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FLAME: RETARDANT POLYAM DE COWVPOSI TI ON 5 The invention rel ates
to a flane retardant hi gh-nmel ti ng pol yam de conposition conprising at

| east ONgueHeed de and a bromi ne-containing styrene popgveLs000750f a
hi gh nol ecul ar wei ght. Such a conposition is known from various patent
publications. For instance, WO-A- 10 9518178 di scl oses a conposition
conpri si ng: a. at | east one pol yam de b. glass fibre

rei nf or cenent C. a bron1ne contaln[ng Bolgsthrene and d.
magnesi um hydr oxi de orER#! AgX oL QST di sadvant age of
brom ne-containing flane retardants generally is that, after their
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frequently 25-%€Br "b’u%m% L&5eGhr BP%ﬁc?ﬁ"?IHse %E)or{‘p&é’st For
renedi al Xurp8Se8i78 dxscknaannande@puﬁltlon\mebﬂiaﬁ3@915 and el sewhere to

very careful |y, masgwtfghst oﬂgr%guggmgegtaining conpound to renove inorganic
brom ne apd chlﬁ ghure of the firmof Geat Lakes 30

Cheni cal Corp8tati® a?%rf“ihfrf |5|e68 RECPREYE 50

c. a bromine-containing polystyrene and

da. magnesium hydroxide or magnesium oxide.

15 The disadvantage of bromine-containing flame
retardants generally is that, after their incorporation
in electronic and electric parts, they may give rise to
so—called copper corrosion, This particularly occcurs
when, due to the high melting point of the polyamide,

20 the composition must be processed at high temperatures,
for "instance 300°C and higher. In that case the
processing equipment, too, will be affected by, inter
alia, so-called mould staining.

Another disadvantage is the frequently

25 serious discolouration of the composition.

For remedial purposes it is recommended in
WO~-A—-91/13915 and elsewhere to very carefully wash the
bromine-containing compound to remove inorganic bromine
and chlorine, The brochure of the firm of Great Lakes

30 Chemical Corporation for its product PDBS-80
(polydibromostyrene) indicates that said product does
not lead to copper corrosion and, besides, causes only
a slight discolouration.

An explanation for the substantially improved

35 corrosion resistance of the poly(bromostyrene)
compound, i.e. polymerized bromostyrene, over that of
brominated polystyrene compounds may, according to US—
A-5.369.202, well be found in the absence of brominated
side chains (what is meant is probably brominated
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10 properties, particularly the toughness, of the glass

fibre reinforced polyamide compositions in which it is

incorporated are inferior to those of, for instance,

compositions with the same flame retardancy in which

brominated polystyrene has been used as flame retarding
15 agent.

For use in electronics in particular, for
instance plug connections, in which a temporary
deformation oc¢curs, this constitutes a serious
disadvantage, which also manifests itself when the pins

20 are inserted during the production process.

The object of the invention is a flame
retardant polyamide composition that does not show the
above-mentioned disadvantages.

Now the inventor has very surprisingly found

25 that a substantial improvement of the mechanical
properties is obtained, even to beyond the level of
comparable compositions based on brominated
polystyrene, when the bromine~containing styrene
polymer is a palymer of brominated styrene containing

30 at least more than 2 bromine atoms per styrene monomer,
i.e. the bromine content of the polybromostyrene is
more than 61% (wt), preferably at least 62% (wt), more
preferably at least 63% (wt). A maximum limit for the
bromine content is hard to be indicated and is in

35 principle determined by the maximum number of Br atoms
to be bound to a styrene monomer, which is 5-6.
Preference, however, is given to a maximum bromine
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The flame retardant action of the composition
can further be strengthened by the presence of a second
component. For this purpose all substances that are

15 known in the art to strengthen the action of halogen-
containing flame retardants will in principle qualify.
Examples of such substances are metal oxides, for
instance antimony oxide and the oxides of alkaline
earth metals, metal hydroxides, for instance magnesium

20 hydroxide and aluminium hydroxide, phosphorus-
containing compounds, etc. The content thereof may vary
between wide limits, but generally does not exceed the
polybromostyrene content.

The composition may further contain the usual

25 additives, for instance glass fibre reinforcement,
stabilizers, release agents, flow-promoting agents,
colourants and pigments, inorganic fillers, for
instance mica, chalk and clay and nucleating agents,
for instance talcum, to the extent to which the

30 properties are not adversely affected.

The additives content wlll generally not be
in excess of 50% (wt).

If glass fibres are present in the
composition, their content may vary within wide limits

35 and is determined in part by the level of the
mechanical properties that is intended to be reached.
Generally, the glass fibre content will not be in
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peroxide, at a higher temperature, for instance higher
than 200°C. Very suitable for this purpose again is an
extruder. The two polymerization steps can be carried
15 out in one piece of equipment having different
temperature 2zones.

The mixture of brominated styrene monomers
generally contains mono-, di- and tribromostyrene. By .
varying the ratios in the composition the desired

20 bromine content of the polybromostyrene for the
compasition according to the invention can be obtained.
Generally the mixture will then substantially consist
of di- and tribromostyrene.

For further details of the preparation of the

25 polybromostyrene reference is made to US-A-5369202.

The molecular weight of the polybromostyrene,
expressed as weight average molecular weight, Mw, will
generally be between 10,000 and 250,000. A molecular
weight smaller than about 10,000 is apt to give rise to

30 so-called bleed-out effects, which explains why
preference is given to a molecular weight of at least
20,000, while a molecular weight in excess of 250,000
may cause problems in processing the styrene polymer.

In polyamide compositions having a processing

35 temperature of, for instance, more than 300°C
preference is generally given to polybromostyrene
having a high molecular weight; at lower processing
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4= excess of 50% (wt) calculated on the total conposition.

The pol ybronostyrene for the conposi tion according to the invention can
be obt ai ned, waobmseal | a, usi ng the process disclosed i NPCIENESTBOES202.
In that 5 process, carried out in the absence of a solvent after a
prepol ymeri zation step in for instance & single screw extruder or in a
static m xer at about 150[err]C until at | east 20% of the nonomers has
been pol yneri zed, a m xture of brom nated styrene nononers is further
10 condensedtémpexahﬂr;@quént ieatancei 260 A ,pleedewee mblecular

POl yrer t 2at | e i tYior il PeheNEE DRNEAKny coBebAXi do. al a hi gher

t enper at ur e, err].C Ly suitable for this
purpose again is an h@xttll‘t?&é‘?l ‘Tﬁ%b’cwerfo 1faPF8F| ERRDE %an be
carried 15 owtmpourghe muretheor eyni phiestetianaliy diihfleredt phenoX enper at ure

zones. S compounds!N&dH wgﬁ:sneté br@m-f!?ztﬁfétﬂiyﬁ"—@')ﬁ} , BORPIR( S, 5=
general ly con o- - [ styren varyi ng the
ratios in thé&b 45?4?¥¥ Hﬂ%é°5¥§°?é& ERFn?ﬁa/ ? antent of the
poIybronDstyrh#naﬂ%ﬂhxﬂﬁae“blsdémﬁoértrkﬁt!&xﬁnﬁﬂdﬂgchlnnemlﬁ&bnt|on can be
obt ai ned. atRNRRd Yarlde® Winst WEGWI hdmd Eyanidxsiaoki akby €onsi st of

di - and tri brponost For further details of the
preparation o $ Jégﬁ poﬁ?ﬁ?gﬁnstérene reference is made to US- A-5369202.

The nol ed® ar melght ofIn lgeneshybEbavSeRPeFition aceppdéngetio akhewi ght

average nol ecyﬁ@énmrghmlwe Wl'thln thdefer v hgda ihetween 10, 000 and
250, 000. A noleculfg ng L1S IIer t han about 10,000 is apt to give
rise to 30 sd:calfd B & g??ec?s whi ch expl ai ns why preference
is given to abnol ektA%y «Matghpoéwbapmpeéstene witd @obromhnee a nol ecul ar

wei ght in excess odordadhtOQF moreMBliafiags® pwmplensllp processlng t he
Sﬁyre“e ﬁ@ YIES-  o-g0% (wt) £lah@ PBLYPHLES CHRIWVihOREmPaYLET 2
processing d) 0-50% (wt) glass fibre reinforcement
e) 0-50% (wt) other additives
(a +b+c+d+ e) = 100%,
The invention is very effective for a
20 composition in which the polyamide has a melting point
higher than about 280 °C, Examples of such high-melting
polyamides are the aliphatic polyamide 4.6,
polytetramethyleneadipamide, the semi-aromatic
(co)polyamides containing units derived from at least
25 one aromatic dicarboxylic acid, for instance tere- or
isophtalic acid or naphthalene dicarboxylic acid, and
an aliphatic or cycloaliphatic diamine and optionally
an aliphatic dicarboxylic acid and an aliphatic or
cycloaliphatic diamine and polyamides with units
30 derived from an aliphatic diamine and a cyclocaliphatic
dicarboxylic acid.

Examples of such semi-aromatic copolyanides
are polyamide 6.7, 6.6/6.1/6.7, 6/6.7, 6.6./6.7T,
6.1/6.T/2MP.T or 6/6.6/6.T, in which T = terephthalic

35 acid, I = isophthalic acid and 2 MP.T = 2-
methylpentamethylene terephthalic diamide. Such semi-
aromatic {(co)polyamides are commercially available



35 tenperature of, for instance, nore than 300[er]rC preference is

generally given to pol ybronostyrene havi ng a hi gh nol ecul ar wei ght; at
| ower processing WO 97/ 31063
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nmol ecul ar wei ght pol ybronostyrene is preferably chosen.

The thernmal stabilizer used is preferably a conpound fromthe group of
sterically hindered phenol 5 conpounds, for instance
1,3,5-trinethyl-2,4,6-tris(3,5- di - 6- but yl - 4- hydr oxybenzyl ) benzene and
N - hexandééhwWanipud rade damebut yl - 4- hydr oxyci nnam de) avai l abl e

under the trade name iﬂega.'}%nl:qgg i&%&ﬂﬁuertherf 'eﬁ%@t‘lapeg\%;ﬁi gy. 10

In general the co 03|t|on accor nvent 1 on be within
the fol | owi RGRPS % the f°1&°*"m§oe§ ¥s# ansbispmRRdetive o 1-40% ( wt)
pol ybr onost gxperinents arivhetitne however, beimg drimidlednoheréban 61% (wt) 15
C) 0-40% (wt) flane retardancy inproving conpound d) 0-50% (wt)

gl ass fibre_reinforcenent e) 0-50% (W) other additives (a + b +
c +d + e) g The |nvent|on |s very effective for a 20
conposi t i onExamphes I wad basa i ve 2T 1ng )
about 280 [@rr]C Exanples of such hlgh neltlng polyan1des are the

al i phatic pol yani de 4. Xtetra th Ieneadlpan1de t he, sem -aromatic
The composxt ons o le were prepared in

10 a Werner and Pfleiderer ZSK-25 twin-screw extruder. The
set values of the extruder were: 370 rpm, cylinder
temperature 300°C, throughput 24 kg/h, melt temperature
335 °C.

The various components were premixed in a

15 tumble dryer and supplied via a hopper to the extruder.
Glass fibre was side fed to the melt in the case of
polyamide 4.6. The extrusion was carried out in a
nitrogen atmosphere. The materials had been pre—dried
at 105°C,

20 Of the dried compositions obtained, test
bars, ISO 3167 A, thickness 4 mm for the mechanical
testing and 0.8 mm for determining the flame retardancy
according to UL-94, were injection moulded using a
Battenfeld BA 350 injection moulding machine. Injection

25 nmoulding conditions: melt temperature 315°C, mould
temperature 120 °C.

The flow length in a flat spiral having a
diameter of 10.3 x 1.6 mm was determined using an
ARBURG CMD 370 injection moulding machine with an

30 injection pressure set at 800 bar (melt temperature
315°C, mould temperature 120°C).

In table I the compositions are given, in
which the polyamide 4.6 and the semi-~aromatic polyamide
just complied with the requirements of the V-0

35 classification according to UL-94.



(co) pol yam des containing units derived fromat |east 25 one aromatic

di carboxylic acid, for instance tere- or | sophtalic acid or naphthal ene
di carboxylic acid, and an aliphatic or cycloaliphatic diam ne and
optionally woewmedsi phatic dicarboxylic acid and an al i phap€CTNDF700075

cycl oali phatic diam ne and polyam des with units 30 derived from an

al i phatic diam ne and a cycl oal i phat izc- di car boxylic acid.
Exanpl es of such sem -aromatic copol yam des are polyam de 6. T,
6.6/6.1/6.T, 6/6.T, 6.6./6.T, 6.1/6. T/2MP. T or 6/6.6/6.T, in which T =
terephthalic 35 acid, | = isophthalic acid and 2 MP.T  2-
met hyl pent anet hyl =E?FFE=GF€ anomat i ¢
(co) pol yam des ar connerciﬁlly Pvail 31063
PCT/-NL97/ 00075 L nder vari ous
trade nanes. 3 9 |2 | The I nven ci dated by
means of the fol | pRiing £xapl €s and c nts wthout,
however, being |ijftedFHeteta—t5 4 | and Il and
conparative experfngnts A B and itions of table
| were prepared ipg1l0 a Wetner @and P crew extruder
The set val uelof thd _extrluder wef
’ ng [«4
oy N “
8| g 3*
o
@
-~
Q. (=4 [Ts) N
i ORR B 2 18
% lem D | - (=] - -qu:g
(202 [=] o | L= [YE ) -t
=
.
o]
=3
- * HN Q n -
gn e ~ 3 >4 PR b
3 S |on o |- - « R g AR e -
0 L2 g ta2 3 (=) N [ o lov et Joy je
¢ e
o.
>
[<3]
s D [=4 n wn
gen EBRE 2 Pl @IS
QG e o |- |o . B L O M
”QQ M O e ~ O Ivt et loyd jeet
rad R re R ¥R rpd Lal Lo
ey P FEO FEN iy o o - S <
= 2 i3 1x 1= = X 3 = e IF
§
&
o
.4 :
Q
- L]
~ @
% - 2 33 -
e F o 3 Elc o
:ﬁ - @ @ ol as a0 1S
z NP R L )
o Q 7 | b 3t N O (= S
ﬁpn. aojmhxh-&.\m T o
[*] on PR P B B PO - B B B
cmovnum:gwooa:
O s.-cwo:cg ~ tesi Jed | |O
< © |a P IE o e [ 3 L od
TofoislglEeeelEelElalelzla
sgmswa nAgcumﬂwg
ZelelRl8iIXE Y (Z |8 21215121513
O S« prt | |5 JO &% 1O A S = | |~ |O
celglr iR s 8515 512181819 |2 |
2] o i o
~ i o~



tenperature 300[err] C, throughput 24 kg/h, nelt tenperature 335 [err]C.
The various conponents were prenixed in a 15 tunble dryer and supplied via
a hopper to the extruder. G ass fibre was side fed to the nelt in the
case of wooness de 4. 6. The extrusion was carried out ipprre7geefs {7 00EN
at nosphere. The materials had been pre-dried at 105[err]C 20

O the dried conpositions obtained, -t gst bars, 1SO 3167 A, thickness 4
nm for the nechani cal testing and 0.8 mm for deternining the flane

ret ar dancy according to UL-94, were injection noul ded using a

Bat t enf el d BA 350 injsamnmnxsonbdbngsmnommzetlﬂaraahhen 25 moul ding

condi tions: It te iU 1 ] epgperature 120 [err] C
The fIOM/Ié%gth in a Iat hﬁP? ?Lﬁgélé%°£nbu(¥9?t tgg BRI80.3 x 1.6 nm was
det er ni ned using an 'ARBERGFCRE?BF¥F4?QeﬁﬂﬂQdﬁamédBdwmghnmnhtme with an -
30 injection pressumESsatoat28ﬁ6tb@1péﬁﬂﬂﬁeﬂh§&&§batHES— 315[err]C,
nmoul d tgnperature 12 LR ); table | the conpositions
are given, %&% 11@k§a 1%%1%&9¢P?¥ &h?%g §eni - aromati c pol yam de

j ust conplled with tﬁ@rF@&GP ARBLABIRE the V-0 35 classification according

to UL-94. 3) WOP¥#bdheGR 68 PB® Ferro, USA; brominated
PCT/ NL97/ 00075 polystyrene, Br-content 68 wt.% o
4) PDBS B80® of Great Lakes; polymerised
10 bromostyrene, Br-content 58 wt.%
5} Br-content 63 wt.%, Mw = 38.000, rest
monomercontent < 0,8 wt.%
6) IS0-527 (5 mm/min.)

15 Mold staining has been determined visually by
controlling the mould used for injection moulding the
ISO 3167 A test specimen necessary for the tensile
tests after 50 shots.
The mould showed significant staining in comparative
20 experiment A. In the Examples I and II staining could
hardly or mot be observed
It should be further noted that the
compositions based on polyamide 4.6 show a much better
elongation at break than the composition with the semi-
25 aromatic polyamides.
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from Du Pont de USA a heat stabilized copol yam de
wWith units 09713 based on 2- et hyl pent anet hyl ene tENL7/00075

pht al i cdi am E'e ané ﬁexarret hyl ene- terephtal i cdi am ne 3)
Pyrocheck 68 PB[err] Ferro, USA, bron+nated pol ystyrene,
Br-content 68 wt. % 4) PDBS 80[err] of G eat Lakes; polynerised
10 bronostyrene, Br-content 58 w.% 5) Br-content 63
wt.% Mv = 38.000, rest C L anpnorercontent < 0,8 w. % 6)

| SO 527 (5 nmM mn.) 15 Mol d staining has been determ ned visually by
controlling the moul d used for injection nmoul ding the | SO 3167 A test

speci men necélssar Fipgie resardant| polyamidescomppsatign SpREAINING The noul d
showed significanta.St aiaki N@ak® 6AEPEORdmiie?0 experinment A I n the Exanples

| and |1 gtalnlng coul olﬁmeQ?%ggybfgmégﬁygg; gobserved I t

shoul d be "further not sitions_based on polyam de 4.6
show a nuch better® afacél%ﬁé&fil &R Bhaltha podamer hzed oRERRIREIFHPRMA th t he
sem - 25 aronati c ia@l wamrdmine content of more than 61% (wt).

2. Flame retardant polyamide composition according to
claim 1, characterized in that the bromine content

10 of the polymerized bromostyrene is at least 62%
{(wt).

3. Flame retardant polyamide composition according to
claim 2, characterized in that the bromine content
of the polymerized bromostyrene is at least 63%

15 {wt).

4. Flame retardant polyamide composition according to
claim 1, characterized in that the weight average
molecular weight of the polymerised bromostyrene
is between 10,000 and 250,000.

20 5. Flame retardant polvamide composition according to
any one of the preceding claims, characterized in
that the composition also contains a compound
strengthening the flame retarding action.

6. Flame retardant polyamide composition according to

25 any one of the preceding claims, characterized in
that the composition also contains glass fibre
reinforcement.

T Flame retardant polyamide composition according to
any one of the preceding claims, characterized in
30 that the polyamide has a melting point higher than
280°C.
8. Flame retardant polyamide composition containing:
a) 20-99% (wt) polyamide
b) 1-40% (wt) polymerized bromostyrene having a
35 bromine content higher than 61% (wt)
c) 0-40% (wt) of a compound strengthening the
flame retarding action
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b. pol ymagbaasheks Onost yrene characterized in t?,@t‘ s
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The invention relates to a flame retardant polyamide composition based on a bromine~containing styrene polymer in which the
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a superior corrosion behaviour and has a thoughness better than the compositions according to the state of the art,




