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BACKGROUND OF THE INVENTION
Field of the Invention _

The pfesent invention relates to vinyl aromatic
resin compositions and more. particularly flame
retardant vinyl aromatic resin compositions.

Description of the Related Art

Brominated flame retardants and their use to
flame retard vinyl éromatic resins such ' as
acrylonitrile-butadiene-styrene (ABS) graft
copolymers are generally known. More specifically.
the use of brominated bisphenol A in ABS graft
copolymer compositions is known. Such Zlame
retarded compositions, however, typically suffer
from-one or more of the following deficiencies as
the result of incorporating the flame-retardant.

namely., (a) poor ultraviolet 1light stability., (b)-

poor thermal color stability, (¢) tendency to bloom,
(d) low heat distortion temperature, (e) tendency to
char, (f) low impact strength and/or poof melt Zlow
(high viscosity). Additionally, various previously
known compounds contained reactive groups which
could undesirably lead to degradation of <the
thermoplastic resin.
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thernopl astic resin. ' 2

Consequently, there is a need to provide a flame retardant .vinyl
aromatic resin conposition . overcom ng one or nore of the above:
deficiencies, - "~ and nore particularly exhibiting in conbination (a) 5
no bl oom - (b) good ultraviolet light stability, (c) thermal stability,
(d) suitable levels of heat distoréion tenperature, inpact strength
and nelt flow (sufficiently low viscoSity), and (e) h nimal-

res Summary of the

d d f th h |
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resin conpositi oﬁlamet arenaxgiant awingl cdrematic coeddnsatompopivilont of a _'

hal ogenat ed ar orgiechdhy oneih Pl Kskenned hialydioae Ihe chndgpsat ion

product 15 is in goners, genera
pol yet hers, and agdumeradndrtncuh@rbbng&&ibibhngnln Comhb@ﬁtsosuﬁa)0|ent to

ennance f1ams | char 8986K, Olo) gobl%EOPROSHILEMIdHE BEQBUELLYS REF! orably

free of reactive end grou e conposlitions are useful
making flanme rER@FRad $¥EP¥%$ﬁﬁst|E¢)rnﬂqiﬁfble &PWPéﬁes°§ucﬂe§§

aut onot i ve partsdﬂﬂﬂo?ﬁibﬁeﬁ?empermé ne*ﬁﬁﬁé'tngétrength and Reigil ed
Descri ption of tEialnven IO OSItI%Hf ge t he Eresent

i nvention 25 (FHff%Fnﬁpt&Voﬁﬁﬂ<¥¥§§9§+t¥ﬂui? | Bh@ima
retardant. The vdegradaemehi oft hRenopesmbptakesicnresini.s preferably present

in the corrp? gition at a level S ﬁf frﬁg-S()éQ,egg g&gcent by wei ght based
on the otal weight of th rably 30 from60 to
90 percent by wei ght Therpnésemmdinmemition ipywsflatesblayvinyin aoomat86 per cent
by wei ght thereotesin composition containing an amount of a
condensation product of a halogenated aromatic diol
. and an alkylene dihalide. The condensation produ;t

15 is in the form of oligomers, generally halogenated
polyethers, and is included in the composition in
amounts sufficiént to enhance flame retardancy of
the composition. The product is preferably free of
reactive end groups. The compositions are useful -

20 for making flame retarded thermoplastic molded
articles such as automotive parts and bUéiness_
machine housings.

Detailed Description of the Invention
The compositions of the present: invention
25 contain (a) vinyl aromatic resin, and (b) a flame
- retardant. The vinyl aromatic thermoplastlc re51n'
is preferably present in the composition at a level
of from 50 to 95 percent by weight based on the
_ total weight of the composition, more preferably

30 from 60 to 90 percent by weight thereof, and most
preferably from 70 to 80 percent by weight thereof.
Suitable wvinyl aromatic resins include 'styrenic
resins such as polystyrene, poly(a-methylstyrene):
impact polystyrene, styrene-acrylonitrile
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Suitable vinyl aromatic resins include styrenid resins such as

pol ystyrene, poly(a-nethylstyrene); "I npact pol ystyrene,

" styrene-acrylonitrile 3
copolynmers, and vinyl aromatic graft copol yners such as
acrylonitrile-butadi ene-styrene (ABS) graft- "copol yners. The
conpositions may also contain anDths of another thernoplastic resin
such as an 5 aromatic pol ycarbonate .resif, a polyester resin, a

pol yphenyl ene ether resin or_blends {hereof,. wherein t he vinyl aromatic
resin i s present SRPPAYPEYSr 3pd Vln¥icﬁﬁq\§“?%l%(95%¢tc&ﬂp%)’%sg < the
conposi tion, asor eaqreleniabtilé rioutaQiéne88tyeeaent bABSEI ghyrali:

t hereof, and the_ IL.C.poly on er or phenyl ene
ether resinis pfeg’ggﬁﬁggsé Cﬁﬁ%veﬁ% O%%ir/ngéét " pazlr%ntcc@@% ght
based on the apoualt swel jhrnothehe therpopilipistiic aresimr suphefsr &yl vy

20 to 80 pergent g i; ght &ﬁ% .~ Th & C 3, at e resins
of the instant e bﬁ%&é%t%ﬁﬂﬂﬁﬁﬁﬁﬁﬁg gf?ﬁ)?bagbgégyggFgginggg%d_t e

copol yest er - car hERIYPhenydiens etheKerpsincer fokends thereaf nyvharein

conventional and ol lvitRaWetheiempP! 88EiR is grsddise WaECH akgegera al ly
comercially avail abl e or be readllggﬁrepared by known net hods.

20 ma
These pol ycafFoFaredo &0 v%ﬁfl?lc%t neY hB8sIREr ofhdhe comBRsdoh on, are
geg(irzi ggg’ ' gawggg’pfﬁ%ﬁlgat%?m 32%22-‘06 gol% 3 303 ggzmiﬁgﬁﬁ;f whi ch
1 1 g 1 ’ 1 ; ’ an ) ] ) a 0 I C
are 25 | nc&\;apor dreofheraé}q.'_éh%yarbrngégeﬁeéycar%ona erhd° yester

pol ycar bonat es nmapddermrephyshehyleng akitéier ofeskinwis presefodar iaacl udi ng
the interfacial RAMTPLZILEANS ro §5WEFSUE B WLYGYBalde &ordaFt i on of
at | east one di hydric g enol "and” a” Carbonate precursor. The
total weight of the composition, and more preferably
20 to 80 percent by weight thereof. 7
15 The aromatic carbonate resins of the instant
invention include the polycarbonate resins and the
copolYestér-carbonate resins. The polycarbonate
' resins are conventional and well known thermoplastic
resins which-are generally commercially available or
20 may be readily prepared by known methods. These
' polycarbonates, as well as methods for their
preparation, are described, inter alia, in U.S. Pat.
Nos. 3,161,615; 3,220,973; 3,312,659; 3,312,660;
3,313,777; 3,666,614 and 3,393,672, all of which are
25 incorporated herein by reference. The
_ polycarbonates may be prepared by a variety of known
methods, including the interfacial polymerization
process which involves the coreaction of at least
one dihydric phenol and a carbonate precursor. The
30 polycarbonate resins contain at least one recurring
structural unit represented by the general formula
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30  polycarbonate resins contain at |east one recurring structural
unit represented by the general formla

4 [err] wher ei n: R and Rerr] are independently
selected from nonoval ent hydr ocar bon radi cal s, nonoval ent
hydr ocar bonoxy radi cal s, and hal ogen radicals; W is selected
from divalent hydrocarbon radi cal s, [err] n and nferr] are
i ndependent |-y sel ected fromintegers flaving a value of fromO to 4
inclusive; and b is either zero or one. 10 The nonoval ent

hydr ocar bon radi cal s represented bY R and R err] include the atkyl,
cycl oal kyl, aryl, aral kgh , and al karyl, radi qatys, The prefepred al kyl

g from1l to about 1

are 15 those co
: (W)

cont ai ni

radicals are tho§§
preferred cycl oal Ry
about 8 ring carbon

caqug_gPonB; The
om afout 4 to

wherein: .

R and R!' are independently selected from
monovalent hydrocarbon radicals, monovalent
hydrocarbonoxy radicals, and halogen radicaléf

w

W 1is selected from divalent hydrocarbon.

radicals,
0 0 0
i n I
-8-, -8-§8-,-0-, -C-, -§-, and -%- ;
|
0

n and n' are independently selected from integers
having a value of from 0 to 4 inclusive:; and b is
either zero or one. _

10 " The monovalent hydrocarbon radicals represented
by R and R! include the alkyl, cycloalkyl, aryl.
aralkyl and alkéryl'radicals. The preferred alkyl
radicals are those containing from 1 to about 12
carbon atoms. The preferred cycloalkyl radicals are

15 . those containing from about 4 to about 8 ring carbon

atoms. The preferred éryl radicals are those
ceontaining from 6 to 12 ring carbon atoms, i.e.,
phenyl, biphenyl, and naphthyl. The preferred

aralkyl and alkaryl radicals are those containing
20 from 7 to about 14 carbon atoms. .
The preferred halogen radicals represented by
R and R! are chiorine and bromine. '



at ons. The preferred aryl radicals are those containing from6

to 12 ring carbon atons, i.e. phenyl, bi phenyl, and naphthyl. The
preferred ar al kyl and aIkaryI radicals are those containing 20 from?7
to about 14 carbon atons. The preferred hal ogen radical s
represented by R and R err] are chlorine and bromn ne.

The nonoval ent hydr ocar bonoxy radicals represented by R and R err]
may be represented by the formula -ORS wherein R is a nonoval ent’

hydr ocar bon radical of the .type described hereinafore. 5

Preferred hydrocarbon®R§ radiQVRLRNL t he NMATOCRTRRNOXY ar YREXFAAAd cal s.

The dival ent hydfeﬁaéseﬁcéadbr}alze 468" RSeRhPdbe rddreselited NG UEBe the
al kyl ene, al kyli dene, cycl oal kyl ene, and cycl oal kyl i dene radicals.

The 10 pr ef er r eBOEMRYPen@R} aREELINRE #ﬁo§em@BﬁY§;ﬁPﬁghYdr°FP6PPE to
about 20 carboh sh@mEal THe preferregpe  aelorrideme raéreahafe&e those

and oyol oal k91 | dEREERREPERE S P ERTHORERUHEGI TR MG T T RIERY 8BGut 16
ring carbon at omaryloxy radliamscally, t he drhydrrc phenols utilized in the
géﬁgﬁgﬁt;gpnﬁrathe pokxca%ggg@g%ﬂ' d}ocagbon radlcgfée§ggkggeb¥e%hfl
[err] by W include the alkylene, alkylidene,
cycloalkylene, and cycloalkylidene radicals. The
10 preferred alkylene radicals are those containing
from 2 to about 20 carbon &atoms. The preferred
alkylidene radicals are those containing from 1 to
about 20 carbon atoms. The preferred cycloalkylene
and cycloalkylidene radicals are those containing
15 from 6 to about 16 ring carbon atoms.
Typically, the dihydric phenols utilized in the
preparation of the polycarbonate resins may be
represented by the general formula

II.
(R)n .(Bl)ﬂl

HO OH

wherein R, R, n, n', W and b are as defined

20 hereinafore.
Some illustrative non-limiting examples of
dihydric phenols faliing within the scope of Formula
II include 2,2-bis(4-hydroxyphenyl) propane
(bisphenol-A); 2,2-bis(3,5-dibromo-4-hydroxyphenyl)
25 propane; . 2,2-bis(3,5-dimethyl-4-hydroxyphenyl)
propane; 2.2-bis(3-bromo~5-methyl-4-hydfoxyphenyl)
propane; 1,l-bis(4-hydroxyphenyl) cyclohexane: 1,1~



wherein R, Rerr], n, n[err], Wand b are as defined 20 hereinafore.

Sonme illustrative non-limting exanpl es of di hydri c phenols falling
wi thin the scope of Formula Il include 2, 2- bi s(4- hydr oxyphenyl)
pr opane (bi sphenol -A); 2, 2-bi s(3, 5-di brono-4-hydroxyphenyl) 25

pr opane; 2, 2- bi s( 3, 5-di net hyl - 4- hydr oxyphenyl) pr opane;

2, 2- bi s(3-brono-5-net hyl - 4- hydroxyphenyl) : propane' 1, 1-bis

(4 hydr oxyphenyl ) cycl ohexane:- 1, 1-

6 - bis (4-hydrox phenyl) cyclododecane 1, 1- b|s (3

di net hyl - 4- hydr H% mﬁ%banSYCiogﬂéﬁ§ae$ hy rkbk%?wenyl)
decane; b'@nﬁétw en lp%?@mdodé)d:&é‘l hytvsxyphenyl)

h 4, 4 di ph 0 bi s 4 th
&Ehe?“ﬁhenms wieirarehyEl o ‘Eﬁ%%an +1 bekt 4728 (4 TRaitoiagiel

2,998, 835, 3, 02&@EEnend 3b3_&441r5ﬂf,droxypﬂénﬂf) whi mathaeaei;ncor$pt at ed
hereln by reference car bon recurso be a carbonyl 10
hal i de, a cgébonQ% O%%R%ﬁno%r %F% §h§F§f€¥§ﬁ$ #ﬁgyi)ngggFBOnyl hal i des

may be carbonyl broniQehexr phengls whiathleae dsefud aretdessribedeixi. The
car bonat e esters(J pg?_l bﬁ gl paeg)éle ggr bors,ato%8 cyss( I‘%q,lcg @e:p:y‘i)lg,gr bonat es
heny )

such as di (-bro carboA4 chl’orophenyl car bonat e,
and dl(trlbrohﬁghéﬁyWQ%%bb@n@tbnccrpou&§eﬁk?ﬁphéﬂybYcaﬁﬁgﬁavés such

as di (tolyl) Carﬁﬁ@““éhrbo d%?&r ma%2! BenNake; carbonyl

chl-or opheny chlorona ht hyl car onate henyl tol yl .carbonate.

The bi shal oiQ)r netrekldfgrd CATIRNaLS Q§§@d-”'| R édElFHélBFQHEPSFor mR®s of

dlhydrIC phenol scarbonyl halides may be carbonyl bromide, carbonyl
chloride, or mixtures thereof. The carbonate esters
may be diphenyl carbonate: di(halophenyl) carbonates
such as di (-bromophenyl) carbonate. di(chlorophenyl)

15 carbonate, and di (tribromophenyl)carbonate;
di(alkylphenyl)carbonates such as
di(tolyl)carbonate; di (naphthyl) carbonate;

chlorophenyl chloronaphthyl carbonate:; and phenyl
tolyl carbonate. The bishaloformates that can be

20 _ used include the bishaloformates of dihydric phenols
such as the bischloroformates of bisphenol-A and
hydroquinone; and the bishaloformates of glycols
such as the bischloroformates of ethylene glycol,
neopentyl glycol, and polyethylene glycol. The

25 preferred carbonate precursof is carbonyl chloride,
also known as phosgene.

Among the processes used for the preparation of
the polycarbonates are the pyridine process, the
interfacial polyherization process,

30 transesterification, and melt polymerization. A
convenient process for the preparation . of the
polycarbonate resins . is the interfacial
polymerization process. This process utilizes two
different solvent media which are immiscible. One
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such és t he bi schl orof ormat es of bi sphenol -A and hydr oqui none; and the .

bi shal of ormat es of gl ycol s such as the bischloroformates of ethyl ene
gl ycol ; neopentyl glycol, “and pol yet hyl ene gl ycol . The 25 preferred
car bonat e precursor is carbonyl chl ori de, - al so known.-as phosgene.

Among the processes used for the preparation of t he pol ycarbonates are
the pyridine process, the I nterfacial pol yneri zati on. process, 30
transesterification, and melt pol ynerizaton. A .conveni ent  process
for the preparatjon of the pol ycarbonate . resins is . the

i nterfaci al POHYRRE | FROAOR prdcefs. AqURPYS pRRsess BeditRes tHoe
di fferent sol vendriesli gonpefit ae@iufMisyi #heor@lBic medium such as

7 sol vent nedlu is an s basi-c nedi um t he solvent
medi umis an or g% Epgg %5% wh 1Cﬂeﬂﬁ?l%ﬂ€l§ﬁ¥8$?dé”ﬁ§¥ ﬁa+

immscible with m@bus medtilanus rEisnempibgeden ostesl incéheacpaerfaci al
5 polyner|z§t| nol ecul ar regulatﬁgs whi ch

control the c¢m5$b+¥¢%£$?§?ionarﬁ%¥%%%?§r m%faht %ar?ﬁblBSchg?b% te by a
chain term nlaedmiganerslanivhﬁmhandonar@llysttme Thehadoh eclémagth  owei ght

regul ators are ut.ar imted
to, phenyl itsev\?éieg@f% ter ary uty?‘g #QOJ(_#@&}&%? %?o%‘an?e Q%lh
catal ysts ar@eém%@aﬁkmg'mﬁﬁﬂﬁni$mtfﬁnquaﬁﬂ&YS¢ﬁﬂ udBe maiegudar not

limted 10 = EI$helfeqAS &HENweld knowh! I N¥hamdi gugternary
annDnlun1COfFounds such as 15 tetraethyl anmoni um brom de,

quat efr'nary ruﬁPEoﬁﬁSuH&§-é&GHQ%@rﬁ%ut9$?¥théﬁ§Flf P‘
phosphoni um tertlaﬂfﬁﬁtyncbuélﬁdlwl shanchhemagope ofntheatelysts -

are also well known in the art and include, 'but are
not limited - to, tertiary amines such as
triethylamine, gquaternary ammonium.compounds-such as
15 tetraethylammonium  bromide, . and quaternary
phosphonium compounds such as n-butyltriphenyl
_phosphonium; B
Also included within the scope of the term
polycarbonates are the randomly branched
20 - thermoplastic polycarbonates wherein a branching
agent, which is generally & polyfunctional aromatic
'compound, is reacted with a dihydric phenol and the
carbonate precursor. These'polyfunctional aromatic
compounds are used in. minor amounts, i.e., amount
25 . effective .to provide branching, and contain at least -
three - functional -groups which may be carboxyl,
hydroxyl, carboxylic anhydride, haloformyl., and
mixtures thereof. Some illustrative non-limiting
examples of these aromatic polyfunctional compounds
30 which may be employed as branching agents include
trimellitic anhydride, trimellitic acid, trimellityl
'trichloride, 4-chloroformyl phthalic anhydride,
pyromellitic - acid, pyromellitic  dianhydride,-



pal ycar bonat es are . the randonm y branched 20 thérrmpl astic

pol ycar bonates wherein a branchi ng agent, which is generally a

pol yfunctional aronmatic compound, is reacted with a di hydric phenol and
t he. carbonate precursor. These pol yf'unctional aronatic conpounds
are used in mnor anobunts, i.e., amount 25 effective to provide branching,
and contain at |east t hree functional_groups which nmay be carboxyl,
hydroxyl , carboxylic anhydride, hal oformyi, and m xtures thereof. Some
illustrative non:liygtjng. ... exanpl.es of _t e.aromati.c _pqlyfunctional -
conmpounds 30 V\/nq?%:jhﬂh%:,ygbgcégpl &fgg'l?}@‘cbr%ﬂgﬁaﬁbé‘%gg%#éﬁﬁe%%cyua%lé'
trinellitic anhyanddeenzophehonetetnacarboxyhet| acyd. trichloride,

4-chl orofornyl pht hal dge AUVl e r - catBdHEL Iddihs 226 el émel litic
di anhydri de, _ 8 mel Titic acid,
mel litic anhydritR the st cardiake descinibed2lgne it aietheddokyric aci d.
The copol yess er - e PPNal 6 ﬁﬂ%@ﬁaﬁr gavely gknopgy . nbE.the pEd, Apgl. are
described along with n:‘%hoﬂs or 5 'lthgirs preparat?on h{e U S. ™ Pat

Nos. 3,169, 1214238 45985 S0k56 W&HENHE . 238 5573520370L¥NIGR &FF oh ar e

incorporated hereidobyoF&tE&4ERELein by refeBéheély stated the high
nol ecul ar wei ght theEGl }épl astic ar omat i

pol yest er-carbonates 10
conprise recurring catbbh

gBEbRped cépﬁoxy’fﬁ%' _“%iegﬁ , Yeteak onat i c
cafrbocylic groupshermépEasticpol yamsmati®i n ddpolester etaremetes some of
oroups are EondcePBF 88 FRunnlie | RETREnatE baROUP S CHERTE LGt
carbocyclic groupsoups., Tamde DPAYESt ecaxotyhic esgroupsi nimst ehe bonds
and carbonat g, pARds 18nL0E iRl NinYPRT €Lp tNEa2PUlnf of the
carbonate . groups and at least some of the
carboxylate groups are bonded directly to the ring
15 carbon atoms of the aromatic carbocyclic groups.
These copolyester-carbonates contain ester bonds and
carbonate bonds in the chain, wherein the amount of
_ the ester bonds is in the range of from about 25 to
about 90 mole percent, preferably from about 35 to
20 about 80 mole p'ertent. For example, 5 moles of
bisphenol-A reacting completely with 4 . moles of
_isophthaloyl dichloride and one mole of 'phosgene
would give a copolyester-carbonate of 80 ;nole
percent ester bonds. o
25 These copolyester-carbonates may be readily.
| prepared by the interfacial polymerization process
by the reaction of (i) at least one dihydric phenol,
(ii) a carbonate precursor, and (iii) an ester
" precursor. The dihydric phenols and the carbonate
30 precursors are of the type descf_ibed hereinafore.
The ester precursor may be.a difunctional cérboxylic
acid or., preferably, its ‘ester forming reactive
derivative such .as an acid dihalide, e.g..
isop‘nthalbyl dichloride, terephthaloyl dichloride,



t.he ester bonds is in the range of from about 25 to about 90 nol e

percent, preferably fromabout 35 to 20 about 80 nol e percent. For .
exanple, 5 noles of bi sphenol - A reacting conpletely with 4 noles of
I sopht hal oyl .di chl ori de and one nol e of phosgene woul d give a

"~ copol yester-carbonate of 80 nole percent ester bonds. 25 These
copol yester-carbonates nmay be readily prepared by the interfacial
pol yneri zati on process by the reactiof of (i) at |east one dihydric
phenol , (ii1) a_carbonate precursor, and (iii) an ester precur sor.

The di hydri c - pheABfis BiRttY4Rs c&hBER/Te 30 SR c Wsedd afé fypctaengype

described herei na¢9ag. are sdbecfsierimPiedIr Tyt " .0g ,a6di,f1igct | @Ral
carboxylic aci referably, its ester form{lg reactive

derivative suchp°g¥es§ﬁgsaé‘i‘ﬂ( H’Ieha‘P?-HEer liphatic argmatig oy PT

di chl ori de, tereamﬁ.bnhexl: drﬁhh@ﬁ.cdﬁm character. The polyesters are
9 and nixtur unctional . acids are set

3 tb. rized > segul d:';n,%
forth in U S’ Par 2RG<*S! 1%3 1248 ‘Pﬁé" ¥t e FETHRF RS eFOREF
al i phatic aronmatiunitsrin thelpgihvater chradnmt uc.el N chabacydratel groppisyest-er s

e o ChAECtepbradgl NcbhaL ThgyHAYC A LBRUT LN eStGhrocarl S den e

pol ymer chain, i.e., Car at é - groups bondea t on at om of a-
hydr ocar bon or subsnbgntedtBMdN9dacbanbamdmgahxu The preferred
pol yesters for use '”Thgepf?féﬂ’édlgolﬁggegkgoﬁoﬂe\ﬁ?é311'{ %rePahgcandl | east
one recurrin structural unit represente eneral tornu

L. i0. invention generally contaln at east one recurrlng

structural unit represented by the general formula:

: 0 0
) li 5
+0-R¥*0-C-R*-C+

wherein R? and R’ are independently selected from
divalent hydrocarbon radicals or substituted
divalent hydrocarbon radicals. .

15 In the case of aliphatic polyesters both R? and
R? are independentlj selected from divalent aliphatic
hydfocarbon radicals or substituted divalent
aliphatic hydrocarbon radicals. - The divalent

. aliphatic hydrocarbon raé;‘.cals include the aikylene.

20 alkenylene, alkylidene ., cycloalkylene,
cycloalkylidene, and cycloalkenylene radicals.
Preferred alkylene radicals are those containing
from 2 to about 20 carbon atoms. The preferred
alkylidene radicals are those containing from 1 to

25 about 20 carbon atoms. The preferred alkenylene
radicals are those containing from 2 to about 20
carbon atoms. The preferred cycloalkylene,
cycloalkylidene, and cycloalkenylene radicals are
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[err] wherein R2 and R3 are independently selected from di val ent

hydrocarbon radicals or substituted di val ent hydrocarbon radicals.
15 In the case of aliphatic polyesters both Rlerr] and R3 are
i ndependent |y sel ected fromdival ent aliphatic hydrocarbon 'radicals
or substituted divalent ali phatic hydrocarbon radicals. The
di val ent al i phatic hydrocarbon radicals include the al kyl ene, 20

al kenyl ene, aIkyIidene cycloalkyleﬁ% cycl oal kyl i dene, ahd
cycloalkenylene eferred al di,cal.s _are_t hose
containing o1 PBRRS Ertatming ot R Rl it BBehd B BrBerEaroos

al kyl i dene radlcatemare tho?haxnﬁubsmx@mtedn1ﬁlwmlz&t.abahipﬁﬂthacbon

ALOM. ¢ e PrehghretadbhENYAitars LA01 GRLBEAIA JINBE CORL BhALRD oM 2

to about 20 rred
cycl oal kyl i dene, nﬁﬁuoeycboalx@dyb@d§|dﬁﬁqxﬂh§qwabove Whlch contain

10 t hosg coaéawage 8{@% ﬁﬂiﬁﬂeﬁe Sbﬁug Spkb Srﬁﬁii?o@*?m ofie O'"s.

‘The substituted diva focarbon radi ca are those
di val ent al i phat F@ °uﬁydﬂﬁﬁﬁ?b%%b$§HFéﬁP§ 6€§§P§bed-éH%vErﬁﬁ¢§ﬁe€onta|n

5 at |east one Qubgtitué‘ﬂt g&%@s Riref er?é)ldaiééén@nemtroterabﬁst. three
substituent grou referred substituent groups are t

hal ogens; nitro 8?8uﬁ§1n° grSHBSamno gr oups. The aromatic
pol yesters suitabl e fUheusfomatibepolyesters suitable for use in the

10- instant invention generally contain at least one
' recurring structural unit of Formula III wherein R?
and R? are .independently selected from divalent
aromatic radicals or substituted divalent aromatic
radicals. The divalent aromatic radicals
1S represented by R? and 'R® include the phenylene
radical, the substituted phenylene radical, the
biphenylene radical, the substituted biphenylené
radical, the naphthyiene radical, the -substituted
naphthylene radical, and radicals represented by the
20 general formula '

(R)nl

'wherein R, R,/ W, n, n! and b are as defined
hereinafore.
Particularly' useful aromatic polyesters are
those wherein R® is a phenylene radical and R? is a
25 ‘radical represented by Formula IIIa.
' The aliphatic aromatic polyesters are those
wherein one of R? or R’ is a divalent aromatic



4

10 instant invention generally contain at |east one recurring

structural unit of Formula Il wherein R2 and R3 are " independently

sel ected from di val ent. aromatic radicals or substituted dival ent
aromatic radi cal s. The divalent aromatic radicals 15 _
represented by Rerr] and Rlerr] include the phenylene radi cal, the
substituted phenyl ene radical, the bi.qhenyl ene radical, the substituted
bi phenyl ene radi cal, the naphthylene‘#adlcal the substi t ut ed
napht hyl ene radi d d | s I epr jed b h g L _fornmul a
[1la [err] Eg&ic%ﬁe?é?nbﬁg éfe?T]gévg %eé??aggﬁtbgggéﬁggggefined
her ei naf or e. radicaPart iR:m:éen‘gedlsalmphammn&tammyespeiyeaters t hose

pherein K315 2 pheWhGEE LAWER @dsReatlaisat SRiabaguELobtpRgsent e

by Formula Illa I'c aronma ers are
wher ei n one of Rpérsybathpaﬁd]dnyaéeutvauemnammmnmad;cal and R’ is

radi cal and gne Qf gigéihnﬁr %&%hr l|s Qéﬁf&gf”“%fj'Qhaghsﬁﬁlprgg'ca

Preferred aliphatic aromatic polyesters ose where err] is a
di val ent al i phat f¢VadenREapromatye saddcpdut ed di val ent aliphatic radical

and R3 is One class of particularly useful aliphatic
' aromatic polyesters are  the polyalkylene
terephthalates or'polyalkylene lsophthalates These
10 types of polyesters contaln at least one recurring
structural unit represented by the general formula
| | TIIb
| i
0 C-

1l
—O- (CH?-) m-c _@

wherein m is an integer having a value of from 2 to

about 4 inclusive. Especially preferred polyesters

of Formula IIIb are polyethylene terephthalate and

15 poly(l,4-butylene terephthalate). |

_Another class of particularly useful aliphatic

aromatic polyesters are polyester copolymers or

copolyesters which can, without limitation, comprise

the reaction products of: (a) a glycol portion

20 comprising 'l.4-cyclohexanedimethanol and an acid

portion comprising terephthalic acid, isophthalic

acid or mixtures thereof; or (b) a glycol portion

comprising a 1,4-cyclohexanedimethancl and ethylene

glycol wherein the molar ratio of the 1,4-

25 cyclohexanedimethanol to the ethylene glycol in the

glycol portion is from about 4:1 to about 1:4, with

~an acid portion comprising terephthalic acid,
isophthalic acid, or mixtures thereof.



5. a divalent aromatic radical or a substituted- di val ent aromatic
radi cal . One class of particularly useful aliphatic aromatic
pol yesters are the  pol yal kyl ene t erepht hal ates or pol yal kyl ene

i sopht hal ates. These 10 types of polyesters contain at |east one recurring
structural unit represented by the general fornula :

1o [err] wherein mis an intg having a value of from2 to
about 4 inclusive. Especially preferred n%lyesters of Formula 1Illb are

| yet hyl t ht
Aot her ol ass of par i PRSPt e S el PRe AR B -
are pol yester copopgedures orwell d{mnhyestrerszrxﬁmcslrtcansumm hast bY
imtation conpéésdensacilf HRACHIARPT AL IEa1Ly (8h SrthiiEoUngOr i On

20 conpr|S|ng 1,4-cyclo exane ano an ac I on
conprising terepqﬂﬁmﬂée@cﬂdl |Js<5pht Ratic NO a"oi9c910r46ﬁ-xtw asht hkseof ; or

(b) a glycol 5por1§éﬂ§b G AR, 1, ycI Q met hanol
et hyl ene gl ycol 31\there| g&ﬂp%'r%Qeﬁl 4b§rat [ oaeéf%@ﬁteé 1,4~ 1‘%@&1

cycl ohexanedi rret?n%ﬂ-c‘t‘%a’{%)é et | A gqrygquq{e(%@f aCJ-SFy‘éBIaHéY%l onis
from about 4:1 tesedpsitot: &heWa&Bmaucaraﬁ%szdaﬁfh@rh&mmr saddds,

terephthalic aci foy oo 390 NELECCAF Sor EnhXIUEES WGRNer witn
the dihydric alcohols are charged to a flask and
10 heated to a temperature sufficiént to " cause
condensation of the copolymer to begin, for example |
175°-225° C. Thereafter the temperature is raised
to about 250° to 300° C., and a vacuum is applied
and the condensation reaction is allowed to proceed
15 until substantially complete.

The condensation reaction may be facilitated by

the use of a catalyst, with the choice of catalyst
y . being determined by the nature of the reactants. .

The various catalysts for use herein are very well

20 known in the art and are too numerous to mention
individually. Generally, however, when an alkyl
ester of the dicarboxylic acid is employed, an ester
interchange type of catalyst is pfeferred. 1f a
free acid is being reacted with free glycols, a

25 catalyst is generally not added until after the
preliminary condensation has gotten under way.

The reaction is generally begun in the presence
of an excess of glycols and 3‘.nitially ;i.nvolves
heating to a temperature sufficient to cause a

30 preliminary condensation followed by the evaporation
of excesé glycol. The entire reaci:ion is conducted
with aé:i.tation under an inert atmosphere. The
temperature can be advantageously increased with or
without the immediate appiicat'ion of vacuum. As the
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These types of copol yesters may be prejoared by -procedures well known

in the art, such as by condensati on reactions substantially -as
shown and described in U S Pat. No. 2,901,466, which is 5 hereby

i ncor por at ed by reference. - More -particularly, the acid or

m xtures of acids or alkyl esters of the aromatic dicarboxylic acid or
aci ds, for exanpl e, dinethylterepht ha.Ijat e, together with t he

di hydr| c al cohols are charged to a flask Wnd 10 heated to a t enperature
sufficient to c ng n%%tﬂﬁg,@ Iy r
exanple . 175] g?r? 53’% 98 s erear% e‘ﬁéer%?ﬁrgggilrg Ffaalgsed

to about 250[err]>eto QGUPQF&FGQUSand Qrﬁéé}l}brm i §eép1§|eﬂed and gn@henhe

condensati on reaébhﬁ@nb%tibhovﬁqavﬂed)r€893§oééedurﬁddlls u@ﬁéaa g?r.lrle\i
conpl et e. The condensation reaction may be facilitate t he

use of -a cat al ysBeIRPEH Ofh P YReLd 2HC 1R ol § sichieved; ngTHet &rﬁi@\’@& by the

nature of the reaahables consxdﬂi%d/&rlrﬁlghé‘ditéi yehssf gtageeokenei rapre very
well 20 known |58t he _art nunmerous t.o _nentiqn | n i,vidual l'y.

General ly, howeV&r “R/a&ﬁ"—&ﬁ 5‘Pk§Prt eI PPLYTSE 123160 A h HRR 50 dis
enpl oyed, an estphase imt eerczimmdeypm.uh Cwé 3l y¥nown pmefcawleghes. If a

ot agded unt il SPeer R niohivhBfiole¥se Sradheshe il St iGer
way. Thber eamthe@h icomgeimarteld y dmedjuneanedheopresemperaturng an
excess of ghycol BeiB@: | n| jisal | e RYQ bvgzggensheatl %%rfe?)f d%b%%{%%e

sufficient to cause prel I ' m nar ation
evapor at i on 6Pa§%é-é§§-°@l péorheTeel bAtPaRLiebRSs; 0ITHS Wi th

agi tation under aBliyhairtz3ltARHOREr €ondudfed untiBrBes Qiégl%é@'ae@@:ee
v a0sousl L | 8Y Btk fallon 14" SORYLVeRS | MR LSy ERP e O ©f
vacuum As the
' polymerization, among other things, results. in a
15 higher degree of polymerization without the
accompanying degradation which frequently takes
place when continuing the last stage of the melt
polymerization at a temperature higt} enough to
achieve the desired degree of polymerization. The
20 solid phase process is advantageously conducted with
agitation employing an inert atmosphere ‘at either
normal atmospheric pressure or under greatly reduced
pressure. . '
- These copoiyesters will generally have an
-~ 25 intrinsic viscosity of at least about 0.4 d4dl/gm as
measured in 60/40 phenol/tetrachloroethane or other
similar solvents at about 25°C. and will have a heat
distortion temperatufe at 264 p.s.i. from about 60°
C. to about 70° C. The relative amounts of the 1,4-
30 cyclohexanedimethanoli to ethylerie glycol in the
glycol portion of thé copolyester (b) may vary so
long as the molar ratio of 1,4-cyclohexanedimethanol
to ethylene glycol is from about 1:4 to 4:1, in
order to provide a polyester copolymer having a



13 - tenperature is further increased, the pressure can be

advant ageously greatly reduced and t he condensation allowed to
proceed until the -desired degree of polymerization is achieved. The
product 5 can be considered finished at this stage or it can be

subj ected to further polynerization in the solid phase I n accordance
with well known techniques. Thus, the highly nononeric condensati on
product can be cool ed, comminuted, and heated to a tenperature 10
below its | at, @n of the
solid particles. H.ie Js'%l P‘gég%agelst&? % m;:(.%ll41 ae?:ag%lrles ‘g%?\'gggt eahﬁntl | the
desired degree rec&éedpsaggerlzadlonhes auhtébéé Propre&tigsi-d phase

pol ymeri zation, anmongpgt 1&4“'H¥éfdﬁesﬂ§b§ |gfa. Njedtedr degrge of

pol ymeri zation w thout acconpanyi ng degradati on which frequently
t akes placecﬁﬁﬁﬁyéﬁﬁﬁrnupﬁg fhe | dstpest ¥iked nBereinafore

pol ymeri zat son ﬁheaeiﬁrrm?featgliycbl gbo@%&%h ﬁ@s a ;ﬁ@ucﬁmmatﬂtee desired
degree of pol yner

tion. roc antageous|y
conducted with ethy%ﬁﬁ?t%%YSﬂleﬂﬁ?By}n@ %ﬁci gaﬁ?ﬁg é?Boit &Pt her
nor mal at nospheekamplesiffeatedr Untthan gabatty SCE,CB(EEdLnd espeessile.

east about o, abhbrrras? L8 Roslin 34 ity arDHeRs FifedEREs d0hane o

ot her si m Imolavl v dntés- gyt ladimnaridd iswefi@nend wahtl hashe a head

di stortiony at; 264, aggét 60[err gabout
70[err] C ?6?§?§§e éﬁ%untgrgthﬁgi%g] dcyclor{%axane t anol to
et hyl ene egcoICOPﬁlY§ﬁ§er of @hWﬁﬂtﬁnﬁti%ﬁﬁQWNQﬁ@l%bbbl98§#éﬁb€§) may
vary so | ogggay idie Moladehahs O Kpak 4pEYE! @h@éanﬁ%ﬁmt&aﬂﬁhn to
et hyl ene glycol s fromab out 1:4to0 4:1, in der to 8£g¥bg8 a

from 1,4- cyclohexanedxmethanox as the glycol porticn

15 and a mixture if isophthalic and terephthalic acids
as the acid pcrtion; This type of copolyester is
available from Eastman Chemical Co. under the

* tradename KODAR AlS0. .
Where blends of polycarbonate and polyester are

20 employed herein, the ratios of the polyesters to the
polycarbonates may vary widely. Generally, however,
compositions which contain from about 5 to about 85
weight percent of the aromatic carbonate resin and
from about -85 to about 5 weight percent: polyester

25 are preferred, while compositions which contain from
about 10 to about 70 weight percent aromatic
carbonate resin and from about 70 to about 10 weight
percent polyester resin are more preferred. duite
useful compositions are those that contain from

30 about 20 to about 60 weight percent aromatic
carbonate resin and from about 60 to about 20 weight
percent polyester resin. Weight percent aromatic
carbonate resin is based on the total amounts of
aromatic carbonate resin and polyester resin present



14 sui tabl e heat di'stortion tenperature within the recited range,

and ot her suitable properties. One quite useful type of

copol yester is a copol yester of the type described hereinafore 5
wherein the glycol portion has a predom nance of et hyl ene gl ycol over
1, 4- cycl ohexanedi methanol, for . exanple greater than about 50/50 and
especial ly preferably is about 70 nDLgr et hyl ene glycol to 30 nmol ar
1, 4-cycl ohexanedi nrethanol, and the acid 10 portion is terephthalic
aci d. A prigf erh@d compeRR@i ¥Rt er 0f.1k@iv§sé¥pewé§% REMBE FLatht Y

avai |l abl e under the tra enane KODAR PETG 6763_from East man Chem ca

Co. A preferred ROPHSAE S sLapRd(an véfe torapmamounts of the

1, 4- cycl ohexanedigBfd et apesifsgl ¥aa! ﬁ%&da(tricﬁ c@fBbriate Xt ré€in f
i sophthalic and ter ghthallc aci ds as the acid ggrtlon Th|s type of

copol yester - %1 abie 5% Ea%PﬁEﬁnEhen?EEP° LigRfer the®-
t radenane kxiy¥Qyﬂfﬁbster/aromaﬁﬁmr@ahb@ndﬁeoblEﬁﬁscarbonate and polyester

are 20 enployed heregjn, th | 0s,0f the to £ .
pol ycar bonat es may va‘fky’/evm Eéwsﬁﬁﬁ%%ﬁ Y, tﬁ‘&% (ITPGHES) rcéo 0% t FBRs whi ch
contai n ‘from abagnérablnbestll 86nown iwighe aetceamdodrehdescoipedc

carbonat e resi néﬂ‘?“dv%"?‘“f’igm QQOW 85‘,\%n qﬁ&g% %dglﬁ‘u pgrg@@tap§)Lyester

25 are preferr e cohposi ti'ons ontain’ 10 to
about 70 wei ght 3R cénd33r 668t PE AllapaHsamatlh Seshatemtsf dodbPabdd? 70 to

about 10 wei@ht ang p§r§§ﬁt399| Y83t Clgel @S Lt tBF£; Prel Sl refackhitte
usef ul conp03|t|ons are hose that contain from 30 about 20 to about

60 weight percen0 a§%%a??cnwalnc%r6%ﬁhﬁ% ?Bsfh- and@ner¥nPabBateBd to

about 20 weight 4, aowﬁzgwntomolynﬁﬁgﬁJgpS|®, Bebght Ry cesll. ArogBLi C
carbonate resin js_based on.the totabyagggnts ar bgnate

of o
resin and poIyes%%ﬁ°$%%¥ﬁtﬁ?e2%ﬁ?ln _ erence. Bogﬁ .omopofymer
and copolymer polyphenylene ethers are within the

15 scope of this invention. _
The preferred PPE resins are homo- and
copolymers which'comprisé a plurality of structural
units of the formula

wherein each Q' is independently halogen, primary or
20 secondary lower alkyl., phenvl, haloalkyl,
aminoalkyl, hydrocarbonoxy., or halohydrocarbonoxy,
wherein at least two carbon atoms separate the

halogen and oxygen atoms; and each Q* is
independently hydrogen, halogen.- primary or

25 secondary lower alkyl, phenyl, haloalkyl,
hydrocarbonoxy or halohydrocarbonoxy as defined for
Q. '

Examples of suitable primary lower alkyl groups
are methyl, ethyl, n-propyl, n-butyl, isobutyl}'n-



5 In the conpositions. Li kewi se, wei ght percent pol yester is

based on the total anpunts of the pol yester resins and aronmatic
carbonate resin- present in the instant conpositions, i.e., 5

pol yester/aromati c carbonate bl ends. . The pol yphenyl ene ether (PPE)
resins are  generally well-known in the art, and are descri bed, for
exanple, in U S. Patents 3,306, 874; 3, 306, 875; and 3,432, 469 of Al l an
Hay; U. S. Patents 3,257,357 10 and 3, 2515358 of Gelu Stamatoff; U. S
Pat ent 4,806,602 of Dvain M Wiite et al U. S, Patent

4,806,297 of StefWhy B. 18P8WMlet aP- me&FVlbUtYFncorBoP§F¥& ‘her ¢ 3~ by

reference. Both B.Qﬁéﬂﬁ’ylﬁﬁltyl and QOpC&ﬂmnméehymbeanne gidetnear e
within the 15 sco e of t vent referred PPE resins
are hono- and gﬁﬁﬁ?? §gwgﬁeﬁyéoﬁﬁppgé "a EfﬁpﬁﬁﬁgyogfngPHGFEVal

En:ts of the formuwer all&yi] groups ﬁnﬁuﬂsnﬁraagh C§e¢f¢ut§l|adepend$2t:y .
al ogen, pri secopda 0 al kyl ,
am noal kyl , car%ohox%?egg %g}%h égﬁﬁﬁhgéflcaﬁ?mgé Straggh?east t wo
carbon atons sepaaane rather thachﬁancnmﬂ Ofrgan eacbn@‘lSaaakyéach
Qerr] is e |y chal p o]

secondary Iower(ii E:Eﬁi e%y 31%%'%'@ h&tda gﬁ?l éﬁ(ﬂ’aﬁocar%onoxy or
haIohydrocarbonokydaggéah|ﬁ§D¢QﬂallY'HqQﬁﬁqrEG-pOlthenE%@MEIe§h§rSSU|tabIe
primary lower allyh1958UPSmpris8hofRidits d¥irfied FrihORY b-alnBYhyh. '

‘i sobutyl, n-
10 phenol. Also preferred in some instances gre PPE

- copolymers comprised of units derived from 2,6-
" dimethyl phenol and 2,3, 6-trimethyl phenol.

The PPE resins may contain certain moieties

which modify properties such as molecular weight,

15 melt viscosity, or impact strength. For example,
vinyl monomers and vinylaromatic compounds may be
grafted onto the PPE polymer, as described, for
example, in the application of Sterling B. Brown et
al., Attorney Docket Number RD-19372, U.S. Serial

20 No. 351,903, filed May 15, 1989, the entire contents
of which are incorporated herein by reference.

As another example, coupled PPE polymers may"
also be used, in which the coupling agent is reacted
with hydroxy groups of two PPE chains o produce a

25 higher molecular weight polymer.

The PPE resins of this invention generally have

a weight average molecular weight of about 20,000 to

80,000, as determined by gel permeation
chromatography. . .
30 Furthermore., they can be prepared by methods

known in the art: for example, oxidative coupling
of an appropriate monthdroxyaromatic compound in
the presence df a catalyst based on copper,
manganese, or ccbalt.:



16 anyl, isoanyl, 2-met hyl butyl,  n-hexyl, 2,3-

di net hyl butyl, 2-, 3- or 4-nethylpentyl, and the correspondlng hept yl
groups. Exanpl es of secondary | ower al kyl groups are isopropyl,

sec-butyl and 3- 5 pentyl. Preferably, any alkyl radicals are straight
chain, rather than branched. Oten, each err] is alkyl or phenyl,
especially (Jerr] alkyl, and each Q is hydr ogen. Especially preferred
pol yphenyl ene et hers will be conprlséd of units derived from
2,6-dinmethyl 10 phenal. Al so preferred in sonme instances are PPE

copol yners conprlsedQﬁetFF%%ﬁE%#@veaermgﬁﬂESGlC resdifekshy? PRERST and

2,3,6-trinmethyl gd@i®led monovinylh8eRBE 4£ShAEIABEUEINt 85N aceffiﬁij/l]
noi eti es whi ch nDdey erties,  such as @@ ecul ar _wei 15 nelt
é%éﬁ¥i) r

viscosity, or i rfpact anddendifne rubber, graft g %meland
vi nyl aromati c corrpournimrmy d&@dlflecgrzﬁcﬁrt@dlwlﬂdéhe EP&uaotgzntésms

descri bed, for ample, jn the anp icatio own et

al ., Attorney Doc?f%?% r ‘%15375 b af‘gf'e %8933%{156 1f“afi | ed

May 15, 1989, tmromitie goaftntepolymerf mndchbhranrun@tpﬁtﬁdedibédein by

ref er ence. oth xanp| y al so
I n whi c‘f‘r ?%fﬁn e n%racﬂ. %IP%%I@# ”E?Zr ggy grou

be used, € coupl i ng age IS Treée cte ps of
‘two PPE chai ns tROBYRREEZaBiOoN CI"fr ghermixtereal 0f wai ghenpyipwbidene

The PPE resins ofrghisié “MSHBanP sﬁa%a'é brare coxﬁ’oﬂ&h@f‘é aNetage

nol ecul ar wej ght of about 80, 000, determ ned y
gel per mes{ i orPYeseRge om%ﬁ)grﬁﬁﬁy ap more FuFPPPPlWre PPL¥PEEAR be
prepared by nethegsstrat&8own Dapelh@idd : onf Othexem:hmt oxifdatupbegoupl i ng

g;tgrygfprgg;ggteﬁgngﬁgydro§¥aronathéﬁﬁgggougg b%&EPPUS rlggresgnce. of a
of ungrafted rigid (co)polymer may be 51multeneously~
obtained along with the rubber modified

15 ' monovinylidene aromatic graft polymer. The resins
may also be produced by Dblending a rigid
monovinylidene aromatic copolymer with one or more
rubber modified monovinylidene aromatic graft -
copolymers. - Typically, the rubber modified resins

20 comprise the rubber modified graft copolymer at a
level of from 5 to 100 percent by weight based on
the total weight of the resin, more preferably from
10 to 95 percent by weight thereof, more preferably
20 to 90 percent by weight thereof, and most

25 preferably from 15 to 85 percent by weight thereof;
and the rubber modified resin comprises the
ungrafted rigid polymer at a level of from 0 to 95
percent by weight based'on the total weight of the
resin, more preferably from 5 to 90 percent by

30 weight thereof, more preferably from 10 to 80
percent by weight thereof and most preferably from
15 to 85 percent by weight thereof. |

Monovinylidene aromatic monomers which may be
employed include styrene, alpha-methyl styrene,



17 The preferred thernoplastic resin is a rubber nmodi fi ed
nonovi nyl i dene aronmati c such as a vinyl aromati c-vinyl cyani de-di ene
rubber graft copol yner. Rubber nodi fi ed nonovinylidene aronatic
resins 5 conprising (a) a rubber nbdified nonovinylidene - aromatic
graft copolyner and (b) an ungrafted rigid copolynmer, are generally
prepared by graft pol ynmeri zation of ja m xture of a nonovinylidene
aromati c nononmer and one or nore connnon%?s in the 10 presence of one
O pone " UPDCTE RUIREC 1 o, MBS B PSR G001 B GAOUNL Of
rubber | present a“sep arate matii X or contindous rigid

ungr af t ed r|g|da@&@ywopmnhyanKXNsuhsmdt@n%ousoyps on. @bﬁaﬂﬁ@dearalong
wih  the rubheg ofodhll o f&%ﬁé"%ﬂ%ﬁ@%ﬁ&m&faftepo' ymer.
The resins . may _al so pro uce 3 ending a rigid

nonovi nyl i dene XP@N&tlGoééﬁﬁﬁyneﬁlﬂwﬂﬁYdﬁ@GOr PNy 1StyreRsher PAF@If i ed

monovi nyl i dene @@@E%&y%dyﬁﬂﬂé or Qﬂ@@ﬁdﬁ?ﬁﬁyreﬂgp'Qﬂ}|Ym1&E%rE%bber

nodi fied resins nprise_t he rubber ed copo at a
| evel of from5 f@% perceﬁpeby‘m%ﬁﬁﬁﬂn¥%&ﬁﬁp mat%ﬁe Fﬁ%émeﬁélght of

the.resin, noreyridfieedlaye’ gemlericallyt @e¥zridece by Themtioghbwihgr eof
nor e preferably Q to 90 percent by weight thereof, and nost 25

preferably fron1f§n\ %5 percent by wei ght thereof;. and the rubber

nodi fied resin conprises the ungrafted rigid polyner at a | evel of from
0to 95 percent by wei ght based,on the total wglsght of the resin,
nmore preferably from5 to 90 percent by 30 weight thereof nor e
preferably from 10 to 80 percqnt by wei ght t her eof d nost

preferably from 35 to 85 percenv by wei ght. t hereef=

X

wherein_x is. selected from the group consisting of
10 hydrogen, alkyl groups of 1 to 5 carbon atoms,
cycloalkyl, aryl, alkaryl. aralkyl, alkox?, aryloxy.
and halogens. . R? is selected from the group
consisting of hydrogen, alkyl groups of 1 to 5
carbon atoms and halogens such as bromine and
15 chlorine. Examples of substituted vinylaromatic
compounds include styrene, 4-methylstyrene, 3,5-
diethylstyrene, 4-n-propylstyrene, a-methylstyrene,
a-methyl vinyltoluene, a-chlorostyrene, a-
bromostyrene, dichlorostyrene, dibromostyrene,
20 tetrachlorostyrene, mixtures thereof and the 1like.
The preferred monovinylidene aromatic monomers used
are styrene and/or a-methylstyrene. |



Nonovi nyl i dene aromati ¢ nonomers which may be enpl oyed i ncl ude
styrene, al pha-nethyl styrene, : 18
hal ostyrenes i.e. dibronostyrene, nono or di alkyl, al koxy or hydroxy
substitute groups on the nuclear ring of the nonovinylidene aromatic
nononer i.e. - vinyl toluene, vinylxylene, butylstyrene, para- 5

hydr oxystyrene or -nethoxystyrene or I Xt ures t her eof . The
nonovi nyl i denearonmati ¢ nononers utiszed are generically described by

from the group consi <t PRPEFSTS IMFByer™™Yal B oP8RRe. G {0 BScar bon
at ons, cycl ombhplvinylidemékar yaromatlikyl , mionmmegr aryli;zxt;/.}udes and
E;"d?gggf]; al k)'jl[ e%é%ﬂ%én%??%fgéegetﬁée%lbﬂgt_rqu%u,p c, toC@ShekiNdopf
aryl substituted acrylate, C, to Cg alkyl., aryl or
5 haloaryl substituted methacrylate, acrylic acid,
methacrylic acid, itaconic acid, acrylamide, N-
substituted acrylamide or methacrylamide, maleic
anhydride, maleimide. N-alkyl, aryl or haloaryl
substituted maleimide, glycidyl (meth)acrylates,
10 hydroxy alkyl (meth)acrylates or mixtures thereof.
The acrylonitrile, substituted acryldnitrile. or
acrylic acid esters are described generically by the
following formula: '

H

AN

c

/

H

a—w

wherein R’ may be selected from the same group set

15 out for R' as previously defined and Y is selected
from the group consisting of cyano and carbalkoxy
groups wherein the alkoxy group of .the carbalkoxy
contains from one or about twelve carbon atoms.
Examples of such monomers include acrylonitrile,

20 ethacrylonitriie. mgthacrylonitrile, a-
chloroacrylonitrile, a-bromoacrylonitrile, methyl
acrylate, methyl methacrylate, ethyl acrylate, butyl
acrylate, propylacrylate, isopropyl acrylate and

_ mixtures chereof. The preferred monomer is
25 acrylonitrile and the preferred acrylic acid esters
are ethyl acrylate and methyl methacrylate. It is

also preferred that the acrylic acid esters, when



carbon atons and hal ogens such-as broni ne and 15 chlorine. Exanpl es of

substituted vinylaromatic conpounds i nclude styrene, 4-nethylstyrene,
3, 5- di et hyl styrene, 4-n-propylstyrene, [err]-nmethylstyrene,-

a- et hyl vi nyl t ol uene, a- chl orostyrene, a- br onost'yr ene,

di chl orostyrene, di bronostyrene, 20 tetrachlorostyrene, m xtures
thereof and the |iKke. The preferred ovi nyl i dene aromati ¢ nononers
used are styrene and/ or a-nethyl styrene:
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aromatic nmonomner I ncl acrylonitri acrylonitri e, C[err]

to Clerr] al kyl ®F acth‘P?}tﬁib@tltuted acryl ate C[err] to Jerr] alkyl,
aryl or 5 haloaryl sphstirhgbed mdiadled ajb&f@%aéépyﬁétdco dpné@éhacrylic

acid, itaconic aﬁhf acr Ianlde N- stituted acr¥ e or
met hacryl ani de, ﬂqscfé'a%'l and. ddiINsaFkgtd BRLYme¥iqa| oaryl

substituted #mal esmdtstﬁévélwtimtdﬁmefd alcethelQubbyer ouls - kird .
Serylon 1t offie TEURBEEY dMSHee 1 PR RTRELY RrE e LAl by t he
foll owi ng fornmul@raft copolymer at a level df from 5 ®5 85 percént
by weight based on the total weight of the graft
copolymer, more preferably from 10 to 80 percent by
10 weight thereof, and most preferably 20 to 70 percent
by weight -thereof: and the rigid superstrate is
preferably present "at 3 level of from 15 to 95
percent by weight based on the total weight of the
graft copolymer, more preferably brom 20 to 90
15 percent by weight thereof, and most preferably from
30 to 80 percent by weight thereof.
For high rubber graft emulsion 'resins. the
rubber level will range from 50 to 85% by weight
"based on the total weight of the rubber modified
20 ' resin.’ For mass polymerization, the rubber level
' rangeé from 4 to 40% by weight based on the total
weight of the rubber modified resin. For blends of
an ungrafted rigid copolymef (such as styrene-
.acrylonitrile copolymer) with an emulsion high
25 rubber graft (HRG) copolymer (such as acrylonitrile-
butadiene-styrene graft copolymers), the rubber
loading will typically range from 10 to 40% rubber
based on the total weight of the rubber modified
resin. ' ' |
30 Examples of rubbery polymers for the substrate
include: conjugated dienes, copolymers of a diene
with styrene, acrylonitrile, methacrylonitrile or C,
uO Cs alkyl acrylate which contain at least 350%
preferably at least 65% by weight) conjugated



wherein R5 may be selected fromthe sane group set 15 out for R4 ‘as
previously defined and Y'is selected fromthe group consisting of cyano
and car bal koxy groups wherein the al koxy group of the carbal koxy
contains fromone or about twelve carbon atons. Exanpl es of such
mononers include acrylonitrile, 20 ethacrylonitrile, met hacrylonitrile,
a- chloroacrylonitrile, a-bronpacrylonitrile, nethyl acryl ate,

met hyl nethacrylate, ethyl acrylate, but acryl ate, propylacryl ate,

i sopropyl acryl g there T, fe ¢ nonomer
is 25 acrylonlt?%F% ando?%glé&éﬁgﬁ?edgF 9}t8r5§|d5§% %ég %%Félethyl
acrylate and neﬂmpbanﬁtuxa)deﬂﬁylene|BropYIQMGonpeiva§d(EK%E tdre acrylic-

acid esters, wh hylene . pro ne ie i.,ncl uded,
are enpl oyed in conbl nati on \ﬁy S ynoneconjugarteéicry or?l?e?rl(lEe DM)';

The rubber nodi Fildd-CQngs t Rkﬂhﬁﬁﬁﬁﬁ PoONpFi s@F Cs @4ﬁ¥ﬂheﬁqyﬁ&§te
substrate, and (Homopd1yni¥ird pekyrzﬁ) Slymers SWARHS! hdt £aPOhL %ﬂ&“ed to

t he rubber substrate. he ru substrate is pre erably present in
t he graft SSyASRter 3?PeaaF§VéP-CoP°¥-YBﬁF SRaYy %]ss‘béi‘%mln UP %y wei ght

based on the totsa oWebabtopindie WA functiodP UHEYLidWIey RgRiabl y -from
10 to 80 percent qéhlo wei ght theieof and nna%bfref rabl 0O to 70

per cent t thﬁeof .aL¥leRedigtd s Y.ilateseferably
present at a Iew@kyﬁeﬁétmidS to Qil(meqnyaﬁﬂylimemelghtpbmyakuyrthe

ber cent by el gt TIRSS e She AR o e v Sy R ARG, cant by
wei ght t her eof . butadiene For i Bo@henebbeangraf&ptxmnailﬂlregraﬁ;ahl&a
monomers such as. triallyl cyanurate., triallyl
. isocyanurate, allyl (meth)acrylate, diallyl maleate,
diallyl fumarate, diallyl adipate, triallyl esters
15 of citric acid or mixtures of these agents.

The diene rubbers may preferably be
polybutadiene, polyisoprene and copolymers of
butadiene w1th up to 35% by welght of comonomers
such as styrene, acrylonitrile, methylmethacrylate

- 20 or_cl(; alkylacrylate which are produced by aqueous
radical emulsion polymerisation. The acrylate
rubbers may be cross-linked, particulate emulsion
copolymers substantially of C,-Cq-alkylacrylate, in
particular Cy%k-alkyiacrylate. optionally in

25 admixture with up to 15% by weight of comonomers
such as styrene, methylmethacrylate, butadiene,
vinyl methyl ether or acrylonitrile and optionally
up to 5% by weight of a polyfunctional crosslinking
comonomer, é.g. divinylbenzene. glycol-bis-
30 acrylates, bisacrylamides, phosphoric acid
triallylester, | citric acid triallyleéter.
allylesters of acrylic acid or methacrylic acid,
triallylcyanurate, triallylisocyanurate. - Also
suitable are mixtures of diene- and alkylacrylate



r.ubber level will range from50 to 85% by wei ght based on the total

wei ght of the rubber nodified 20 resin. For mass pol ynerization, the
rubber | evel ranges from4 to 40% by wei ght based on the t-otal _
wei ght of the rubber nodified resin. For® bl ends of an ungrafted rigid
copol ynmer (such as styrene- acrylonitrile copolynmer) with an enul sion
hi gh 25 rubber graft (HRG copol yner (such as acrylonitrile-

but adi ene-styrene graft copol yners), t he 44ibber | oading will typically

range from 10 to_40% r ubber ‘based on the total weight of the rybber
nodi fi ed resfﬁgbgﬁs and‘ExﬁHBP%ESOf“FﬁﬁﬁbrygBHPy s F8F“Pﬁée ubstrate
i ncl ude: conjugatededsheash sqpakyiRes @f.ga & afifre of Whlbnst yusber

lonitrile, LLril . | Kyl I
i tn’cont ai n'at SPAa8: SBBBSR OECAREVERER br XAcK HEZE b5 by wei Ghi)

conj ugat ed Specific conjugated diene mdhomers dnemmally

ol yi soprenezor i ; t;her. X fi ) | thyl e .
Br o%yl eﬁe coBoI ygteéi%égﬁ) *(l';)&r pexcgpaeﬁ%yfe{r—ife}epfgg%ggﬁg\%ooéngﬁ)tnéfu‘g%t éggdi ene

( EPDM) : si|i g5AEt rpdbarer are genediarlly] dlegcnibed biacrghate 5
honopol yners or ¢gpobwiRES t¥rhij1RYt adi ene and/ or styrene. The acrylic
“pol ymer may also contain"up to 5% of one or nore pol yfuncti onal
crosslinking agents such as al kyl enedi ol di (net h) acryl at es,

al kyl enetri ol tri(meth)acryl gtes, pol yest er 10 g!( et h) acryl at es,
di vi nyl benzene, trivinyl benzene, but gdi eng, isopregne .and

optionally graftable nmononers, such as, triiallyl A£yanurate, triallyl

i socyanurate, allyl (nmeth)acrylate, diallyl -nakeatec diallyl fumarate,
diallyl adipate, triallyl esters }5/ of citric acid o&\fixtures of these

agents.
Xl . xl

wherein'x‘is selected from the group consisting of
hydrogen, alkyl groups containing from one to five
10 carbon atoms, chlorine or bromine. Examples of
' dienes that may be used are butadiene, isoprene,
1,3-heptadiene, | methyl-1, 3-pentadiene, . 2,3-
dimethylbutadiene, 2-ethyl-1,3-pentadiene 1,3+ and
2,4-hexadienes, chloro and bromo substiiuted
15 butadienes such as dichlorobutadiene,
bromobutadiene, dibromobutadiene, mixtures thereof,
and the like. A preferred conjugated diene is 1.3-
butadiene. '
| ‘The substrate polymer, as mentioned, is
20 preferably a conjugated diene polymer such as
polybutadiene, polyisoprene, or a copolymer, such as
butadiene-styrene, butadiene-acrylonitrile, or the
like. The rubbery'polymeric substrate portion must -
exhibit a glass transition temperature (Tg) of less
- 25 than about 0°cC. , _
Mixtures of one or more rubbery polymers
previously described for preparing the



The di ene rubbers may preferably be pol ybut adi ene,

pol yi soprene and copol yners of but adiene with up to 35% by wei ght of
conononers such as styrene, -acrylonitrile, nethyl nmethacrylate 20 or
Cerr]-Cerr]-al kylacrylate which are produced by aqueous - radi cal
enul si on pol ynerisati on. The acrylate rubbers may be
cross-linked, particulate enul sion cgpol ymers substantially of
Cerr]-Cerr]-alkylacrylate, in particul ar :
qerr]-Cerr]-alkyhd¢{Nyfigene QPéthEﬂ:' draft %8§ymefﬁm Sk UnEx¥iilsup to
15% by wei.ght of conononers such as™ styrene, ” met hyl met hacryl ate,

but adi ene, f nyPNeet By BOFRr BHubhe¥y| medified smanepinphifepe up
to 5% by wei ght &fomaftYdrdet igiIBmdFPWBIdNdIEE hereiTPHRROERED be€- J-

di vi nyl benzene, glycgl-bls- 30 acryl ates, bi sacryl am des;, _
phosphori c acFppPLoved; j gFlurthermore., Eheyjgubben ;@Y CPRPELFS| ester,

allylesters ®f asiyhér aciWlockneirhacandos aGpblymer. trimld yrqpyBaurate
triallylisocyanurg{.gi 1 . Al sQ 4 i suﬁtable arg.nixtures of diege- and
al kyl acryl at e p Cle size used in this ilnventiop,as measupfd &Y ,nd
rubbers which $#wplea lightal tednsmisshon/ sheahbdst r oct ucepidlgrya core

Speci T1c conj ugattiraREndnie ehloRheBGEKpAL® (Ehok) iaychd deserines, o (e
rubber -substrat easf havdng apr &venade/ nparticéegatcare chyl weidsser oifed by
the fol Wi ngeiQEfUbRe of the following: 0.05 to 1.4 miPronms,

‘ preferably .2 to .8 microns, for emulsion based
polymerized rubber latices or 0.4 to 10 microns,
preferably'0.4 to 1.5 microns, for mass polymerized
rubber substrates which also have included grafted

15 'monomer occlusions. The rubber substrate is
preferably a particulate, highly crosslinked diene
or alkyl acrylate rubber, and preferably has a gel

. ' content greater than 70%.
Preferred graft superstrates include copolymers

20 of styrene and acrylonitrile. copolymers of «a-
methylstyrene and acrylonitriie and
methylmethacrylate polymers or copolymers with up to
50% by weight of C,-C¢ alkylacrylates, acrylonitrile

or styrene. Specific examples of monovinylidene
25 afomatic graft copolymers include but are not
' limited to the following: acrylonitrile-butadiene-
styrene (ABS), acrylonitrile-styrene-butYl acrylate
(ASA), methylmethacrylate-acrylonitrile-butadiene-
styrene . (MABS), 'acrylonitrile—ethylene—propylene-

30 non-conjugated diene-styrene (AES).

The, ungrafted rigid polymers (typically free of
rubber) are resinous, thermoplastic: polymers of
styrene, a-methylstyrene, styrenes substituted in
the nucleus such as p-methylstyrene, methyl



[err] wherei.n Xerr] is selectéd fromthe group consisting of
hydr ogen, al kyl groups containing fromone to five 10 carbon atons,"

chlorine or brom ne. Exanples of di enes that nmay be used are
‘but adi ene, isoprene, 1, 3- hept adi ene, met hyl - 1, 3- pent adi ene, 2, 3-
di net hyl but adi ene, 2-ethyl -1, 3-pentadiene 1,3 and 2, 4- hexadi enes,

chl oro and brono substituted 15 bg%gdienes such as

di chl or obut adi ene, br onobut adi ene, ronobut adi ene, m xtures thereof,

and the |iKke. f ed c

The substrate pg%%g;a %w ne%g€#$§ﬁg%ég§%§léﬁgfenﬂﬁcrpf&ﬁgggﬁéeét ed

di ene pol yner megdlacrydonitridleybut mdiene, patidsomrhwdrigie.a cdpol yner,
SUCh 88 ery bt SRRSO a1 A SN ARY! QBLEBELC 00! nhfifures || ke,

The rubbery polynmeric substrate porti ass transltlon
tenperature (Tg)réFrendss 25 SEWWY-@?@H}‘@G COPOlYmﬁ'Fﬁturé‘s of one

or rmore rUb@erYMWPéﬁyrene%t%\ﬁﬂl@Ai/trliéscr'l?.%olyrﬁé’fs pr-aparing
t he nonovi nyl i dene aromati c

graft pol yners, W%Wrylat@f/a&wlﬁn%ﬁﬁleler ubl5&P &LSeq are

nonovi nyl i dene pref@ya@d.ic graft polyners disclosed herei n may also be

enpl oyed. . Furtherppre, _the_rubber na 9@ |se 5 _eit ck or
cl

random copol yner. R Lte Eégf qﬁﬁxFF% Pﬂ?gnl tion as
measur ed by maynple | ipylepatnedns ivys s rad icetlhoge lymesdsialtiany  in

10 particular by emulsion, suspension, solution or bulk
polymerisation. They preferably have number average
molecular weights of from 20,000 to 200,000.

The number average molecular weight of the
. grafted rigid superstrate of the monovinylidene

15 aromatic resin is designed tb be in the range of
20,000 to 350,000. The ratio of monovinylidene
aromatic monomer to the second and optionally third
monomer may range from 90/10 to 50/50 preferably
80/20 to 60/40. The third monomer may optional

20 replace 0 to 50% of one or both of the first and

. second monomers. | o
These rubber modified monovinylidene aromatic
graft polymers may be polymerized either by mass,
emulsion, suspension, solution or combined processes

25 such as Dbulk-suspension, emulsion-bulk, bulk-
solution or'other,techniques well known in the art.
Furthermore,. these rubber modified monovinylidene
aromatic graft copolymers may be produced either by
continuous, semibatch or batch processes.

30 . The compositions preferably contain the -flame
retardant at a level of from 3 to 40 percent by
weight based on the total weight of the composition,
more preferably from 7 to 25 percent by weight



hydrodynanmi ¢ chr.omat ogr aphy (CHDF) may be descri bed as havi ng an
aver age particle size by wei ght of 10 select one of the follow ng: -0.05

to 1.2 mcrons, - preferably .2 to .8 microns, for emulsion based

pol ymeri zed rubber | atices or 0.4 to 10 m crons, preferably 0.4 to 1.5
m crons, for mass. pol ynerized . rubber substrates which al so have

i ncluded grafted 15 nononer .occl usions. The rubber substrate is
preferably a particul ate, highly crossllﬁ¥%d di ene . or alkyl acrylate
rubber, and pref ly has eat ey th N4 £ 09

Preferred graft §ﬁ§g?§FraF3§ ﬂﬁgluéﬁegp %gﬁ%%?- 8 3 %5cegﬁd
acrylonitrile, bppeéeygbtsthetreoéf- nethylstyrene _ and

acrylonitrile and ? CFEEHFI %ﬁwﬁiyﬁ% pol &énQétEBflO&#%ﬁEtW' th up

to 50% by wei ght 0 err| acryla es acrylonitril
styrene. - Speci ®fc exanplakodggnanetdyi madnatie 25 diglonmt PEeLgrably

copol yners . gncl HE'@m:.HHEedaranm'&%tlc aidil Mise 49 &fﬁyi@héo\&hﬂﬁllde
acryloni tril e-butadi ene- tyrene (ABS), acrylonitrile-styrene-butyl

acryl ate ( ASRPIDREL kPRet hac?‘??at brﬁﬁiﬂ-?ﬁéﬁldt r PFEMBGE4di 8404 1S styrene
(MABS), acryl oni prekerabhyl enepperpibesd- Hi&pH@bI 0] U&'tﬁcﬁd.ﬁl @@Q‘eﬁ yrene -

(S5 arc oot PRSI LA P e

[err]-methyl styr dmhallaéytempessubshl igtereferably 4 mxvuwrd edsa Guch as
p- met hyl sty

n
acryl ate, Iiﬁre §F‘rremt??lré%rytf%t glghte&ﬂ yF(‘?ﬁPPﬁ I 8‘°’“S :h%t ?ylac}ﬁcﬁl‘t rile,
maleic acid anhpdeitge, alkyl mcmdbfaﬂutd& edndl a&a m(ziecmvl llkvdesmeat e or

m xt ur es thereqkh s Styr,,.%réelcac& %Eki’i' Lngnoégﬁ)_gdgﬁq S preferably

met hyl st yrene/ acryl oni cdpol®
a C,~-C, alkyl bromlde, and more preferably methyl

bromide. The C,-C,y alkylene dihalide is prefe;ably

15 a C,-C, alkylene bromide, and more preferably is
- ethylene dibromide. The alkylene dihalide
composition preferably comprises from 5 to 95
percent by weight alkyl monohalide based on the
total weight of the alkylene dihalide. composition,

20 more preferably from 10 to 40 percent by weight
thereof, and most preferably from 20 to 35 percent

by weight thereof: and preferably comprises from 5

to 95 percent by weight alkylene dihalide based on
the total weight of the alkylene dihalide

25 composition, more preferably from 60 to 90 percent
. by weight thereof, and most preferably from 65 to 80
percent by weight thereof. The alkj/l monohalide and

the alkylene ‘dihalide are preferably present in the
alkylene dihalide composition in a respective molar

30 ratio of between 1:9 .and 2:1, more preferably
~between 1:5 and 1.5:1, and most preferably between
1:3 and 1:1. The 6ligomeric flame retardant
preferably has a number average molecular weight of
between 1000 g/mole and 8000 g/mole, more preferably



qethylnethacrylate/acryfonitriIe copolyners are preferred.

The ungraf ted rigid copolyners are known and may be prepared by

radi cal polynerisation, in 10 particular by enul sion, suspension, solution
or bul k pol.ymeri sation. They preferably have nunber aver.age

nmol ecul ar wei ghts "of from 20,000 to 200, 000. The nunber average
nol ecul ar wei.ght of the grafted rigi? superstrate of the nonovinylidene
15 aromatic resin is designed to be in ﬁe range of 20, 000 to 350, 000.

The ratio of m:}%ﬁ‘.ﬁ&’éd darﬁ,o /a{oq_rgatla ro gggﬁlo ?’3 g/seg@@d

optionally thi range referably

80/ 20 to 60/ 40. premrﬁarabisf cbamferlmgdml@qandzéoopegm@eeo t0¥50% of
one or both of tdedi Mdndihide SECOPREE r§f the formul@ese rubber
nodi fi ed nonovi nyli'dene aromati c graft polyners may be pol ymerized

ei ther by nmass, enul si on, suspension, solution or conbi ned processes 25
such as bqu-suSpension, enul si on- bgkkgé bul k- sol ution or other
techni ques - well known in the art. Furt hernore, these rubber nodified
monovi nyl i dene aromatic graft copolyners may be produced either by
conti nuous, seniwigrdirx’hasch pabegencpredérably sdhectedpison ius

preferably contain the f ant, _at a vel fr 40
percent by S V\%JF%W %%%%ﬁsﬁhn?hB%t SE‘QPr\?vé’Iegl‘?Pdo %o'np%gal 3?%%:
nmore preferably prefedably 25spebreminbéy weidhR® is a (branched or

28 oot " B P LS O OBk 2oty e Bictel

t her eof . s a con t1on
hal ogenated  arahiyl cradital, apdeiermbdty preferably selected from

the group consisting of methyl and ethyl radicals.

a

i0 The alkylene dihalide is preferably of the formula:
XZ_R7_x2

wherein X? is as defined above; and R’ is an alkylene
divalent radical having from C,-C,, carbon atoms,
preferably from C,-C, .cdrbon atoms, and is most
preferably selected from the group consisting of
15 ethylene and divalent radicals. |
The halogenated aromatic diol, pfeferably
brominated aromatic diol, is more preferably a
brominated bisphenol of the formula '

OH

RS RS

wherein each R? is independently selected from the
20 group consisting of a hydrogen atom, a chlorine
atom, a bromine atom and an alkyl droup containing



5 bromnated aromatic diol, and an al kyl ene di hal i de conposi tion.

The bromnated aromatic diol is preferably a brom nated bi sphenol

A and is nore preferably tetrabrono bi sphenol A The al kyl ene

di hal i de conposition is preferably a mxture of- a Cferr]- 10 (err] (one
to eighteen carbon atons in the alkyl noi ety) al kyl nmonohal i de and a
Cerr]-Cerr] al kylene di hal i de. The qerr] C[err] alkyl nonohalide is
preferably a CJerr]-Cerr] alkyl br orfi d and nore preferably nmet hyl

brom de. The (err]l-Cerr].alkyl ene tha de . 15 _a

ert] rerr] i EEPBok EPoRTGaroSHnat %ﬁepﬁm-éﬁﬁbr:bat 2t 1835 £h oPene

di brom de. f groafpkiseaechlor iné i cie bromlmit)mml 'andnppegéeglbmb% ]
conprises from 5, per cent ohal i de.based on the
Cotal verght of “ther digming MHAE ene whRERIR, 20 s ersBRHiR, 4 B RBB0 y "t rom
- 10 to 40 percentbopdwerrglat dlvale(ﬂterm:,ca]ndseMt@defeombtxaef gaoup0 to 35

per cont by vdi gntOATRDFERE Behalide Baced oA | “SOrhe CPot af LRERR of

the al kyl ene andalaldwlzi‘ﬁemrrpmmnq:ommenpngf er abby ¥¢ ona@‘bolno 90

per cent t r d f er gb rom.6
percent by vvel ht t ?arergl o %‘3{ nglq.{} m)no al i de angui 8k ﬁlttg %%lnene
di hal i de are pr eF@ﬁ‘a’éP-SllBgeééﬁrPhﬁﬁthBYdrocaa‘bl@yll é‘ﬁélmaﬂ-él |Séilé‘-hc@|$p05| tion

in a respective grigw, 30-oR%WR%O-,0f Lagween _ER9sped 2: 19511399@:3 pr-ef erably
between 1:5 nost pref er abl ét%etween : ang 1:1. .

d
The ol i gom]-JE’llnc %§F§r¥93 P‘gnoar'daﬂzCR CO,. FERRPART y TOR’ §°nunb%92Ra$/%r age

nol ecul ar wei ght whaérein RPetgweerc lagodgbaméﬁcaashﬁ%@l&/ ﬁ@h&oc&&b@n
preferably tween 1300

g/mole and 60052%4FAGFe, PERGSRARLY 3t LPBFL: ﬁb?§ B’é?m%er?rfé’@f 5ol e and

3000 g/ nole. Thehe above diol are bromine. Preferably ¥! is a C,
radical. The preferred brominated bisphenol is
15 tetrabromo bisphenol A, which may be represented by

the general formula

Br, Br,

Ot

and more preferably

PERRS V.

Br
Ho <)

Br

. The flame retardant may be represented by the
general formula: '



Y

‘al kyl nmonohalide is preferably of the formula Xerr] - Rerr]
wherein X2 is.-a hal ogen preferably selected fromthe 5 group consisting of

chl orine and brom ne, and nost preferably is bromne; and R6 is a
(branched or unbranched) Cerr]-Clerr] alkyl radical, preferably a
Cerr]-Cerr] al kyl radical, and is nore preferably selected from

the group consisting of nethyl and ethyl £gdicals. 10 The al kyl ene
di halide is preferably of the forml a: Xerr] -

: - X d_

Rerr] - Xerl uneroithGiel o Aber 0 4aeas deliaed. aboysy andaRen 1 an
pref erably fron1@F@ﬁﬁkﬁ@ﬂ@rshleamhdnfabmn& tanﬁszisnmnre prqﬁeﬂahl&bry
selected fromt heseq_r dcon§'é§ht' ng Qé 1§F b%lj;lal ene %Bjsrfj \{ﬁ_l j cal s.

The hal ogenated aronetic br'6m hated arona ic diol,
is nore preferabﬁﬁl@Ctedlﬁﬂﬂﬂr&ﬂ@m ®4spﬁhaoﬁlemetmgta@dnnm§ mapemq

wher ei n each R egﬂod&éﬂdgggndg%l ys@fﬁ%iéd dSHR A e £25h Q)an5| sting
of a hydrogen ataom | orine tom a brom ne atom an H group
cont ai ni ng including, for example. reaction in the presence o

- an ether solvent. Note that the flame retardants
are end capped with alkyl groups thereby avoiding

~the problems associated with reactive end groups.
i0 : The composition may also contain amounts of a
flame retardant synergist. Suitable synergists
include antimony compounds, zinc borate, bparium,
orsanic phosphate, molybdenum ‘components,
metaborate, hydrated alumina, zirconium oxide. and
15 ammonium polyphosphate. Suitable antimonf compounds
include Sb,0;, Sb,S;, KsSb, Na,Sb and Li,Sb. The amount
of'synergist in the thermoplastic composition is
preferably at a level of from 1 to 15 percent by
weight based on the total weight of the composition,
20 more preferably from 2 to 10 percent 'by weight
thereof, and most preferably from 5 to 9 percent by

weight thereof.

The compositions may also contaiﬁ an amount of
a drip suppressant such as tetraflubroeehylene
25 polymer preferably present at a level of from 0.1 to
S percent by weight based on the total weight of the
composition. Tetrafluoroethylene polymers which are
suitable according to the invention have fluorine
contents of 65-76% by weight, preferably 70-76% by
30 weight. Examples are polytetrafluorcethylene,
tetrafluoroethylene/hexafluoroprdpylene copolymers,
tetrafluoroethylene/1, 1-difluoroethylene copolymers,
and tetrafluorcethylene copolymers containing small
amounts of fluorine-free copolymerisable



27 from1l to 5 carbon atons provided that at |east one R err]

group is a chlorine or bronmne atomand preferably - IS a brom ne atom
and wherei-n Y[err] represents a single bond or a dival ent radical
selected fromthe group 5 consisting of -O, -S-, -SJerr]-, -SO, -CO,

al kyl ene and al kyl i dene groups containing 1 to 10 carbon- atons, and
oxygen-, silicon-, sulfur- or nitrogen- containing al i phatic

hydr ocarbon radi cal s such as - OR[ er r3d CR[err]OR[err]O—

i gﬁ[are; ]r ]Cg[ err] C?I'LE'F‘V%LSR["H : leWr ]ﬁs@rtr‘}%reer‘% pOIIOm . er g}?gg o lymerR;[ errle

-SO err] R[ er r] SCager known ﬂf&mervlﬁyerEhdsnénéiédrroiyméth"dlwwnﬂn
al i phatic hydroc

crorme of UPRRLIEY 5 SR LG oMe RSBk Soapr o peses raL Ll |

radical . The préFéuoe@oﬂwmemmaLeWLEeypMamekscieﬁﬁe t RewHNowoD I873henol A,
ﬁg;ghprz¥efgg[spmﬁﬁﬁg%ﬁgpg&ie thso§§ﬁSEmSJfgﬂggaand h%k%hology", ~and
Interscience Publishers, New York, Volume 13, 1970,
pages 623-654; "Modern Plastics Encyclopedia", 1970-
1971, Volume 47, No. 10 A, October 1970 McGraw-Hill,
Inc., New York, pages 134, 138'and 774; "Modern
10 Plastics Encyclopedia", 1975-1976, October 1975,
Volume 52, No. 10 A, McGraw-Hill, Inc., New York,
pages 27, 28 and 472 and U.S. Pat. Nos. 3,671,487,
3,723,373 and 3,838,092.
The following examples illustrate the desirable
15 properties of the present flame retardant in ABS
compositions. _ ' |
_ Ex les
An ABS graft copolymer composition was pdeuced'
containing 20.4 parts by weight (pbw) of an oligomer
20 of tetrabromo biephenol A/methyl bromide/ethylene
dibreﬁide condensation product, 9 pbw Sb,0,, 6 pbw
chlorinated polyethylene ({CPE), and 100 pbw
acrylonitrile-butadiene-styrene graft copolymer.
The composition alsoc contained amounts of lubricants
25 and colorants.. The flame retardént for example 1 is
of the formula:

Br. . Br Br Br
H,— O H ,~CH,-0 —@-Q-Q— o}cn,
Br Br Br Br p)

The eomposition of Example 1 exhibited no
bloom, a Gardner impact of 25 ft-1b, a notched Izod
impact of 4.4 ft-1lb/in., a color shift (dE) of cnly

30 1.66 at 300 hours in Xenon arc testing, a melt




The flanme retardant may be represented by the general formula: - [err]
28 wherein R err], Rerr] and Rlerr] are defined as above, and n[err]
is preferably selected from1l to 12, is nore preferably sel ected
froml1l to 5 and is nost preferably selected from2 to 4. The flane
retardants may be 5 produced via any suitable condensation reaction

i ncluding, for exanple, reaction in the sence of .an et her sol vent.
Note that the flame retardants . are end capped with al kyl groups

ther eby avoi di NGy scoshRy REOBIYTS @es0ei S cdoybk Naf CaBbbYSeEnd Grgups. 10

The conposition gﬁ so“contain a retard
synergi st. Suit dieeE dﬁﬁﬁgqﬁhﬂnstempefaﬁﬂtﬁkpénl5ﬂﬁﬁya§o#ﬁ§uné§d zi nc

borate, barium 264 p%rlsa@:&umﬂ@a)waffame ré%faéﬁewneveioaeowts
met abor at e, hydr at ed al um na, Zzirconi um oxi d 5 " ammoni um

pol yphosphate. it aBReHRHVi R6nY - 2dnBbuABL6 “W- hr/’ﬁcl G 39 é?lhla]rCPEr r],
Sblerr]S[err)s, Kpeockseinyalerr]Sb and Li[err]Sb. The anount

synergist in the thernDpIa tic co sition i refe any IeveI of
from1 to 15 percent i m??gﬁé@éd %ng%ﬁ’@etd’%ﬂ ’Ré? gf

conposition, 20 fmmmalareferably fron12 to 10 percent by melght

thereof, and nost preferably from5 to 9 percent by . weight thereof.

The conpositions may al so contain an anmount of a drip suppressant such
as tetrafl uoroethyl eneB23_pol yne BpreiErably pressnt_at a ével;ﬁ fromO.1

to 5 per centupyowe o otfen,t o, ab —we - 0 $CH,
Br Br . Br .

in an ABS composition,.and exhibited good color., no
bloom, good ultraviolet light resistance. UV
10 UV(dE)=1.19, ULS4 at 60 mil = VO, UL94 at 90 mil
V=5V, notched Izod of 4.1 ft-lb/in., Gardner impact
of 18 ft-lb, HDT at 1/8" and 264 psi of 169°F, a
melt viscosity of 1000/s at 400°F of 3559 poise.
' Example 3 involved replacement of the ABS in
15 . the above composition of example 1 with a high
impact polystyrene and ylelded a UL-94 of V-2 at 60
mil, and a VO at 250 mil.
Example 4 involved the replacement of the ABS
of example 1 with a bisphenol A polyca;bonate/ABs
20 blend, and yielded a UL-94 rating of V-0 at 60 mil,
a notched Izod of 9.7 f£ft-1b/in., and a melt
viscosity of 1405 poise at IOOO/s_and 500° F.



coﬁbositlon hyl ene polyhers which are sui tabl e according

to the i uori ne contents of 65-76% by wei ght;
pr ef erat”mm 'H @ ﬂ ‘V\BI ght . Exanpl es are polytetrafl uoroethyl ene,
tetrafl uor oett | uor opr opyl ene copol yners,

tetrafl uoroet hyI ene/ 1, 1-di fl uoroet hyl ene copol yne uis EETaHﬂs BEEN

t etraf | uor oet hyl ene copol ymer s cont ai ni ng smal I a L}\éED of
fluorine-free copol yneri sabl e 29
et hyl eni cal .y unsaturated nmononers. Suygh ,pol yners are known from
"Vinyl and Rel ated Pol yners", John Iiﬁaéli%&% & Sons, Inc., New York, 1952,

pagés 484-494; i. "Rluotpplyaebsia tlwImsﬂmtmmm:eonl\lemﬁﬁikm@?z; 5

"Encycl opedi a of Pol y} Scyj ence d Techn I nt gersci ence._.
Publ i shers,. New YorKk, g%lfl 4%878ercen o%g wgi'ghé;S4 of. 'NbderiT Pl asti cs
Encycl opedi a", 1970- *etart@an; \ofnlmne 147 artNoolilgoer 3ct obrdett9&0ion

I\P/FS';?YVE:SH | :Encycl olpggl a wgéklsgggq%%?ﬁ}g?%%gm’uiﬁ?dgﬁaS%g No. 10

A, MGawHiIl, Inc. al\EleQ’@?k dlhaba@és 2gompgsakdon72 gA@PULSingat. Nos.

3,671, 487, 3 723 §f§yi‘@ﬂe3d§ﬁ§lggg The foll ow ng exanpl es
illustrate the desirable 15 properties of. the present -flame retardant in

ABS conposi t fons. The composition of Claimgnp| g¢herein saipg ABS

graft copol ymer cowp0§bﬁ1p@§1wénpr¢2ﬂmacised aCOAlra} NI Bgar@aé -paehs -by
wei ght . (pbw) of an O|I? ng of. tet r oo 3 sphenol A/ net hyl _
br oni de/ et hyl ene ytruyY n?HSmEBﬁGeHE i“ofTOFP 9 pbw Sb, 03, 6 pbw

chlorinated pol 3et hyrreecofiBE)iticandf MGimpldv wherein said graft

acrylonitrile- bUt adi eQSpSH.%SQe*@ if£c§§p8}-¥b-_..'Le—butadiene-styrene
graft ccpo.Lymer.

. 4. The composition of Claim : wherein said Zlame
retardant is the condensation product of
tetrabromobisphenol A, methyl bromide and
ethylene dibromide. |

5. The ccmposition of Claim 1 wherein said flame
retardant 1is represented by the general

formula:

Rl Ri Ri R',’
R? R® LY R\ LY /n-
wherein each R® is independently a C, to Cy
alkyl radical, each R® 1is independently
selected Irom the group consisting cof bromine,-
chlorine, hydrogen and C, to Cs; alkyl radicals,
' provided that at .east one R® of each bisphenol
. moiety is a ‘r'Jromine., each R’ is a divalent
radicél selected from the group consisting of
divalent radicals having from .1 to 18 carbon
atoms, each V¥! is izidependently selected from

the group censisting -Q9-, -S-, -S0,-, -S0-, -

Sheet Has Been-Replaced -
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The conposition al so contained anounts of

The fl or exanple 1 is - of the fornula' [err]

The co nple 1 exhi bited no a—Car-aner—i
of 25 fqﬂ l @“ﬁ & “inpact of 4.4 ft-| bml% éHEﬁTthSoBEEM

of only

ours in Xenon arc testing, a REPLACED

| ubri cants 25 and col orants.

nmpact
ft (dE)

30 viscosity of 3451 poise at 400[err]F at 10007S€c.,—amd a heat
distortion tenperature of 159[err]F at 1/ and 264 psi, exhibit
at 60 ml, an HPUVY of 1.57 at 2806 Whr/n2, and

flame retardancy | evel
no char on 5 processi

ed VO

R§-. and alEYéﬁﬁPe angs | plky¥d ideneamt afdcadgant of

the for rrul a h&tihg from N1aRABE) Cearssh! | frbmsNdagyhinbi tgd good
col or, no - bl oom good ultraviolet |ight resistance, w1
UV(dE) =1.19, UL94 at 661RFred ¥&omuloZoail2o( ni | V=5V, notched | zod of

1 ft-1b/in., Ggrdnep iApaRé retardant cthermoplastic cocmposition
comprising:

Br - Br '
cH, -O—@—’_@__ 0 -{ CH,-CH,-0 @ @
. Br 3r \

10.

(a) a vinyl aromatic resin present at a level
of f£rom 60 to 97 percent by weight based
on the total weight of the composition,
and

(b} a £flame retardant present at a kevel of
from 3 to 40 percent by weight bésed on
the total weight of the composition, said
Zlame ~retardant belng of the general
“ormula:

wherein n® is selected from 1 to 12.

j}ca,
n*

The composition of <Claim 6 wherein said:

composition further comprises from 1 To :5

w— -t

bercent by weight of an antimony compound.

The composition of Claim : wherein said
composition further comprises from 1 to 15
percent by weight of an antimony compound.

The composition of Cléim 1 wherein said flame

retardant is an cligomeric condensation product

of a brominated aromatic diol and an alkylene
dihalide composition comprising an aikyl
monohalide and an alkylene dihalide.

The composition of Claim 1 wherein said vinyl

aromatic resin is an impact modified styrene

_’//.-

Been Replaced

" i

polymer.



of 18 ft-1b;, HDT at 1/8" ‘and 264 psi of 169[err]F, a mel t viscosify of

1000/ s at 400[err] F of 3559 poi se. Exanpl e. 3 invol ved repl acenent
of the ABS in 15 the above conposition of exanple "1 with a high .

i npact pol ystyrene and yielded a UL-94 of V-2 at 60 ml, and a VO at
250 m . Exanple 4 invo|ved t repl acenent of the ABS of
exanple 1 with a bi sphenol A polycarborate/ ABS 20 blend, and yielded a
UL-94 rating of V-0 at 60 ml, a notched Izod of 9.7 ft-Ib/in., and a
nel t Vi scosi twiNfL hﬂﬂﬂm&mﬁzz«l@ﬁiﬁoﬁ'ﬂz&@[@éﬁhﬁum 31
Cl ai s 1. A \CORJENSZINON PROBUCT G RONLAGENA FOFNKRONAEIE B o

40 percent by weiapn af ALKYrENE metecen: which is an ol i goneric
condensati on product of a hal ogenated aromatic diol and an al kyl ene
di hal i de. 2. The conposition of aim1l whierein said conposition

further conprising a vinyl cyHym9cH g@;w%yﬂ%ﬁ% RE graft
copol yner . 3. The conposition aid graft copol yner
is an acrylonitril e-bft BHrBReTeEFFdAaRtgERRIMEPRAISEASr COMPPSitipa is
conposi tion of ChabPidedh&RitaivAiny fhLaRB Al a4d8Rbtic resin and a
- flame retardant. The flame retardant is an
5 oligomeric condensation product of a halogenated
aromatic diol and an alkylene dihalide composition
which 1is preferably an admixture of an alkyl
monohalide and an alkylene 'dihalide. ‘ The
compositions are useful for making molded articles
10 for automotive parts and for business machine
' housings. The .composition exhibit no bloom, good
thermal color Stablllty, and good' resistance to
ultraviolet light. -«



Is the condensatlon product of t et r abr onobi sphenol A, met hyl br o g >
and "et hyl ene di brom de. 5. The corrp05| tion of daim1l wherein said
fl ane retardant i S represent ed’ by the gener al.formila: Lerr]

wherein each Rlerr] is independently a CJerr] t g AEPLAGEMENT SHEETSI Cod, |
each R err]”llﬂl“"'ﬂﬂ“ﬁtm"g sel ect ed from t he Dgsasipgion opsgestt.i. D% Bhged .....
brom ne nd Clerr] to C[eE(ﬂ?aah(syl Epgge@aisto edh-

provi ded that &t Feast one Rerr] of eacht | EpDexvdhg@pt g4 dl__$“§) .....
brom ne, each Rerr] is a divalent radi cal |sE Leggjﬁ@tfro i ..... o
consi sting of dival ent radi cals having from1l to 18 car on aaoms %gcw'
Y[err] is I ndependently selected fromthe =L

_[32 ]_ -S— _Sq err] _So_ COC! aimg al yﬂzﬁn @b:kﬁ(‘ J p]-pr:ﬁe’"7 .......
radi cal s havi ng from1l to 10 carbon atonms, and n2 is selected from1 to
12. 6. A flame retardant thernoplastic conposition conprising: (a)

a vinyl aroratic & é&sinylpraxomatia resig composiitdon comprisi®gy frod73peocent

by wei ght based qfp theré&hel by weight of a flame retardant which is an
oligomeric condensation product of a halogenated
aromatic diol and an alkylene dihalide.

2. The composition of Claim 1 wherein said composition
further comprising a vinyl cyanide-diene-vinyl aromatic
graft copolymer.

3. The composition of Claim 2 wherein said graft copolymer
is an acrylonitrile-butadiene-styrene graft copolymer.

4. The composition of Claim 1 wherein said flame retardant
is the condensation product of tetrabromobisphenol A,
methyl bromide and ethylene dibromide.

5. The composition of Claim 1 wherein said flame retardant
is represented by the general formula: '

wherein each R® is iridependently a C to C, alkyl
radical, each R® is independently selected from the
group consisting of bromine, clorine, hydrogen and C, to
Cg aikyl radicals, provided that at least one R? of each
bisphenol moiety is a bromine, each R’ is a divalent
radical selected from the group consisting of divalent
radicals having from 1 to 18 carbon atoms, each Y! is
independently selected from the group consisting -O-,
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wei ght of Wg (b) a flanme retardant present at a
| evel of fr 3 to percent by wei ght based on the total weight

gfener al for:u-j' 'Hmmﬂlﬂﬂm sard fl amangE a;rﬁam ePrei nigsofsef Qgt ed form1lto

12. 7. The corrpr| ion of Caim6 wherein said conposition - further
conprises form1l to 15 percent by weight_ of an anti nony conpound. 8.
The conposition of Claim1 wherein said 3 nmposi tion further conprises -
from1l to 15 percent by weight of an antimony conpound. 9. The
conposition of Claim1l wherein said flane retardant is an ol i goneric
condensation product of a broni nated aromatic diol and_an al kyl ene

di hal i de conposi tfon  -SOgonpFPsi-ng-€A-al lapd nakbidenge ard &aikylddane

di hal i de. 10. TaRicMRON4v Oty Ofr&hab.mtl: Wher 84 PpSAl Qt)éhu@w AP | s
resirn is an inpact _nodi fd ed styrene po ymer.
selected from 1 to

6. A flame retardant thermoplastic composition comprising:
(a) a vinyl aromatic resin present at a level of from
60 to 97 percent by weight based on the total
weight of the composition, and
(b) a flame retardant present at a level of from 3 to
40 percent by weight based on the total weight of
the composition, said flame retardant being of the

} CH,

general formula:

Br Br '
CHy —0 — 0 «(cn,-cn, @ @
Br Br

" wherein n? is selected form 1 to 12.

7. The composition of Claim 6 wherein said composition
further comprises form 1 to 15 percent by weight of an
antimony compound.

8. The composition of Claim 1 wherein said composition
further comprises from 1 to 15 percent by weight of an
antimony compound.

9. The composition of Claim 1 wherein said flame retardant
is an oligomeric condensation product of a brominated
aromatic diol and an alkylene dihalide composition
comprising an alkyl monohalide and an  alkylene
dihalide.

10. The composition of Claim 1 wherein said vinyl aromatic
resin is an impact modified styrene polymer.
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