other brominafed ahd/or chlorinated flame retar-
dants is q@ded to the SMA resin in any convenient
manher, such as blending or extruding in order to
get a uniform composition. Flame retardant syner-

gists such as antimony oxide (Sb203) may also be
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added if.desired. In addition, other additives
such as thermal statilizers, ultraviolet stabi-

lizers, reinforcing agents, organic polymers,

" mold release agents, blowing agents, colorants,

and the like may also be optionally included.
A further advantage of the polyoxyalkylene tet-
rahalqphthélates alone or in 6ombination_with
other brominated and/or chlo#inated compoundé‘_:
as used in this invention is their improved com-
patibility with SMA resins.

Representative tetrahalophthalate compounds
useful in practicing this invention are as follows

(where A is Br or Cl1):

- 10 -
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- A
A COOH
A COXCHCH7OWH
A
A
A COOH
A c.:-NH(CHzCHzO)-H
A (o]
. A . f“)
A COOCH;—~CH=—OH
A COO(CHCHONeCH)
A
A CH,
A COOCH;—CH=—OH
A COOCHCHONH
A
A
A COOC  H4
A COO(CHCHONCH;;
A
A
A COOH
A COO(CHCHONCH)
A
A
A COOCHCH:)10CH)
A COOCH:CH:O=CH;
A

11

A COOR ROC

/)

A COOCH;=—CH~—OH

A COOXCH:CH;OrCH)

A mc}hCHzO)u-'ﬁ
A (o] A

A COOCHNCH)eCH:

A COOCHCH1nCH,

COO(CHCH0)—CH;
A A

A A
COOCHz?H-OH
CH;

COOH

A A
COOX(CH CHOrCH;,

A fH;
A COOCH:CH=—0H

A COO(CH;CH;O0»-CH:CH



A fH)
A COOCH ;CH=0OH

A COO(CHCH;OWCH)
A
A CH;
A COOCH:(ITH-OH A
0
A COGCHzCHzOu-c':
A

A fHJ
A COOCHCH=0OH
A COOXCHYCHO)soCH
A
COOCH;CH—OH

coocnx-—cn—or-i n-oc
l
COO(CH ;CH0)3g == C

>

A .
COOH
A COO(CHCHOLH
| .
COOH
A A
A COO(CHCH;0MH
A .
zCHzO)vCH;
A
A

coacu:cu,omu

>

A COXCH;~CH: =0y ¢

A
A COOH
A COO(CH;CH0)ygH
A
COOH
A A
A COO(CH ;CHOWH
A
CO(CH;CHORCH,
A A
A A
COOH
[ A )
A COOH ~CH:
]
?H-OH
A CwCHzCHzOh———CHz
- A -2
—CH;=CH,
N‘-fCHn:. H 'CH‘
~CHy~CH,

12 =



A
A COOH A COOH
CH;
A COO(CH;‘-CH:O)o-CHz-(IIH—NICHyh A C’Cb(CHzCH:Om-Cﬂ:-1CH\4-CHO
A A c‘m

A
A (o]

: A COOH
A COOH -C

| CH;
(?HOH\ i

A COO(CH=CH;0)(CH;CH10)
A COO(CH;CHOW | =~C ZO0)CH; 1oH
i A

A J

A A
A A
COOH
A 'CH) ?H) C'J A
) A COOCH:~CH=0H HOCH=CH;OC A
"y coo:cu;cnzou.,.———g A
A (o) A
COOH A
A A A COOH
O 2
N A A COO(CHCHOm—CCH;
COO(CH:CH;0),3H A
A
A COOH HoOC
g i
A commu—cu,ob.,,cux-cu-.wi
A [s) A
[ A ]
A COOH —CH;—CH:\
/-"‘C"vt-:f(ug
A COO(CH;~CHO®.30 | —CH;=CH;
A .
- -l o
- - A

—CHI—C—C}_HS' d
'~ /s A coo:cn;cngo)q,—cug—CHz (CHy)a
COYHICH: ~CH 0w —CH;

A\’/~\T,coon —01:\ “ COoH
L
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r ®

coo(cHzCHzO);CH!

A A

A A

COOCH;-?H—OH

A
A COOH
' ' CleHs
A COO(CH:CH:OX;.;;CH:CH:N(CH:)\-Cl(;
A

CHj
A A ‘
COOC;Hs A COCH
g COO(CH;—CHOrCH) A COO(CHZCHzOh‘ﬁ'fct(:)\-m—CH!
A A o
A C|H)
COOH A COOCH;—CH—OH
COOH
COO‘CHzCﬂzOb-f': COOCH;?H-?H; A CONH(CH:CH:O\;CH;
.0 A A A
The preferred compounds are:

Br - ?H) Br <|:H)
COOCHCH—OH Br COOCH;CH—OH
CC(XCH:CH:O)}..CH) Br CO=NH(CHCHO», .CHY

Be Be

Be CWCHxC)'hOy..CH)

COOC ; Hy Be Be
CG)(CH;CH:O),,.C)(; Be Be
B CO(XH{T'HOH
CHy
mog R P
COOCH :CH—OH RO~C Be 74 COOCHCH—O0OH RO—C
o] Q
1 (]
COO(CH  CHON e C B¢ B COXCHCHIONe C
Be 8¢
o
]
COOC ; Hy C ;HOC Be
3
COOICHCH O C B¢
Be
B
& C s .
\
c@ C,H;ﬁ w “ h Cx c.“|ﬂ
.Y c,oocu‘.'uq T H - Coo Cf Wiq

&r Cry

8¢

Br
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\—/ .

The R in the above formulas is

H CH
"3 .
‘-CHZ-CH-OH or -CH-CHZ-O .

- 15 -



The brominated and/or chlorinated compounds
that may bevused in combination with the tetrahaloph-
‘.thalates are anyéf.fhose that are Wéll known in .
' thé art. Preferred halggenated flamé.retardant |

examples are

- 16 -
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i
B COCH CHZOCHZCHZOH

TN §§§ 2
P OCH,,CHCH
2 3
-

0 OH

GZHS

r5

| @ Br
o OR"OH =
A : ) C-CH_Br
M@[ Ot
~ T COR'''OH. Br i
A .
0 Br
where R" and R''' are

alkylene or substituted alkylene

- 18 -



The SMA resins that may be used in the
present invention‘usuaily have the‘fdglowing

structural fdrmula:

~ - - -
H H H H H H
l l || b
c——C——C—C - c—C —1~
I I | |
0=C C=0 H H
\ / |
| 0 dm L 4n
5 - wherein m=1 to about 100 and n=0 to about 100,

The weight ratio of styrene to maleic_anhYdride
‘ maybvary froﬁ about'50$50 to.about 95:5,

’ The ratio of tetrahalophthalate 6r a mix-
ture of tetrahalophthalate and one or more bor-
16 minated and/or chlorinated compoﬁnds to SMA

resins that will impart flame retardancy to the
latter may vary from 1:100 to aboﬁt 1:2 depending
on the application. In addition, the ratio of
tetrahalophthalate to other 5rominated and/or
15 - chlorinated compounds may vary from 100:0 to
about 1:99.
.The compositions of this invention may ‘also

includé other additives such as thermal stabilizers,

- 19 -
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ultraviolet stabilizers, reinforcing agents,

organic polymers, mold release agents, blowing

agénts,'colorants,'efc.

'In order to illustrate the present inven-
tion, the following examples are presented. = These
are not to be construed as limiting the scope of

the invention.
EXAMPLE 1

.To 1, 392 g (3.0 moles) of tetrabromophthalic

'Aanhydrlde were added 1,050 g (3 0 moles) of Methoxy

Carbowax 350 in the presence of 2 .0 g of sodium
acetate. The mixture was heated at 90°C. for 8
hours in a nitrogen atmosphere. The reaction
mixture was filtered hot to rémove the sodium
acetate. The analytical data were consistent

with the assigned structure.

Br
Br. OO(CHZCH20)7 orCHB

B COOH

- 20 -
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EXAMPLE 2

To the compound of E\ample 1 were added
348 0 g (6. 0 moles) of propvlene oxide and 2.0
liters of toluene. The mixture was heated at
60°C.-100°C. The solvent and residual propy- -
lene oxide Qere removed to give the prdduct in
almost quantitative yield. The analytical data

were consistent with the assigned structure.

By |
Br _ COO(CH,C )7 oS 3
- B CO0-CH, ~-CH-OH
CH
3
EXAMPLE 3

To 92.8 g (0.2 mole) of tetrabromophthalic -
anhydride is added all at once 90 g'(O.Z mole) of

Carbowax 400 and the mixture heated to 120° -

"130° ¢, for 2;5 hours. The desired product is

isolafed in essentially quantitative yield as a

cleariyellow viscous liquid. Calcd. Mol. Wt.,

- 21 -
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864; found 865. Caled. % Br, 37.1; found 38.5.
The ahalytical data are consistent with the

assigned structure.

Br
Br OCH -
B : COO(CHZCHZO)gﬂ
Br «
av.,

EXANMPLE &4

To 240 g (0.24 mole) of the compound'of
Example 3 is added 45.3 g (0.24 mole) of trime-
litic anhydride and the mixture was heated at
155° C. under nitrogen for about 7 hours. The
infrared spectrum indicated the completion of
the réaction by the substantial disappearance
of the anhydride absorption band at 5.65u. The
product was isolated in essentially quantitative
yield. Analy, Calcd.; % Br, 29.4; Mol. Vt.,
1,014§,néatfalization equivalent, 351. The

spectral data was consistent with the structure.

- 22 -



Br
Bj:]:j:I::OOH COOH - .
B OO(CHZCHZO)g-?-et:>>—-COOH

EXAMPLE 5

To 156.3 g (0.18 mole)-of the compound
of Example 3 is added 70.9 g (0.18 mole) 2,3-
5 dibromopropyl trimellitate. The mixture 1s

heated at 13o° - 140° C. for 6 hours with

stirring'tb'giVe the prdductlas;a brown opaqae

oil. Isolation afforded the ?foduct in essen-
tially quantitative yield and the analysis was

10 consistent with the structure being:

COOH

: C -C |
==98$9H2 H,0)g %—;z::>-COOCH2TH-?H2

Br Br

¥ , (and isomers)

- 23 -



EXAMPLES 6 to 11

The following preparations were carried out
as in Example 3 using the reactants set forth

below.

5 Tetrabromo
Example phthalic : : 4
No. Anhydride Hydroxy Compound Product Structure

Br
6 1.0 mole HOCHZCHZOCHZCHZOH Br COOH _
‘ Br NI~ COO(CHGHO HH
r : .

7 1.0 mole HO(CH,CH,0) H
(Carb%wa§

Br
1.0 mole Br COOH .
: B 00(CH..CH..0
A 2

av.
Br
8 1.0 mole HO(CH,CH,0) Br COOH
(Carbowai 668)
av.
9 1.0 mole HO(CH,CH H Br. COCH
(Carbowa§ 650) :
1.0 mole Br OO(CHZCH20&3H
) r ;
av.
r
10 .10 1.0 mole HO(CH,CH,0) B COOH
(Polygly olué 2000) .
1.0 mole OO(CH20H20L5H
av.
| B Br HOOC Br'r
r >
11 2.0 mole HO(CH.C H OOH ()
‘ (Caro%wa§ 80) Y Br
1.0 mole . Br OO(CHZCHZO) - br
Br é

av.

- 2l -
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EXAMPLE 12

To 96.4 g (0.2 mole) of.tétfabromoter-
phthélic acid is added all at ance 160 g (0.2
mole) of Carbowax 400 and 300 g of toluene con-
taining 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 ﬁressure to give a clear

viscous ligmid in essentially quantitative yield.

"COOH
. Br Br
Br Br
OO(CHZCH20)9 orH

EXAMPLE 13

To 86.4 z (0.1 mole) of the compound of
Example 3 is added all at once 21.8 g (0.1 nole)
pyromeliitfd dianhydride and the mixture to
120d ~130° C. for 2.5 hours to give the desired
product. Water, 1.8 g (0.1 mole), is added to
open the femaining anhydride group and the ana-
lytical data are consistent with the assigned

structure.

- 25 =



Br
Br COOH
HOOC

Br ' '
OO(CHZCHZO)g-C

~ Br

EXAMPLE 14

To 86.4 g (0.1 mole) of tihe compound of
Example 3 is added all at once 10.9 g (0.05 mole)
of pyromellitic dianhydride and the mixture
neated to 120° - 130° C. for 2.5 hours to give
the desired>product. The analyticalldata are

consistent with the adsigned structure.

' 0
o _ I
— i
Br COOH
‘Br COOH :
B o — A

COO(bHZCH20)9 HOOC C
. Br . I
L aV. O

(and isomers)

- 26 =
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EXANPLE 15

To 86 L4 g (0.1 mole) of the compound of
Example 3 is added all at once 21.8 g (0.1 mole)
of pnthalic anhydride and the mixture heated to
120° - 130o C. for 2.5 hours to give the desired
product. The analytical data are consistent with

the assigned structure.

B COOH HOOC
coo(cazcnzo)g-f

Br/ ‘ | 0

EX{ANPLE 156

To 139.2 g (0.3 mole) of tetrabromophthalic
anhydride is added all at once 122.9 g (0.1 mole)
polyoxyethylated trimethylol propane of molecular
welght, 1229hand the mixture heated to 120° - 130°C.
for 2.5 hours to give the desired product. 'The
analytwcal data are con51stent with.the assigned

structure.



o CH
Br COOH ‘ BN |
o —CH—C—C_H
‘ | s
B 00(CH,CH,0) o, ‘ CH, 4
L Br A ' 13

EXAIPLE 17
To 139.2 g (0.3 mole) of tetrabromoéhthalic
‘annydride is added 2ll at once 156.8 g (0.1 mole)
polyoxypropylatéd trimethylol propane of molecular
weight 1568 and the mixture heated to 120° - 130°
¢, for 2.5 hours to give the desired product. The
analytical data are consistent with the assigned

structure.

Br s
COOH -CH
Br CH3 ' 2\\
A " CH;—C—C K,
Br COO(CH P
(CH,CH,0) 9av———CH,,/
Br ‘ 3 ~
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EXANPLE 18

To 284 0 g (l 0 mole) of tetracnlorophthallc

anhydride is adaed 350.0 g (l 0 mole) of Ilethoxy -

Carbowax 350 in presence of 7.0 g of sodium ace-

tate. The mixture is heated at 90°C. for & hours

in a nitrogegn atmoéphere; The reactidh mixture

ig filtered hot to remove sodium acetate to give

the expected »roduct in nearly quantitative yield.
The analytical data are consistent with the assigned

structure.

c1l

~ r r\\ H
Cl bOO(CHZL,H~ 7avc'3

¢ COCH
EXAMPLE 19

To 634.0 g (1.0 mole) of the conposition

of Example 13 is added 116 g (2.0 moles) of

propylene-oxide in 200 ml of.tuluene.' The

rezction mixture is heated fron 60 —lOOOC for



wn

10

3-5 hours, and then concentrated to give the
product in nearly quant}taﬁive yield., The .
analytical data are consistent with the assigned

structure.

C1 |
o COO(CH,CH,0),, CH.
c1 COOCHZ?H-OH
c1 CH,
. v

EXAMPLE 20

To 284.0 g (i.O;mole) of tetrachlorophthalic
anhydridé is added 200.9 g (1.0 mole) of.Carbowax
200 in the prezence of 7.0 £ of sodium acetate.

The mixture is heated at 9OOC. for 2 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.
c1

c COO(CH,CH,0),,  H

Cl COOH

Cl
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anhydride is added 400.0

EXANPLE 21

~To 484.0 g (1.0 mole) of the product of

Example 20 is.addéd 116.0 g (2.0 moles) of pro-

- pylene oxide in 200 ml of toluene. The reaction

. . .
mixture is warned at 60°-100°C, for 3-5'hours,

and then concentrated to give the product in
necrly quantitative yield. The analytical data

are consisctent with the assigned structure.

Cl
¢l COO(CH,CH,0),  H
1 COGCHz—TH-OH

EXALPLE 22

To 284.0 g (1.0 mole) of tetrachlorophthalic

c (1.0 mole) of Carvowax
LOOQ in the presence of 7.0 g of sodium acetate.

, /
The mixture is heated at 9009. for 8 hours in a
nitrogen atmosphere. The reaction mixture is

filtered hot to remove sodium acetate to generate
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tpe expected product 1n nearly quantltaulve

yleld. The analytlcal data are con51stent with

the assigned,structure.

Cl £l

Ci COO(CH CH O)9a§H

C COOH

EXANMPLE 23
.To 46.4 g (O 1 mole) of tetrabromophthalic
anthrlde is added all at once 4h,1 g (0. l'mole)
of polyoxyethylated dimethylamnine (CHB)ZN(CH CH 0)9

av H) dissolved in 100 ml of toluene. The mixture

N 1 A0 - .
was heated at 100°-120°C. for L-5 hours and then
concent t d to give the desired product in essen-

tially quantitative yield. Tho analytical daua '

are consistent wi*n the ascsigned structure,

o Br

.

N(-CH CH 0-)

(CH3)2 Oav“

_‘32 - | v



EXANPLE 24

To 92.8 g (0.2 mole) of tetrabromophthalic

anhydride is added 80.0 g (0.2 mole) of

o g
H N-CH-CHZ((OCHé—CH-)S H

2 .éavh 2
(Jeffamine D-400) .and the mixture heated to about
120°C., The final product is obtained in almost
quantitative yield. The analytical data are

consistent with the assigned structure.

Br
Br COCH
CH CH
43 | 3
B » ‘. v _OH_ "
r COIHCH CH2(CCd2 CH )5.6aVLH2
Br ‘

EXANPLE 25

Poly(ethylene glycol 300}, 20L.5 g (0.67

mole) was refluxed (T=117°C.) with 600 ml of
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toluene for 1.5 hours in order to remove a snall
amount of water present in the glycol. The mix-
ture was cooled to abéut 100°C. and tetrabromoph-
thalic anhydride, 614.5 g (1.35 moles) and éodium
acetate, 1.62 g were added and the mixture was
reheated to reflux and held for 25 houré. After
the mixture was cooled to SOOC., 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 dis-

Y

tilled to remove the solvent to zgive 904.1 g of
product as.a viscous liquid.
Calcd. % Br, 47.4. Found # Br, 46.5. Analy-

tical data is consistent wish the assigned structure.

0 H

H 0]
B Br
S | Lol
Br. 00CH,CCH , CH.CH.C r
Lb 3 J& 2
H H
B SN0 — — r
€0 —(CH,CH,0) g _,—0C

Br

- 34 -



EXANPLE 26

This compound was prepared by the procedure
described in Example 25 except that poly(ethylene
glycol 200) was used in place of poly(ethylené
300). Product is viscous liqgid.

Calcd. % Br, 51.0. Found % Br, 49.3. Analy-

tical data was consistent with the assigned structure.

. 0
Br || ? H O Br
B I .
T COCH,CCH CH_,CH,COC r
L b
Sr . - , Br
CO—(CH,CH,0), ~C
Br 2727 w5 | ér
0 0
EXAMPLE 27

This compound was prepared by the procedure
described in Exampie 25 except that poly(ethylene
zlycol 600) was used in place of poly(ethylene
zlycol 300). " Product is a viscous liquid.

Caled. % Br, 39.5. Found & Br, 39.3. Analy-

ticz]l data is consistent with the assigned structure.

_35_
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Br Icl) }I* f ﬁ Br
1 ¥ ok ~
Br COCH,CCH, c.{aafr{zboc By
5 !JH OH
CO— (CH.CH.,0) —C Br
r " 2°7°27712-13 g Br

EXANMPLE 28

This compound was prepared by the procedure
descrived in Example 25 except that poly(ethylene
glycol 1L00) was used in place of poly(ethylene
zlycol 300). Product is a viscous ligquid.

" Calcd. % Br, Lb.2, Found %vBr, 4L ,0., Analy-

ticzl data is consistent with the acssizned siructure.

0 H H 0
B [
Br CQCHZ?CH3 CHBTHZCOC Br
- OH Cil
Br \\\\ Br
CO—(CH,CH,0) S
27°°27/8-9

w
L8]

Br l(!



EXALPLE 29

Methanol (54.1 g, 1.5 mole), tetrabromo~
phthalic anhydride (695.6 g, 1.6 moles), and
potassium acetate, 2,73 g viere refluxed for 4
5 hours with 500 nl of toluene. After coolinrg
the recction mixture to room temperature, Dpro-
pylene oxide (87.12 g, 1.3 moles) were added
and the mixture reacted at»80°C. for 2.5 hours.
Product was obtained as a viscous liguid after
10 distilling out the toluene.
Calecd. % Br, 57.7. found % Br, 57.2. #naly-

tical data is consistent with assigned structure.

Br
Br.

Br

This compound wasg prepered by the procedure
similar to that descrived in Example 29 except

that methoxycarvowax 350 was used in place of

1
)
ﬂ

!



methanol and ethylene oxide in place of prody-

lene oxide.
calCdc % BI‘, 3708. FOU.nd"% BI‘.IB?.Z. Analy"

tical data is consiztent with assigned structure.

0
Br Il
Br CO-(—CHZCH20)7CH3
3 4. OH
r ﬁOCHzclzoh
Br 0
5 EXALIPLE 31

This.compound was prepared bY the procedure
in Excnnle 29 except that 2-methoxyethanol is used
in place of methanol. Product is viscous liquid.

Calcd. % Br, 53.6. found % Br, 52.0. &naly-

10 tical data is consistent with the assizned structure.
Br o H
|
Br COCHQCCH3
|
OH
Br r
COCHZCHZOLrI3

Br.»\"
9



EXANPLE 32

This compound was prepared by the procedure
outline in Example 29 except that methoxycarbowax
350 was used in place of methénol and epoxybutane
in place of propylene oxide. Product is a viscous
liquid.

Calcd. % Br, 36.5. Found ﬁ Br, 37.2. Analy-

tical data is consistznt with the assigned structure.

Br O O
B p:ocn c‘:c
T
’ B OH..
Br .

EXANPLE 33

This compound was prepared by the proceduré
outlined in Examnle 29 except that 2-ethylhexa-
nol-1 was used in place of methanol. Product
is a viscous liguid.

Caled. % Br, 50.0. Found % 52.7. Analytical

data is cosnsistent with the assigned structure.

. _
B
T |
Br o : COCH,CCH.,
_.' 2D
CH
Br COCH,CHC
Br u l
6}

1 l\
\}JU’\
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This compound was prepared by the procedure
descrited in Example 29 except that stearyl alco-
nol was used in place of.methanol. Product is

5 a viscous ligquid.
Caled. % Br, 41.0. Found % Br, 43.0. Analy-

tic2l data is consiztent w1ith the aszigned structure.

C H
N
=24 COCHZCJJ)CH3

H

CH3

B
r (l‘iO(CHZ)17

B
- r O
"J:‘“ “‘XL: ol I'I 3 5

10 This compound was prepared BY the procedure
described in Example 29 except that 2,3-divbromo-
propanol-l was used in place of methanol. Product
is a viscous liguid.

Caled. % Br, 64.8. Found % Br, 61.9. Analy-

15 " tical data is consictent with the ascigned structure.

Br | Ii{'

Br docu. cox

. <4 5
. OH

er ~-CCCH,CHCH, Br

2 2

. Br | r

- IO =~
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EXANFLE 36

This compound vias prepared by the procedure
outlined in Exanmple 29 except that epichloro-
hydrin was used in place of propylene oxide.

Calcd. % Br, 35.7. Found % 35.4. Analy-

'.J-

tical data is concistent with the assizned structure.

0 H
e L | e Sa
Br C e f\:v ~
CH G Gl
OH
- Br CO(CH.CH.0).CH
. By ( 272 )7 3

To a solution of methoxycarbowax 350
(300.0 g, 0.89 mole) in ary %oluene (184 ml)
was added sodium methoxide (48.0 g, 0.90 mole)
in nethanol. The methanol was then distilled
off atmospherically. Petrabromophthalic anhydride
was then added (4£2.2 g, 0.89 mole) along with
an additional 50 ml of toluene. The reaction
nmivture was refluxed for 2 hours and after cool-

ing to room temperature, epichlorohydrin (1L06.94
[ .

- L1 -
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g, 1.16 moles) was added. The mixture was
refluﬁed for 20 hours. After the solvent and
excess epichloroﬁydrin were distilled, a vis-
cous dark product was‘obtained. a

Calcd. % Br, 37.2. Found % Br, ho.hu

Analytical data is consistent with assigned structure.

Br 0 .
)
Br OCHZCH——>yn2
. 0]
CH.0).CH
By’ G0(CH,CH,0) i3
BI‘ O

EXAMPLE 38

Methoxycarvowax 350 and toluene viere
refluxed for 1 hour in order to distill out
a small anount of water. Tetrabromophthalic
anhydride (1:1 mole ratio with methoxycar-
bowax 350) and sodium acetate were added and
the nmixture Peflli®ed for 17 hours. After cool-

ing to room temperature, an excess of diazome-

o

thane (prepared from the decomposition of I-methyl-

i-nitroso-ptoluene sulfonamide by sodium hydroxide)

o - P -
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in ethyl ether was added and the mi:ture allowed
to stend overnight. The excess diazomethane was
decomposed by addiﬁg acetic acid and the solvent
rémoved Ey distillation. Product is viscous
5 1iquid.
Calcd. % Br, 39.2. Found % 3r, 37.4. #naly-

tical data is consistent with tre assigned structure.

Br 9 .
Br__ !OCH
- 3

B
| r CO—{—CHZCHZO),?CH3

Br %

- XALPLE 39

10 Di(2-ethylhexyl) tetrabromophthalate was
wrepared by the procedure descrived by Spatz et.al
(I & EC Product Research and Development), Vol. 8,

To. 4,395 (1969).

Br
B COCHZCHCLLH9
B ZHS
COCH_CHC, H
Br I 2| 9
' CZH5

- 43 -



KALrLE 2O

Poly(ethyléne glycol 600) 885.4 g (1L.40
moles), tetrabromophthalic anhydride, 1298.4 g
(2.80 moles), potassium acetaﬁe, 1.35 g, and
toluene (1000 g) were charged into a one-gallon
zlass-lined reactor and heated to 120° C. After
L hcurs at this temperature, ethylene oxide,
246,58 z (5,60 moles) was pumped into the reac-
“tor in 3/4 hour while naintzaining the temperature
at lZOOC. ~ter one hour longer of heating, the
mixture was'cooled +o room temperature, the
eicess ethylene oxice was then vented, and the
preduct collected. after stripping off the
toluene, 2250 g of the product was isolated in
99% yield as a viscous liquid.

Calecd. % Br, 39.2. Found % Br, 38.8. Analy-

tical data is conzistent with the assigned structure.

0 7
| HOCH_CH, OC
. COCHZCHZOH 272
BrL“ BrL}
CO YT CV
G0(CH, ’{20)12-15—@
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EXALFLE 41

To the product of Example 3, L453.8 g
’(0.27 mole), acetic anhydride, 83.4 g (0.82 mole),
potassium acetate, ‘1.0 g, and tolueng, LGCO ml, were
5 refluxed for 8 hours. After cooling to room tem=
perature, the reaction mixture was transferred
to a separatory funnel and extracted first with
100 ml of a 165 potassium bicarbonate soluticn
and then with 100 ml of water. After distilling
10 off the solvent, 335.0 g (647 yield) of product
was obtained as a viscous ligquid.
) Calcd. % Br, 356.8. Founda % 3r, 32.9. Analy-

tical data is consistent with the assigned structure.

0 HO O H
gO H lOgCH CH gOéCH 0@
e X
Br,, b 7 ony Br,,
CH.C '
CO(CH,CH,0) 15 1 5 ﬁ
0 0
EXAMPLE 42

Tetrabromophthalic anhydride, 231.9 g
(0.50 mole), 2-ethylhexanol, 130.2 g (1.0 mole),

- 45 -
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and potassium acetate, 0.24 g were heated to and
kept at 120°C. for 4 hours. The mixéure was
cooled to 60°C. and potassium carbonate, 35.9 8
(0.26 mole), was added. Reheated mixture to
80°C, and kept it at this temperature for 2
hours. Cooled mixture to 60°C., and added tri-
ethylamine, 14.2 g (0.1% mole). Reheated mix-
ture to ?OOC. and added methyl iodide, 113.6 g
(0.8 mole) in 20 minutes. Heated mixture to
700-7500. and kept it at this temperature for

2 1/2 hours. Cooled mixture to room temperéture
and filtered it in order to remove by-product

potassium iodide. The filtrate was distilled

. +to remove toluene and 290 g of crude product

was collected as a pale yellow liquid. Extrac-
ted this product with 3 times 100 ml of a 6.5%
potassium carbonate solution followed by 2 times
100 ml of water and once with a 30% sodium
cnloride solution. Dried the organic phase over
anhydrous magnesium sulfate overnight. Filtered
off magnesium sulfate and after removing the

solvent from filtrate Dby distillation, 204 g of

- LE -



product was obtained in 67% yield as a pale
yellow ligumid. ‘
Calcd. % Br, 52.6. Found % Br, 52.2. 4naly-

tical data is consistent with the assigned structure.

. - i) .
OCH
. COCH2|-04H9
L CZH5

EXANPLE 43

Tetrabromophthalic anhydride, 231.9 g
(0.5 mole), 2 -(2-methoxyethoxy)-ethanol, 360.5
= (3.0 noles), stannous oxalate; 2.32 gz, and
10 xylene, 2CC ml, were refluxed (temp. 160°C.)
for 18 hours during which time, theory water
was collected. The xylene and excess 2-(2-me-
thoxyethoxy)-ethanol were distilled under reduced
vressure to give 332 3 of crude product as a wet

15 white solid., Redissolved 256 g of this material

in toluene (1000 ml) and extracted it with 3 times



200 ml of & 7.5/5 potassium bicarvonate solution
followed by one extraction with 200 ml of water.
Dried the organic phase with anhydrous magne-
sium sulfate overnight. After removing the

5 nagnesium sulfate by filtration, toluene was
removed by distillation to give 45 g of a yellow
liquid product. Overall yEld is 17%.

Caled. % br, L4.6. Found % Br, 45.7.

Argl:otical data is consistent with the assigned

10 structire.

0

- oC
. HZCHZOCHZCHZOCHB
T
CCCH_C
; ,CH,0CH,CH, 0CH 4
0

EXANPLE 44

This compound was prepared oY the procedure!
outlined in Example 43 except that 2-{2-methoxy-

ethoxy)ethanol. -
. 0

S il
_@: C OCHZCHZOCHZCHZOC ZHS
Br
L
Cco
o g CHZCHZOCHZCH20C2H5

- g =



EXANFLE 45

This compound was prepafed by the procedure
outlined in Exémple 1 except that docosyl alcohol
(behenyl 2lcohol) was used in place of poly(ethy-
5 lene glycol 600) and propylene oxide in place of
ethylene oxide. FProduct is a viscous liquid. |
Calcd. % Br, 37.7. Found % Br, 3%.5.
Anal:rtical data 1is consistent with the assigned
structure.
f H
) _{Zizi[:iOCHzégﬁ
Bru 3
EO(CH

212158
10 EXALFLE 46

This compound was prepared by.the rrocedure
outlined in Exagple 1 except thav tricontyl alco-
hol was used in place poly(ethylene glycol 600)
and propylene oxide in place of ethylene oxide.

15 Product is afviSCOus liquid.



(o} H
it
COCH_.COH
. 2|
CO(CH2)290H3

o

EXAMPLE 47

'This compound was prepared by the procedure out-
. O
lined in Example 4 except that methoxycarbowax 550 was

used in place of 2-(2-methoxyethoxy)-ethanol.

0
Il
CO(CH,CH,0),,CH4
Bru
2 i rO(CHZCH20)11CH3
A
EXAMPLZS L48-52
In the following examples, the flame retardancy
of the compounds of this invention are demomstrated,
The compositions were prepared by mixing together the
10 the flame retardants, antimony oxide, and SMA on a

roller until the compounds were blended throughly. The
compounds were pelletized at 950-24500. and then injec-

tion molded into test specimens at 190°-204°C. The

- 50 =



UL-94 vertical burn test was run and compared to a
control consisting of SMA itselfe Melt flow of the
various materials were determined according to ASTM
D=-1238.
5 SMA- Styrene-Maleic Anhydride Polymer
DBDPO-~ Decabromodiphenyl Oxide (83% Bromine)
DOfBP~ Dioctyl Tetrabromophthalate (45% Bromine)

AO~ Antimony Oxide

TABLE 1
10 Example Noe.
43 L9 50 - 51 52
smale) 100.0 82.7 81.5  80.4 7648
DBDPO - 12,8 12.4 . 11.0 6.9
DOTBP ~ - - 2.6 5.1 1208
Antimony Oxide - - 35 3¢5 3e5 3e5
15 UL .94 Rating
@ 0.0125" Failed V-0 V-0 V=0 V-0
@ 0.63" _ Failed V-0 V-0 V-0 V=0
Melt Flow - 1.16 1.84 2,08 3,32 6476
(g/10 min.)
(@)Arco Chemicals Dylark R 250
20 V The above clearly demonstrates the flame retardancy

of the composition of this invention relative to the

contnl.

- 51 -
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These composition have at least equal flame retardancy

to a common commercial conventional flame retardant,

DBDPO.

Example 49-52 are all run at equal bromine levelse

Partial‘replacement of DBDPO with the compositions

of this ihyention results in enhanced flow characte-

ristiécs as shown by the improved melt flow properties

measured according to ASTM D=1238,

EXAMPLES 53-56

The following tests were performed on the various

materials according to the appropriate ASTM method.

1.
2e

3e

Impact Strength-ASTM D-256

Tensile Strength—ASTM D=638

)
Heat Deflection Temperature (HDT)=ASTM
D-648

Melt Flow-ASTM D=1238

- 52 =
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TABLE II

Example No.

- 53 54 55 56
ALY 100.0 82.7 81.5  80.4
DBDPO - 13,8 . 12.b4 11.0
DOTBP - - 2.6 5.1
Antimony Oxide - 345 3.5 365
LoIx 18.7 2706 28.6 2301
UL/94 Rating |
@0.0125" Failed V.0 ¥.0 V.0
@ 0,063" Failed V.0 V.0 ¥.0
Notched Izod 263 1.02 1.56 1.96
_ (1bs/inch)
Tensils Strength & 3950 3880 2830 3700
(Yield)
- (PSI) |
% Elongation 8.7 7ol 77 8311
HDT (°F.) 197 197 191 192
Melt Flow 1.16 1,84 2.08 3e32
(g/10min) ‘ | |

Ta)Arco Chemicals Dylark @ 230
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As can be seen from the data above, compositions
containing the flame retardiints of this invention greatly
improve the impact strenght relative to the commercial
flame retardant, DBDPO, while maintaining both tensile
strenght and percent elongation properties. Also the
heat distortion temperature (HDT) of the compositions of
this inventioh_are comparable to both‘the control and
to DBDPO.

The data above clearly demonstrates the improved
processability of the compositions containing the ﬁaterials

of this invention.



I claim:
e A uniform flame reyafdant composition comprising
(i) a resin consisting essentially of styrene~

maleic anhydride having the following general

5 . formula:

= N [~ T

H H H H 'H H

I | [ | I

C C C o] C T

I
0=J: L:O H H
\\0”

4 L n

wherein m is a number from 1 to about 100 and
n is a number from zero to about 100; and
(ii) a flame retarding effective amount of a
tetrahalophthalate ester flame retardant

processing aid of the formula:

A 9o
A i
COR |
A CX(CHCH.0) ——R*
2°°p
bl
A R N
. q

- 55 =



wherein

(a) 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,

5 polyhydroxyalkyl of 3 to 10 carbons, and

8
—(-CHCHZO)SR

where R8 is an alkyl of substituted alkyl of
1 to 18 carbons, and b is 1 to 50;
‘ 10 (v) ,R1 is selected from the group consisting of
. hydrogen, an alkyl or substituted alkyl of 1
;o 9 carbons, alkenyl or substituted alkenyl

of 2 to 22 carbons,

0
s !

where R’ is an alkyl of 1 to 18 carbons; a

polyhydroxyalkyl of 3 to 12 c,rbons;

- 56 =



c (COOH), 3
I -
0) 1or2

-C °°°“Ha‘fH‘THZ‘

ROOC . A A
o ROOC
~CH ,~CH-NH~C
0 Ol
I o

(all isomers);

" (all isomers);

4 ! {
| R°R RORY
|

| ] l
-CHCHNRSRG; -(CHCH)ZNRS; and -(CHCH)BN;

with the proviso that the valence of R1 is equal to qj
(e) R2Ais independently selected from the group consisting
of H and CHB;
3 b 05 6 .
10 (d) "y R, R”y and R~ are independantly selected from the

group consisting of H and an alkyl of 1 to 18 carboné;

(e) p is an integer of O to 50;
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2.

7e

(f) q is an integer of 1 to ;

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

(h) A is selected from the group consisting of Clor
Br; and

(i) provided further that when ﬁ is zero and X is
oxfgén that R and R1 are other than a neopentyl
group. |

The composition of claim 1 wherein p is zero, and q is

one and & is oxygen.

The comﬁosition of claim 2 wherein R and R1 are alkyl
groups and A is Br,.

The composition of claim 3, di-2-ethylhexyl tetra-

bromophthalate.

‘The composition of claim 1 wherein the weight ratio

of (i) to (ii) is within the range of about 100:1 to

agout 2:1.

The composition of claim 1 wherein said tetrahalophthalate
ester of (ii) R is an alkyl or substituted alkyl of 1 to 9
carbons, A is Br, X is oxygen, p is © to 20, and q is 1 to 6.
The composition of claim 6 wherein B is selected from tﬁe

group consisting of



Be

cHy
|E ‘OH
F:H:
i Br
‘ Br ’ Br e .
O L. —OCH;CHIOH  Br OCHCH:0
¢|2H;
3 Ber Br Br
34
Be Br OH
- CHy
H3CHCH <|: OCHCHCH;Br Brs
rér éH; ér
‘ Br Br
Br
CH;j;
CHymCHCH ¢ OCH;CH=CH;
(|:H;
- Br
Be Br
i CHy ""“/
CHz-égOCPhCH:O (|2 O OCH;CH;0CCH=CH;
&y '
Br ’Br
Be
B O OH
Be
o ‘ [o] -
Bry !: g
\ /
o Brq NCH;CH;N Bra
‘ _ ‘“_@[c/ \c]@-
| 8 &
3 o o
y g l': Br
\NCHxCHzN/
~/ \e Br
b . By A S T
1 (x+ymsb

- 60 =

Br



0
gOCHZCHZOCHZCH OH

2
Br
L CZH5
SOCH,,CHCH
2‘ 3
OH
Br5
Br Br
Br Br
’ Br By
0 Br

:E:’—‘

|
JOR"OH —CH_ . Br
RO |
L
COR'''OH Br
g Br

where R" and R''' are

alkylene or substituted alkyléne

- 61 -
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10. A method for preparing a flaae retar-
dant composition having enhanced processability
properties which comprises.incorporating a flame
retarding effective amount of the tetrahalophtha-
1ate ester of claim 1 (ii) in a resin consisting
essentially of styrene-maleic anhydride.

11. The metnod of claim 10 wherein the
weight ratio of styrene-maleic anhydride resin
to the tetrahalophthalate ester is within the
range of 100:1 to about 2:1.

12. The method of claim 10 wherein in
said tetrahalophthalate ester of claim 1(ii) R
is an alkyl or substituted alkyl of 1 to 9
carbons, A is Br, £ is oxygen, D is 0 to 20,
and g is 1 to 6.

13. The method of clain 10 wherein iﬁ
said tetrahalophthalate ester of clain 1(ii) p
is zero, and g is one and & 1s oxygen.

14. The.nmethod of claim 10 wherein in
said tetrahalophthalate ester of claim 1 (ii)

R and RL are alkyl groups and A is Br.

- 62 =



15. The method of claim 10 wherein said
ester 1s di-2-ethylhexyltetrabromophthalate.
16. The method of claim 12 wherein R

is selected from the group consisting of

CH
2 ‘ CH
_CHZCH—OH, -CHB’ _CZHs’ -C 3}{7, "’CLLH9’- 13,
_08 17° and —CH ?HCu 94
CZHS

R, is CHy, C2H.' CyHo, H, -CgH,, ~Cglyq

-CH —CHC4 9 or

l

CZHE

-C8Hl7,

CH 0.
REAN
HO_“HCHZOC Br; and q 1
Br Br



17. The method of claim 10 wherein the
resin includes other wrominated or chlorinated
flame retardants or mixtures thereof.

18.’/§he method of claim 17 wherein said
brominated flane retardants are selected from

the group consisting essentially of

Br
Br
CH -
| 3
H C OH
- |
CH
Br 3 or
o1 Br B
3r 0 0 Br
B B z
r L r _J n o




Br Br

CH
| 3
("1
HOCHZCHZO f OVAZCHZOH
' CH
Br 3 Br
br Br
B
r CCH,CH, 0 Br
Br Br
: Br CH Br
{ 3
THZ?HCHZO ? OCHZ%HC ZBr
Br Br By CH3 Br Br
OH



or . " '
\
‘ <'3H ) .
CH;==CHCH <|: O OCH;CH=CH,
. CHy ' )
- Br ' . -

Brs
/
Brg
\
. - . " ) .
] o [o)
. . o) 0 '
i | i
Be, (o] C Br .
\ /
NCH,;CH;N
: - / \ _
Bem C [ Be )
: il i}
Beg - Bry - [o} [o}
x4y =g '
. ﬁ )
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