High~density thermoplastic moulding composition.

' The present invention relates, in a general
manner, to moulding compositions based on highly £illed,
dense, thermoplastic materials which have properties
similar to ceramica, and in particular to such
compositions consisting essentially of ABS polymerizate
resins, styrene polymers and atyrene/acrylonitzrile (SAN)
copolymers.

These  vexy dense thcmcplastic moulding
compositions arxe employed in applicatioms which are
generally resexvad for ceramics or for £illed
thermosetting compositions. These dense, thermoplastic
:n_ould.tng compositions are particularly advn.ntageoﬁ.s
because of their relative ease of manufactura.

~ 8uch dense, thermoplastic moulding compositions
compr;i.sing high quantities o©f inorganic filler and
capabie of being moulded into articles which have
properties similar to ceramies are
particular in patent EP 0 423 510.

Howevar,

described in

when the main polynez- components of
these dense thcmplas!::l.c moulding compositions include
chiefly ABS resins, styrene polymers, SAN copolymers or
their mixtures, the objects moulded £rom these
compositions exhibit surface imperfections making the
moulded object unattractive.

More particularly, objects moulded from these
compogitions exhibit surface marbling, this defect
becoming more pronounced with the inecrease in the
proportion of fillér in the composition. It is probable
that this defect would ba atill more accentuated when the
comporitions employed conmprise dyes and/or pigments to
obtain coloured moulded obj ects. _

| The obhjective of the invantion is therefore to
provide dennse thermoplastic moulding compositions
including essentially - uj polymer componants ABS
polymerizate resins, Btyrene polymers, styrene/
acrylonitrile copolymers and their mixtures, making it
posaible to obtain moulded objects which have an improved
surface appearance and in particular not exhibitirng any



surface marbling.

- According to the invention a thexmoplastic
moulding composition is produced incliuding, in parts by
weight:

| a) 0 to 60 parts of one or more ABS polymerizate
resins,

b) 100 to 40 parts of a polymer component chosen
from s8tyrene polymers, styrene/acrylonitrile (SAXN)
copolymers and their mixtures and, per 100 parts by
waight of (a) and (b),

c) 10 to 500 parts of an inorganic filler chosen
£from zinc oxide, barium sulphate, zirconium oxide,
zirconium silicate and their mixtures;

characterized in that the polymer component (b)
.includan:

i) 0 to 90 % by weight of styrene palyniers and/ox -
styrene/acrylonitrile copolymers which have a limiting
viscosity number higher than 0.60, and

ii) 100 to 10 % by weight of sastyrene polymers
and/or styrene/acrylonitrile copolymers which have a
limiting viscosity number lower than or equal to 0.60.

'In the case of the component a) of the
compositions accoxding to the invention it is possaible to
employ any ABS polymerizate resins and in particular ABS

polymerizate resins chtaiﬁcd by emulsion or bulk
polymerization.

The ARBS peiyuerizataa which can be used in the
present invention are well.known in the arxrt and it is
also ‘possible to employ ABS polymerizates or mixtures of
these ABS polymerizates with nitrile-butadiene, styrene-
butadiene and sty:cae-hutadiene-s:yzcn'e elastomers.

Within the scope of the present inveantion the ABS
polymerizates include acrylonitrile-butadiene-styrene
(ABS) polymerizates, as wsll as acrylonitrile-styrene-
butyl acrylate (ASA) polymerizates ant¢ acrylonitrile-
EPDM-styrene (AES) polymerizates.

The ABS polymerizates which can be used in the
present invention and msthods .of their preparation are
well known in the art and are described, inter alia, in
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EP-A-0 248 308, DE-A-2 259 565 and US-A-3 130 177.
ABS polymerizates are polymerizates in which

there are polymerized by grafting onto a rubber either a

styrene and methyl nmethacrylate monomer or a monomer

mixture of 95-50 % by weight of gstyrene, a-methylstyrene
and methyl methacrylate or their mixtures and 5-50 % by

weight o©f acrylonitrile, methyl mathacrylate, naleic
anhydride, N-gubatituted malaimides or their mixtures.

The zxubbers which can be used are in particular

polybutadiene, butadiene/styrene copolymerizates with up
to 30 % by weight of polymerized styrene, butadiene and
acrylonitrile copolymerizates with 20 % by weight of
- acrylonitrile or butadiene copolymerizates with up to
20 % by weight of a lower alkyl ester of -at:z-jrlic or
methacrylic acid (for example methyl acrylate, ethyl
acrylate, methyl methacrylate and ethyl nethaciylate) .
ABS graft 'polyme:i.zat:es contain 5 to 80 % by
weight, better 20 to 70 % by weight, of rubbesr and 95 to
20 % by weight, better from 80 to 30 % by waight,

of
grafted polymerized polymers.

Particulazly racommended are the ABS
polymerizates obtained by polymerization by grafting
- polybutadiene with styrene and acrylonitrile moncmers.

More  particularly, 4in these recommanded ABS
polymerizates the sum of the styrene plus acrylonitrile
monomers introduced during the grafting of the
'pelyhutadiene iz between 30 and 70 % by weight with a
styrene/acrylonitrile ratio which can vary frem $/1 to
3/2, combined with 70 to 30 % by weight of polybutadiene.

When the ABS ﬁolyne:izate resin is in powder
it preferably contains 20 to 70 % by waight of
butadiena. When the ABE polymerizate resin is in
granulate form it preferably contains 4 to 40 %, better
8til) 4 to 30 % by weight, of butadiene.

The quantity of xresin or of mnixture ef ABS
polymerizate resins of the component (a) generally
represents from 0 to 60 parts by weight, . praﬁe:a.hly 10 to

40 parts by weight, per 100 parts by v-ight of polymer
components (a) and (b).

form,
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The polymer componeat (b) of the compositions

according to the Jinvention is chosen £rom

pelymers, styrane/acrylonitrile (SAN)
their mixtures. :

styrene
copolymers and

The styrene polymars which can be used in the
present invention include homopolyatyrenes such as
homopolystyrene itself, homopoly(alkylstyrenes), such as
poly (a-methylastyrene) and hcmopoly(halostyrenes) such as
poly-a-chloroatyrsne and poly-c-bromostyrene. -

The styrene polymers which can be used in the
compositions of the invention further include styrene
copolymers in which a proportion of the styrene units is .
replaced by other styrene-based moncmer units such as o-
methylstyrene, halogenated styrenes or vinyltoluene.

The SAN copolymers of the present invention and
processes for their preparation are well known in the art
and are described, inter alia, in patent EP-A-Q0 248 308.

The SAN copolymers which can be used in the
present invention are copolymerizates of 95 to 40 parts
by weight of styrene, a-methylstyrena, methyl
methacrylate or their mixtures and of 5 to 60 ﬁazta by
weight of acrylonitrile, methacrylonitrile, methyl
methacrylate and their mixtures. More particularly
recommended are the styreme/acrylonitrile copolymers
which- have a ratio of the styrene units to the
acrylonitrile units of 85/15 to 40/60 and preferably of
80/20 to 60/40 and a weight-average molecular mass,
deternined by gel pgmeation chromatography, of between
10 000 and 200 000, better still batween 40 000 and
170 000. | o '

The SAN copolymers which can be used in the
present invention pretarablf contain 15 to 45 % by
weight, better still 25 to 35 % by weight, of
acrylonitrile units relative to the total weight of the
copolymer. _ _

As indicated above, the guantity of the polymer
component (b) in the compositions of the invention
represents 100 to 40 parts by waight, preferably S0 to 60
parts by weight, per 100 parts by weight of components



(a) and (b).

According to the invention this Polymer component
{b) consists either solely of atyrene polymers and/or of
SAN copolymers which have a limiting viscosity number
lower than or equal to 0.60 or of a mixture of styrene
polymers and/or SAN copolymers which have a limiting
viscosity anumber lower than or equal to 0.60 with up to
90 % by weight of styrene polymers and/cr SAN copolymers
which have a limiting viscoasity number higher than 0.60.

The polymer camponent (b) preferably contains 50
to 100 % by weight of styrene polymers and/or of SAN
copolymera which have a limiting viscosity number lower
than or equal to 0.60 and 0 to 50 % by weight of styrene
Polymers and/or SAN copolymers which have a lmit:.ng
viscosity number higher than 0.60.

‘Preferably too, the limiting viscosity number of
the styrene polymers and/or SAN copolymers which have a
limiting viscosity number lower than or equal to 0.60 is
between 0.20 and 0.55, better still between 0.35 and
~0.50. . .

A8 is well known, the limiting viscosity number
(or intrinsic wviscosity) is the limiting wvalue of the
viscosity number at infinite dilution. It is generally
estimated by determining the visecosity number at several
low ‘concentrations and by extrapolating the wvalues to
¢ = 0. The solvent employed in the present invention for
determining the limiting viscosity number is dimethyl-
formamide and the _:;lea.suren,enta are made at 30° + 0.2°C
with an Ubbelohde viacenete: model SO A.

The polymars and copolymera which are recommended
£cr the polymer component (b) are homopolystyrenes and
SAN cepolynern. It is pa:t:iculaz-ly recomended to employ
SAN copolymers.

The composmitions according to the invention alaso
contain, per -100 parts by weight of polymer components
() and (b), 10 to 500, preferably 50 to 300, parts by
weight of an inorganic filler chosen from zinc oxide,

barium sulphate, zirconium oxide, zirconium gilicate and
their mixtures.



The zinc oxide may be in the form of zincite or
white zinc oxide produced synthetically by the indirect
French process employing metallic zine or zinc metal
residues, or by the American process employing zine
residues, or by a wet-route chemical procesa. It is
recommended to employ a finely divided form which has a
mean particle diameter of between 0.05 and 50 um,
preferably 0.1 to 5 um and better still of approximately
1.5 um. |

The barium sulphate may be in the form of
naturally occurring barytes or in the form of barium
sulphate obtained synthetically by employing well-known
synthesis techn:.tque-. The particle sizZe may vary f£rom 0
to 50 pm, preferably from 1 to 15 um and, better still,
is approxinmately 8 um. ' '

The zircomium oxide occurs naturally in the form
of b'addeleyite or can be prepared by employing well-known
procedures. Particles between 0.1 and §0 um in gize may
be employed. The zZirconium silicates may be employed in
the form of zircon or in the form of materials cbtained
synthetically which hkave a particle size €from 0.7 te
50 um. |

In most applications the zinc oxides, barium

sulphate, zirconium oxide, zirconium silicates or their

mixtures may be employed alone. All these materials or
mixtures thereof may be amployed in combination. In

addition, instead of one of these materials or of a

combination thereof, it is posaible to amploy up to 50 %
by weight of the total filler contentg, and better still
up to 15 % by weight, of an inorganic £iller such ia
alumina, amorphous silica, anhydrous aluminium silicate,
barium ferrite, calcium carbonate, mica, felspar, clays
such as kaolin, talc, magnesium oxide, magnesium
gilicate, nephelina, syenite, phenolic resins, glass

microspheres, wollaston te, titanium dioxide,
quartz and the like.

ground

The recoxmendad inorganic filler 4is barium
sulphate.

The compositions according to the invention may
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alsc include other conventional

adjuvants such as
antioxidants,

internal lubricants, dispersants and mould
release agents, anti-UV agents, antistatic agents, dyes,

pigments and flame retardants, coupling agente such as

aminosilanes, impact streangth modifieras and extending or
‘reinforeing £illers such as glass fibres.

Among the antioxidants there may be mentioned
phosphites, sterically hindered phencols, secondary amines
and the like, which may be added in a quantity which is
effective for retarding oxidative degradation.

' Among the lubricants that may be employed in the
compositions of the presant invention there may be
mentioned, by way of example, magnesium stearate, zinc

stearate, polyethylene wax, paraffin wax, ethyle'ne. and

propylene oxide wax, butyl stearate, glycerol

monostearate, barium stearate, sodium stearate, stearyl
alcohol and octyl behenate.

Pentaexrythritol tetrastearate may ba employed as
dispersing agent. This compound also acts as an exteranal
lubricant or demoulding agent.

The comécuitians according to the invention may
also comprise flame-retardant agents in an effective
quantity, such as, £or example, tetrabromo bisphenol,
bistribromophenoxyethane, polybromodiphenyl ether.,
polybromophenol, polybromophenyl alkyl
polybromobenzyl acrylate orxr

' ethers,
polyacrylate,
polybromocyclodecane, polybramostyrene, polybromo-
phenylmaleimide, brominated epoxy monomers OTr epoxy
polymers and copolycarbonates derived from a halodiphenol
subgtituted with a diphenol, the halogen being preferably
chlorine or bromine.
- Also preferably, the halogenated organic flame
retardant is employed in combination with a synergistic
compound such as an antimony compound, for example
antimony oxide. : .
The compositions of the present invention may
alse contain dyes and pigments such as, for example,

titanium oxide, ultramarine blue, carbon black and the
like.
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. The compositions according to the invention may
further contain antistatic agents, for example solid
antistatic agents such as those described in Prench
Patent Application FR-95 12 298.

Some of the compositions according to the
invention are e::t::mely dense and will have a relative
density higher than 2.0, depending on the proportiocn of
filler which is incorporated.

The following examples, and the attached figures,
serve to illustrate the recommended embodiments of the
invention. '

In the examples all the percentages and parts are
expressed by weight unlesas indicated otherwise.

Camparative Example A and Examples 1 to 4
The compositions shown in Table 1 below were

prepared conventionally by mixing by means of a twin-
screw machine. '

TABLE 1
Exaxple No.
Camparative A b 2 3 4

Graft ABS 30.2 30.2 30.2 36.2 30.2

polymerizate ? :

San 1 - 3!_.9 34.9 - -

SAN 2 - - 34.9 - - -

sSAN 3. - - 34.9 68.8 -
 SAN 4 . 69.8 - - - -

BAN S ' - - - - €9.8

Bag0, : 132.5 132.5 1i2.s 13a2.8 132.5

tubricant? 4.2 4.2 4.2 4.2 4.2

1 Grafted ABS polymerizate containing, by weight,

12 % of acrylonitrile, 50 % of butadiene and 38 %
of styrene.
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Lubricant which bhas the compoaition: 38.9 %
mixture of silicone fluids, 55.55 % of ethylene-
hiaataaramiﬂe wax and 5.55 % MgoO.

The SAN copolymers given references SAN 1 to §

which were employed had the following properties
indicated in Table 2. :

TABLE 2

Styrenes/AN Limiting Weight-aver- Number-
ratio vigscosity age molecular avarage
aumber mass nolacular
Mm10°3 mass
¥,x10"?
saw 1 66/34 0.57 102 so
SAN 2 75/25 0.48 8o 4%
8AN 3 72/28 0.3s €6.5 is
SaN 4 72728 " 0.66 140 -
AN S 7a/23 0.58 105 -

The compositions of Comparative Example A and of
Examples 1 and 2 were moulded by using an Arxrburg
injection press, with a 60 x 75 mm small plagque, at a

melt tamperature of 260°C and a mould temperature of
so*c. -

' Micrographs of a part of the surface of the small
moulded plagues were produced by means of a scanning
electron microscope, in backscattering mode, with various
magnifications. '

Pigures la and 1b are electron microscope
micrographs of an cbject moulded f£rom the comparative
composition A at magnifications of 100 and 1010
respectively.

FPigures 2a and 2b are electron microscope
micrographs, at magnifications of . 103 and_ 1020
respactively, of a part of the surface of an object
moulded £f£rom the composition of Example 1, and Figures
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3a, 3b and 3¢ are electron microscope miecrographs, at
magnifications of 100, 1010 and 1020, of a part of the
surface of an object moulded from the composition of
Exaxple 2. ' '

A simple visual comparison of these electron
microscopa micrographs clearly shows that the objects
moulded from the compositions of Examples 1 and 2 have a
much more homogensous gurface appearance than the gsurface
of the object moulded from the comparative composition A.
Even though the ocbject moulded £rom the compoaition of
Example 1 has a few surface defects, these are clearly
less numerous and the homogeneity of the structure is
clearly improved in relation to the cbject moulded from
the composition of Comparative Example A. The object
moulded £from the composition of Example 2 has a
particularly good surface appearance with practically no
.defects, even at a magnification of 1020.

The melt index at 220°c'u_nder a 2.16 kg load, the
Izod impact  strength on an unnotched test piece at
ambient temperature and the density of the compositions
of Comparative Example A and of. Examples 2 to 4 were
measured. The asurface a.ppia:ance of the samall plagues
obtained by moulding these compopitiocons was also
detezrmined visually.

The results are given in Table 3 below.
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TABLE 3
Exanple No.
Camparative A 2 3 4
Heit index 9.2 2¢.4¢ s 18.3
220°C/2.16 kg (g/10 min) '
Izod impact streagth 17.1 20.5 10.5 20.3
unnotched test pilece
1V. TA (x3/m?)
Relative density 1.82 1;.85 1.84 1.83
Surface appearsnce . 000 - e 0
000 very bad
00 bad
€ average
+ good

++ very good
+++ excellent

The resultsa in Table 3 show that the compositions
according to the invention have a melt index which is
clearly higher than the composgitions of the comparative
examples. The surface appearance of the small plaques
moulded from the ceampositions according to the inventien
is incomparably superior to that of the small plagues of
the comparative example. In addition, the other desirable
properties a;:e not appreciably detericrated. Even though
the Izod impact stremgth is decreasmed in the case of the
composition of Example 3, this decrease remains tolerable

in relation to the improvement obtained in the surface
appearances.

Examples 5 to B _
Mixtures which have the compositions shown in
Table 4 below were produced by extrusion by means of a
twin-screw machine. In these mixtures the SAN copolymers

employed wers the same a: those employed in the preceding
examples.
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TABLE 4

Example No.

5 & 7 8
Graft ABS 30 30 30 30
polymerizate 2

SAN 1 50 3s 50 3s
SAN 2 20 a5 - -
SAN 2 - - 20 35
BasO, 127.5  127.5 127.5 127.5
Lubricant a.1 4.1 4.1 4.1

Graft ABS polymerizate containing, by welght,
12 % of acrylonitrile, 50 % of butadiene and 38 %
of styrene.

Lubricant which has the composition: 328.% %
mixture of silicone £luids, 55.55 % of ethylene-
‘bigsstearamide wax and 5.55 % MgO.

The compositiocne of Examples 5 to 8 wers moulded
in the form of small discs with the aid of a Kraus Maffei
90 injection moulding press with 100-mm discs and the
following moulding conditions::

- stock temperature displayed 260°C;

- mould temperature displayed 80°C.

The melt index at 265°C under a2 2.16 kg load, the
Izod impact gtrength on an unnotched test piece at
ambient temperature, the flexural modulus and the density.
of the moulded pzroducts were measured. The surface
appearance of the moulded discs was also determined
visually. The results are shown in Table 5 below.



TABLE S
Example NMo.
5 '] 7 8

Malt index 17.3 21 23.9 s
265°C/2.16 kg (g/10 min) '
Izod impact ztrength 17.8 18.2 18.5 14.1
unnotched teaat piesce o,
V. TA (kJ3/=%)
Flaxural modulus (GFa) 3.26 3.42 3.50 3.47
Relativa density - 1.7¢6 - 1.77
Surface appsazance : o + * +i+

0 aversge

+ good

+4+ very good

The results in Table 5 show that the compositions
according to the invention have a melt index which is
clearly higher than the comparative composition A and a
surface appearance which is clearly inproved in relatien
to the cbjects moulded from the comparative composition
A. Furthermore, it is alsc noted that the other desirable
properties of the compositions according to the invention
have not deteriorated.

In the above examples all the quantitiea of the
components are expresaed in parts by weight. In the case
of the ccxponents other than the polymer components the
quantities are referred to 100 parts by weight of polymerx
components. ' _

Furthermozre, in the preceding examples the barium
sulphate employed was a commercial barium sulphate =mold

under the name "Portaryte Bl5* by Ankerpoort BV and which
had the following characteristics:

- chemical analysis Bag8O, 97 % (XRF)
- particle size analysis < 13 um 97 % (laser
S scattering)

- density 4.4 g/em®.
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FPinally, the weight- and number-average molecular
masses of the styrene/acrylonitrile copolymers of the

above examples were determined by gel

permeation
chromatoegraphy.

The present invention therefore provides dense,
. thermoplastic moulding compositions making it possible to

obtain moulded ocbjects which have an improved surface
appearance while retaining the other dasirable properties

such as the Ized impact st:gength and the

£flexural
modulus.
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CLAIMS

1. Thermoplasatic mouldiag :ompoaition including, in
parts by weight:

a) 0 to 60 parts of one or more ABS polymerizate
resins,

b) 100 to 40 parts of a polymer component chosen
from styrene . polynmers, styrenea/acrylonitrile {SAN)
copolymers and their mixtures, and, per 100 parts .by
weight of (a) and (b),

¢) 10 to 500 parts of an inorganic filler chosen
from 2zinc oxide, barium sulphate, zirconium oxide,
zirconium silicate and their mixturea,

characterized in that the polyna: cenponont {b)
includes:

i) o to 50 % by weight of styrene polyne:a and/or
styrene/acrylonitrile copolymers which have a limiting
viscogity number higher than 0.60, and '

ii) 100 to 10 % by weight of =styrene polymers
and/or styrene/acrylonitrile copolymers which have a
limiting viscosity numbaer lower than or equal to 0.60.
2. Camposition accoxding to Claim 1, characterized
in that the component b(i) represents 0 to 50 % by weight
and the component b(ii) 50 to 100 % by weight of the
conponcnt (b).
3. . Composition according to Claim 1 or 2,
characterized in that the component b(ii) has a limiting
vigcosity number of between 0.20 and 0.S5S. '
4, Composition aecording to either o:E Claims 1 and
2, characterized in that the conponent b(il) has =a
-limiting v:l.scosi.ty number between 0.35 and 0.50.
5. Composition acco:ding to any one of the preceding
claims, characterized in that the quantity of ABS
polymerizate resin (a) is between 10 and 40 parts by
waight.
§. Composition according to any one of the preceding
claims, characterized in that the quantity of inorganic
filler (c) is between 40 and 300 parts by weight per 100
parts of (a) and (b).

7. Composition according to any one of the preceding
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-clainé. characterized in that the gtyrene polymers of the

component .. (b) are chosen from homopolystyrene,
homopoly(alkylstyrenes), homopoly(halostyrenes) and
styrene copolymers in which a proportion of the styrene

monomer units is replaced by other styrene-based monomer
units.

B. Composition according to any one of the preceding

claims, characterized in that the cmeneﬁt {a) is chosen
from ABS polymerizate reaine  obtained by Dbulk
polymerization or emulsion polymerization.

9. Composition according to Claim 8, characterized
in that the component (a) is a graft ABS polymerizate
resin. _

lo0. Composition according to Claim 9, characterized

in that the graft ABS pelyna::‘.z'ate resin 1is a gratt
aeiylonit:ile-hutadiane-atyrena polymerizate resin, a
. graft butylacrylate-styrene-acrylonitrile polymerizate
resin, a graft acrylonitrile-!?bl(-atyrene polymerizate
resin or a mixture of these ressins. .

11. Composition according to any one of Claims 1 to
9, characterized in that the ABS polymerizate resin is an
aczyloﬁ.it:'ile-butadiene-_sty:ana polyné:izate resin
containing frem 20 to 70 % by weight of butadiene
relative to the total weight of ABS polymerizate resin.
12. Composition according to any one of the preceding
claims, characterized in that it additionally includes
one or more ingradients chosen from antioxidants,
internal or external lubricants, flame retardants, dyes
and pigments, anci-OV agents, antistatic agenta, coupling
aéents. impact at:-ength nodigiers and reinforcing and
extending f£illers.

13. Composition according to any one of the preceding

élaima. characterized in that the component (e) is barium
sulphate.

14. Composition according to any one of Claims 1 to
€., characterized in that the polymer component (b)

consists sclely of SAN copolymers and tha £iller is
barium sulphate.



