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PROCESS FOR CONTINUOUSLY PREPARING RUBBER

MCDIFIED STYRENE RESINS AND PRODUCTS THEREO:.

The present invention relates to a process and
products therefrom for preparing rubber modified.styrene rzsins. More
specifically, it relates to a process for preparing
rubber mod;fied styrene resins which can provide molded
articles havipng excellent impact resistance and high

surface gloss.

Rubber modified styrene resins has been
manufactured by an emulsion polymerization method, a
continuous mass poiymerization method or é solution
polymerization method. The rubber.mOd;fied styrene
resins prepared by the emulsion pélymeriZation is excel-
lent in a balance between an‘impact resistancg and a
surface gloss, but since this kind of modified‘styréne
resins contains large amounts of impurities such eas ah
emulsifying agent and a ¢ispe}sant, its hue is bad and
its manufacturing cost is high. In addition, at the
time of the manufacture, a large amount of waste water

is discharged, which has a bad' influence on environzental

circumstances and increases the cos: of waste dzsoosal On the other

r'-

hand, with regard to rubber mod1f1ed styrqpe res1ms‘%bt§}n

& =
continuous mass polymerlzatlon method or the soiufuﬁf

ne
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polymerization method, there are advantages such as less
impurities, a low manufacturing cost and no waste water,
buﬁ the impact resistance and/or the
surface gloés is/are insufficient.

As techniques for iﬁproving the balance between
the physical properties of the rubber modified styrene
resins obtained by the continuous mass polymerization

- method or the solution polymerxzat;on method, for exam-
ple, the_followxng methods are known.

Japanese Patent Publication No. 7343/1974 (which
corresponds to U.S. Patent No. 3,658,946) discloses a
method in which prepolymerization is carried out in a
first polymerization reactor in a condition where a
rubbery polymer does not invert to a dispersed phase,
and polymerization is then done in a second
polymerization reactor to invert the rubbery polymer to
the dispersed phase (a prepolymerization method).
However, in the rubber modified styrene resins obtained
by this method, the diameter of rubber particles which
can be controlled even by a conventional technique is
large, and when an acrylonitrile is added to the poly-

nerization system, the diameter of the rubber particles

“+ further increases,_so that the physical properties of
*the resin deteriorate. The reasons why the physical
_Tb;Operties deteriorate are that the smaller the diameter
f-the rubber particles iéirfhé higher the%;uffaéé dlqs%

70f-the styrene resin is, and that the impact resistanca
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appears specifically in a suitable particle diameter
range peculiar to a certain resin.

As a method capable of solving suvch a problem,
Japanese Patént Laid-open No. 118315/1988 has suggested
that conversion in each of a prepolymerization reactor
and a phase inversion reactor is controllad so that
ratios of solid contents in a polymerization solution in
these reactors may be-close to each other.  However,
this method comprises complex steps, and so operativity
as a practical plant is poor. Moreover, when
copolymerization with the acrylonitrile is carried out,
the diameter of the rubber particles cannat be
sufficiently controlled, and .the large rudber particles
are formed, so that the physical propertiss deteriorate.

Japanese Patent Application Laid-spen No. 7708/1991
(which corresponds to U.S. Patent No. 5,244,977)
discloses a method in which a high wviscous rubbery
polymer having a viscosity of 400 to 2000 cP in a 5 wt%
styrené solution at 25°C is used under ths control of
solid contents in a polymeric solution in a
prepolymerization reactor and a phase invarsion reactor.
In this method, the rubbery polymer is sczrcely
dissolved in monomefs at the time of the preparation of
a polymeric material, and an operative prnbleﬁ such as
the difficult stirring of the polymeric solution is
present owing to the high viscosity of ths

polymerization system. Furthermore, since extremslsw
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large rubber particles are formed, the improvement of
the physical properties cannot be expected.

In ﬁP Unexamined Publication No. 477764, another
method has béen suggested in which a polymerization
temperature till phase inversion is maintained at 90°C
or less by the use of a plug-flow type pclymerization
reactor, and'polymerization is then carried.out in the
presence of polybutadiene by the use of a2n organic
peroxide having a high graft activity, i.e., a half-life
period of 20 minutes or less at 90°C to rrepare a resin
having a rubber particle diameter of 0.5 um or less and
a high graft ratio. However, in this method, the plug-
flow type polymerization reactor is used in a phase
inversion step, and thus it is impossible to strictly
control the rubber particle diameter, so that giant
rubber particles are partially formed and the surface
gloss is not sufficiently improved.

In the conventional techniques described above, the
multi-reactor polymerization methods using two or
more reactors are employed, and in the.first reactor, the
polymerization is carried out in the condition where the
rubbery polymer does not invert to the dispersed phase.
Next, in the second feactor, the rubbery polymer is
inverted to the dispersed phase. However, in the second

and later reactors, a process of adding the polymeric

material to the polymerization system has not be
ThlS Sheet Has Been Re
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The present inventors have intensively researched

with the intention of solving the above problems, and as
a result, a éurprising fact has been found. That is to
say, in preparing rubber modified styrene resins by a
continuous mass polymerization method and/or a solution
polymerization method, if after a step of carrying out
polymerization in a condition where the rubbery polymer
is not substantially inverted to a dispersed phase, a
rubbery polymer is inverted to the dispersed phase
simultaneously with or after the addition of a polymeric
material compriéing monomers for use in a polymerization
reaction, to form the styrene copolymer, the rubbery polymer, an
inert organic solvent and the 1ike, there can be obtained the rubbery modified
styrene resins which can provide molded articles having
a remarkably improved impact resistance and surface
gloss. The present invention has now been completed on
the basis of this finding.

That is to say, the present invention is directed to
a process for cpntinuogsly preparing rubber modified
styrene resins from styrene monomers, acrylonitrile
monomers and the like in the presence of a rubbery
polymer in accordance with a continuous mass
polymerization method and/or a solution polymerization
method by the use of a serial polymerization device
comprising two or more reactors; said process for

continuously preparing rubber modified styrene resins
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comprising

(1) a first step of feeding a polymeric material to the
first reactor (hereinafter referred to as the first
polymeric maéerial) to carry out the polymerization of
the monomers in a condition where the rukbery polymer is
not substantially inverted to the dispersed phase, and a
second step of adding a polymeric material.tp-the second
and later reactors (hereinafter referred to as the
second pdlymeric materiél) to continﬁously carry out the
polymerization of the monomers and to thus invert the
rubbery polymer to the dispersed phase,

(2) a ratio of the added materials to the materials
used in the first step being in the range of from 10 to
220% by weight,
- whereby impact resistance and-surface gloss can be
.remérkably improved. Main row materials for
polfmerization (moﬁomers, rubbery polymer and inert

solvent) is called as "Polymeric material" in the

present specification and claims.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 shows the shape of a test piece used to

evaluate the surface gloss of molded articles of rubber
modified styrene resins obtained by the present

.invention, and Fig. 1 (a) is a plan view and Fig. 1 (b)

- is a sectional view.
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As styrene monomers which can be used in the present
invention, there is used an unsaturated aromatic
compound, particularly styrene or its derivative

represented by the formula (I])

HoC = C - Rl

Q
(Rz)s

(wherein rl is-hydrogen,.an alkyl group having 1 to S
carxbon atoms, or a.haldgen; and R? is hydrogen, an alkyl
group haQing 1 to 5 carbon atoms, a halogen, or an
unsaturated hydrocarbon having 1 to 5 carbon atoms, and
they may be the same or different). Examples of the
styrene monomers include styrene, a-methylstyrene, o-
methylstyrene, m-methylstyrene, p-methylstyrene, a
halogenated styrené, tabutylstyrene, vinylxylene and
divinylbenzene. Above all, styrene, a-methylstyrene,
- p-methylstyrene are preferably used, and styrene and «

-methylstyrene are particularly preferably used. These

styrene monomers can be used singly or in combination.

The amount of styrene monomers is usually in the
range of from 25 to 97 parts by weight, preferably from
150 to 95 parts by weight with respect to 160 parts by
gweight of the total weight of the respective monomers in
the polymeric material.
Acrylonitrile monomers which can be used in the

resent invention is an unsaturated compound having a

'itrile group represented by the formula (IIX]
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\\C =N

HaC = C (II)
(wherein R! is as defined above). Examples of
acrylonitrile monomers include acrylonitrile, methacry-
lonitrile and a-chloroacrylonitrile, and particularly
preferable are acrylonitrile and methacrylen;trile.
These acrylonitrile monomers can be used siﬂgly ar in
combination. The amount of acrylonitrile monomers to be
used is uéually in the range of from 3 to 45 parts by
weight, preferably from 10 to 35 parts by weight with
respect to 100 parts by weight of the total weight of
.the respective monomers in the polymeric material.

As an unsaturated compound monomer capable of copoly-
merizing with the styrene monomers and/or the acryloni-
trile monomers which can be used in the present inven-
ﬁion, there can usually be used known unsaturated com-
pounds capable of copolymerizing with styrenes and
acrylonitriles. Examples of the unsaturated compound
monomer inclﬁde-alkyl (meth)acrylate monomers such as
methyl methacrylate, ethyl methacrylate, methyl acry-
late, ethyl acrylate and n-butyl acrylate, maleimide
monomers éuch as n-phenylmaleimide, n-methylphenylmalei-
mide, n-cyclohexylmaleimide and n-ethylmaleimide, and
unsaturated carboxylic acid derivatives such as maleic
anhydride, acrylic acid and methacrylic acid. These

unsaturated compound monomers are not always used, or
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they may be used singly or in combination.

Among these unsaturated compound mbnomers, methyl
methacrylate, n-phenylmaleimide and maleic anhydride are
particularly preferable. When methyl methacrylate is
used, the hardness of an obtained resin can be improved;
when n-phenylmaleimide is used, heat resistance can be
improved; and when maleic anhydride is used, heat
resistance and.weéthering resistance can be improved.
Each of these unsaturated compound monomers can be used
in the raﬁge of from 0 to 30 parts by weight with
respect to 100 parts by weight of the total weight of
the respective monomers in the polymeric material.

Preferable examples of a rubbery polymer which can be
used in the present invention include polybutadiene,
isoprene-butadiene copolymer, styrene-butadiene
copolymer, acrylonitrile-butadiene copolymer, ethylene—
propylene copolymer and ethylene- propylene-dlene
copolymer. More preferable are polybutadiene and

styrene-butadiene copolymer. With regard to the

styrene-butadiene cobolymer, a styrene-butadiene block
copolymer in which a styrene moiety gnd 2 butadiene

iety are separated from each other is particularly
referable. A solution viscosity of the rubbery polymer
zin the range of from 3 to 200 cP, preferably from 3

00 cP, more preferably from 5 to 50 cP, as measured

thra Styrene solution having a rubbery polymer
eet Has Been Re; laced

ACentration of 5% by weight. The amount of the H“‘Il”“l“ml |H
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rubbery polymer to be used is usually in the range of
from 4 to 50 parts by weight, preferably from 4 to 20
part§ by weight with respect to 100 parts by weight pf
the total wéight of the respective monomers in the
polymeric material.

In the present invention, a polymerization initiator
is preferably used. Examples of the polymerization
initiator include organic peroxides such as ﬁenzoyl
peroxide, lauroyl peroxide, t-butyl peroxypivalate, t-
butyl peroxybenzoate, t-butyl peroxyisobutyrate, t-butyl
peroxyoctoate, cumyl peroxyoctoate and 1,l-bis(t-
butylperoxy)-3,3,5~trimethylcyclohexane, and azo
compounds such as 2,2-azobisisobutyronitrile, 2,2-
azobis(2-methylbutyronitrile) and 2,2-azobis(2,4-
dimethylvaleronitrile). However, the organic peroxide
is mbrelpreferable, bec;use its_employment easily leads
to a high graft efficiency. Furtherm&re, the |

:.polymerization initiator to be used can be selected in

v consideration of the temperature of a reactor to which

ymerization conversion. For example, in the case

hat ‘the organic peroxide is used as the polymerization
ﬂiﬁiator, the polymerization initiator can be selected
he basis of its half-life period. It is preferred

EEO fuse :the organic peroxide having a half-life périod of

minute to 2 hours at 90°C in the race &h-c =
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polymerization is carried out at 50-100°C, the organic
peroxide having a half-life period of from 10 minute to
20 hours at 90°C in the case that the polymerization is
carried out at 70-140°C, or the organic peroxide having
a half-life period of 5 hours or more at 90°C in the
case that the polymerization.is carried out at 120-
180°C. Preferable examples of the'organic.peroxide
include t-butyl peroxypivalate, t-butyl peroxy(2-ethyl-
hexanoate) and 1,1-bis(t-butylperoxy)-3,3,5-trimethylcy-
clohexane, and particularly preferable are t-butyl
peroxy(2-ethylhexanoate) and 1,1-bis(t-butylperoxy)-
3,3,5-trimethylcyclohexane. The amount of the polymeri-
zation initiator.to be used is usually in the range of
from 0.001 to 5.0 parts by weight, preferably from 0.001
to 3.5 parts by weight, more preferably from 0.001 to
2.0 with respect to 100 parts by weight of the total
weight of the resgectivé monomers in the polymeric
material. In the. present invention, it is preferred
that the polymerization initiator is divided into two
portions for.the first step and the second step, and
they are then used. In this case, in the first step,
the amount of the organic peroxide to be added is in the
range of from 0.001 to 2.0 parts by weight, preferably
from 0.001 to 1.0 part by weight with regard to 100
parts bx weight of the monomers, and in the second step,
the amount of the organic peroxide to be added is in the

range of from 0 to 1.5 parts by weight, preferably from
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0 to 1.0 part by weight with regard to 100 parts by
weight of the monomers.

An inert organic solvent which caa be used in the
present invention means a compound not having any
polymerizable unsatﬁrated bond, and examples. of the
inert organic solvent include benzene, tcluene, xylene,
ethylbenzene, acetone, isopropylbenzene axd methyl ethyl
ketone, and particularly preferable are ethyibenzene_and
toluene.” If a large amount of the inert organic solvent
is used, a polymerization rate is inhibitad, so that
productivity deteriorates. 1In addition, in the case
that the rubbery polymer is inverted into the dispersed
phase, the particles of the rubbery polymer are liable
to cohere during the polymerization. Morsover, owing to
the chain transfer properties of the inertc organic
solvent, the polymerization of the monomers to the
rubbery polymer, i.e., a graft polymerization is
disturbed, if a large amount of the inert organic
solvent is used. Therefore, in the reactor in which the
rubber is granulated, the amount of the inert organic
solvent to be used is usually from 5 to 50 parts by
weight, preferably from 10 to 30 parts by weight, more
preferably from 18 to 30 parts by weight with respect to
100 parts by weight of the total weight oI the
respective monomers in the polymeric material. In the
first step, the addition of the inert organic solvent is

not necessary, but in the second step, ths inert organic
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golvent is preferably added, and the addition of the

inert organic solvent makes the control of the
polymerization reaction easy and the viscosity of the
polymeric solution lowers. In consequence, the transfer
of the polymeric solution and the like is easy, so that
the operativity of the manufacturing procesé becomes"
good and tbe adjustment of a molecular weight, becomes
also possible.

In ;he present invention, for the sake of the
adjustmeﬁt of the molecular weight of the styrene-
acrylonitrile copolymer, various kinds of known chain
transfer agents can be used. For example, known
chemical compounds such as t-dodecyl mercaptan, n-
dodecyl mercaptan and n-octyl mercaptan a-Methyl styrene
dimer can be used. The chain transfer agent can also be
divided into two portions, and they can be then added to
the first step and the second step. The amount of the
chain transfer agené to be added depends upon its chain
-transfer abiliﬁy and the desired molecular weight of an
obtained product, but it is usually in the range of from
0.01 to 2.0 parts by weight with respect to 100 parts by
weight of the total weight of the respective monomers in
the polymeric material.

The reactors which are used in the present invention
are not limited to specific type reactors, but for
example, complete mixing type reactors, tube type or

column type reactors can be used. As the reactor which
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can be used in the phase inversion step, the complete
mixing type reactor is preferable, because of being easy
+o control the diameter of the formed rubber particles
and having & high ability to uniformly mix the polymeric
golution. The number of the reactors which can be used
in the present invention is.preferably two or more,
particularly preferably in the range of from 2 to 5 in
poth of the first step and the second step. |

In order to carry out stirring for the pdélymerization
reaction; known stirring blades such as a paddle blade,
a turbine blade, a propeller blade, a pfaudlar blade, a
lattice blade, a gate blade aAd a helical ribbon blade
can be used, and they can be used singly or in combina-
tion. Furthermore, they can also be used in the form of
a single-stage blade or a multi-stage blade. The rota-
tional speed of the stirring blade depends upon the
volume of the reactor, the viscosity of the polymeric
solution, a required shearing force and the like, but it
is usually in the range of from 10 rpm to 600 rpm.

The temperature of the first step is in the range of
from 50 to 140°C, preferably from 50 to 110°C, and that
of the second step is in the range of from 50 to 180°C,
preferably from 50 to 140°C. When the second step uti
lizes the inversion reactor and one or more polymeriza-
tion reactors as later polymerization reactors, the
temperature of the first inversion reactor is in the

range of from 50 to 140°C, preferably from 80 to 120°C
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for the sake of the control of the formed rubber parti-
cles, and that of the later reactors is in the range of
from SO to 180°C, preferably from 100 to 140°C.

In the present invention, an average residence time
in each step is usually suitably in the range of from
0.2 to S hours. if the average residence time is less
than-0,2 hour, a phenomenon takes place in which the
polymeric material pésses through the reactor without
being sufficiently polymerized, so that the product
having the poor physical properties is obtained. If the
average residence time is more than 5 hours, production
diminishes, the manufacturing cost of the resin
increases, and productivity deteriorates.

In the first step, the monomers are polymerized in a
condition where the rubbery polymer is not substantially
inverted to the dispersed phase. In the present
invention, the condition where the rubbery polymer is
not subétantially.inverted to the dispersed phase means
a condition where the rubbery polymer forms a continuous
phase and the styrene-acrylonitrile copolymer forms the
dispersed phase in the polymeric solution, and this fact
can be easily confirmed by observing the polymeric
solution with 'a optical micro scope. Next, an exemplary
procedure for keeping the condition where the rubbery
polymer is not substantially inverted to the dispersed
phase will be de;cribed.

In general, a main factor by which the rubbery
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polymer is inverted to the dispersed phase is a volume
ratio of the.rubbery polymer to the produced styrene-
acrylonitrile copolymer, and for example, if the volume
of the styreﬁe-acryloﬁitrile copolymer exceeds 230% of
that of the rubbery polymer in the polymeric-solution,
the phase inversion takes places. Thérefore, it is
preferable to control the volume of the polymer produced
in the first step in the range of from 10 to 230%,
preferably 50 to 200%, more preferably 100 to 150 of the
volume of the rubbery polymer in the polymeric solution.
However, the determination of the volume ratio of the
rubbery polymer to the styrene-acrylonitrile copolymer
is not practicai, and so in general, a weight ratio of
the rubbery polymer to the styrene-acrylonitrile
copolymer is controlled. It can be presumed that this
weight ratio substantially corresponds to the above
volume ratio.

The polymerization temperature in the first step is
in the range of from 50 to 140°C, preferably from 50 to
110°C. 1If the polymerization temperature is less than
50°C, a polymerization rate is inhibited, so that pro-
ductivity deteriorates, and if it is more than 140°C, a
graft polymerization scarcely occurs, so that impact
resistance declines. The average residence time in the
first step is suitably in the range of from 0.2 to 5
hours, as a usual case.

In order to inhibit the polymerization of the

: EN
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monomers in the first step so that the volume of thé
obtained polymer may be in the range of from 10 to 230%
of the volume of the rubbery polymer, the polymerization
rate in the first step should be controlled by a known
polymerization rate control technique of su;tably
selecting the polymerization temperature, the kind and
the concentration of polymerization initiatox, and the
like so as to maintain the volume ratio of éhe produced
st&rene—acrylonitrile copolymer to that of the rubbery
polymer in the above range.

As a technique for controlling the polymerization
rate, the polymerization rate Rp can be calculated from
the following formula, as described in P. J. Flory,
*Principles of Polymer Chemistry", Japansse Edition, p.
101-125, Chap. 4, "Polymerization Reaction of
Unsaturated Monomers by Free Radical Mechanism",
particularly on page 108 thereto. | |

The polymerization reaction procseds in accordance
with the following reaction formulae:

Initial reaction: I — —» 2R-

Re¢ ———= R -~ M.

Propagation reaction: M, s+ + M ——— M .,

Termination reaction: M. + Me ———— P

The polymerization rate can be dstermined from the

following formula:

Rp = kp(M][M] = kp(fkd(I]/kt-)l/Z[M] ' This Sheet Has Been Replac .
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kq: Initiator decomposition constant

ke Termination rate constant
[I}: Initiator concentration

£: Initiator efficiency

[M]: Monomer concentration .

For the calculation of the polymerization rate, kp
(t), kq (t) and £ of the monomers and the initiator to
be used are determined by experiments or from literature
values. After the decision of a desired conversion and
average residence time, a combination of the initiator
concentration and the polymerization temperature suit-
able for the decided values can be calculated, whereby
conditions for suppressing the inversion in the first
reactor can be set. According to this manner, a person
skilled'in the art can easily calculate the polymeriza-
tion rate.

The polymeric solution continuously drawn from the
first step is continuously fed to the first reactor of
the respective reactors constituting the second step.

The process of the.present invention comprises the
first step in which the above polymeric material is fed
to the first reactor, and the monomers are polymerized
in the condition where the rubbery polymer is not
substantially inverted to the dispersed phase; and the
second step in which the polymeric material is added to
the second and later reactors to continue the

polymerization of the monomers, thereby inverting the
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In the second step, at least one of the inert Ouga“‘\\

solvent, the monomers and the rubbery polymer as well agq

rubbery polymer to the dispersed phase.

if necessarf, the polymerization initiator and the chain
transfer agent are added to a pipe for the polymeric
solution coming from the first step or another pipe
which is the first reactor constituting the.gecond Stap,
In this case, it is irportant tﬁat the ratio of the
second polymeric material to the first polymeric
material is in the range of 10 to 220% by weight.

The ratio of the second polymeric material to tha
first polymeric material is in the range of from 10 to
220% by weight, preferably from 25 to 220% by weight,
more preferably from 25 to 160% by weight.

If the above ratio is in excess of 10% by weighgl Lt
is easy to control the shape of the rubbery polymer
partiéles in the second step, and the surface gloss of
molded articles is conveniently high. If the above
ratio is less than 220% by weight, the sufficient amount
of the polymeric solution can be drawn from the first
step, and the graft polymer produced in the first step
can possess a suitably high concentration. Thus, the
effect of the graft polymer produced in the first step
can be conveniently sufficiently utilized.

The second polymeric material to be added is at Lesnye,
one of the inert organic solvent,; the monomers and the

rubbery polymer. In particular, (A) in the case that
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the second polymeric material comprises the inert
organic solvent and the monomers, the concentration of
the rubbery polymer is high and that of the inert
organic solvent is low in the first step, and so a graft
reaction proceeds in the first step to obtain the resin
having the high gloss and the high impact resistance.
(B) In the case that the second polymeric material
comprises the monomers and the rubbery polymer, the
concentration of the inert organic solvent is high in
the first step, and so the molecular weicht of the
copolymer produced in the first step can be decreased to
obtain the resin having an excellent fluidity. (C) In
the case that the second polymeric material comprises
the inert organic solvent and the rubbery polymer, the
concentration of the inert organic solvert is low in the
first step, and so a graft hindrance reaction by the
inert solvent in the first step can be prevented to
obtain the resin having the high impact resistance. (D)
In the case that the second polymeric material comprise;
the monomers, the inert organic solvent and the rubbery
polymer, the obtained resin has a perfornaﬁce in the
middle of the above (A) to (C) in compliance with its
composition, and a balance of the desired impact
strength, surface gloss and fluidity can be optionally
controlled. The amount of the second polymeric material
to be added can be denoted with various expressions, but

they are not inconsistent, so long as they is in the
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range of from 10 to 220% by weight.

Detailed reference will be made to the amount of the
second material to be added in the present invention.

(1) A caég where the monomers are added as the
second polymeric material: .

Assuming the ratio of the rubbery polymer to the
polymeric solution in the first step to be X% by weight,
and assuming the ratio of the rubbery polymer to the
polymeriq solution in the second step to be Y% by
weight, the second polymeric material is added in an
amount in a range meeting the ﬁormula I (Ro. 1),
preferably the formula II (No. 2):

(No. 1) 0.3 £ ¥/X £ 0.9 I

(No. 2) 0.4 < Y/X < 0.75 IX

In this case, the rubbery polymer is not added to the
second step, and the amount of the second polymeric
material to be added is determined on the.basis of the
weight of the rubbery polymer. The same can be applied
to the case that the inert organic solvent alone is
added, and the case that the monomers and the inert
organic solvent are added. Needless to say, it is also
possible to simultaneously add the rubber polymer.

(2) A case where the monomers are added as the
second polymeric material:

Assuming the ratio of the inert organic solvent to

the polymeric solution in the first step to be S% by

& e - - -

weiaght. and acaernminsa +ha yabkin AF &ha
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solvent to the polymeric solution in the second step to
be T% by weight, the second polymeric material is added
in an amount in a range meeting the formula III (No. 3),
preferably fhe formula IV ‘(No. 4), more preferably the

formula V (No. 5):

(No. 3) 1.1 < S/T < 2.5 III
(No. 4) 1.18 < S/T < 2.5 - IV
(No. 5) 1.25 £ S/T s 2.5 v

In this case, the inert organic solvent is not added
to the second step, and the amount of the second
polymeric material to be added is determined on the
basis of the weight of the inert organic solvent. Thus,
the same can be applied to the case that the monomers
are added to the .second step, and the case that the
monomers and the rubbery material are added thereto.
Comparing with the case (1), this case (2) has a feature
that fluidity is particularly good.
(3) A case where the inert organic solvent is added:
Assuming the ratio of.the inert organic solvent to
the polymeric solution in the first step to be S% by
weight, and assuming the ratio of the inert organic
solvent to the polyﬁeric solution in the second step to
be T% by weight, the second polymeric material is added
in an amount in a range meeting the formula VI (No. 6),
preferably the formula VII (No. 7), more preferably the
formula VIII (No. 8):

(No. 6) 0 < S/T < 0.6 VY
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(No. 7) 0 s s/T s 0.5 VII
(No. 8) 0 £ S/T< 0.4 VIII

The addition of the second material in the present
invention iniends.to raise the concentration of the
inert organic solvent in the second step than that of
the inert organic solvent in the first step by the
addition of the inert organic solvent in the second
step. To the first step, styrene monomers, écryldni-
trile monomers, the unsaturated compound monomers capa-
ble of copolymerizing with these monomers and the rub-
bery polymer are fed, if necessary, together with the
inert organic solvent, the polymerization initiator and
the chain transfer agent. Here, assuming the ratio of
the inert organic solvent to the polymeric solution iﬁ
the first step to be S% by weight, the value qf S meats
usually 0 £ S s 20, preferably 0 £ S £ 15, more prefera-
bly 0 £ S £ 10. Here, assuming the raﬁio of the inert
organic solvent to the polymeric solution in the second
step to be T% by welght, it is necessary in the present
invention that the amounts of the inert organic solvent,
and if necessary, the monomers, the rubbery polymer, the
polymerization initiator and the chain transfer agent
are controlled so as to meet the ratio of S to T, i.e.,
0 £ S/T < 0.6, preferably-o £ S§/T £ 0.5, more preferably
0 £ S/T < 0.4. If this ratio is more than 0.6, giant
rubber particles are formed in the rubper particles, and

the surface gloss noticeably declines. fThe cause of
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such a phenomenon is not apparent, but it can be pre-
sumed that a difference between graft polymerizabilities
to the rubbery polymer in the first and second steps has
an influence on the product.

The ratio of the inert organic solvgnt to the
polymeric solution in the second step, i.e., T% by
weight usually meets 5 < T < 50, preferably 10 < T < 30,
more preferably 15 < T £ 25. 1In the case th;t T is 50%
by weigh; or more, the giant rubber particles are formed
by the cohesion of the once dispersed rubbery polymer
particles, so that the surface gloss declines. 1In
addition, the content of the monomers in the polymer
system is low, and productivity is also low. On the
other hand, if T is low, it is difficult to control a
polymerization rate. If the polymerization is not
controlled, the viscosity of the polymeric solution is
excessively high, so that the shape of the rubbery
polymer particles cannot be céntrolled any more. On the
other hand, if the polymerization does not proceed, the
viscosity of the polymeric solution is conversely too
low, so that the diameter of the formed rubber particles
increases. As understood from the foregoing, the poly-
merization ratio and the diameter of the rubber parti-
cles are closely connected with each other, and the poor
control of the polymerization ratio is not preferable in

the manufacturing process of an ABS resin.

(4) A case where the monomers and the inert organic
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solvent are added:

Assuming the ratio of the rubbery polymer to the
polymeric solution in the first step to be X% by weight,
and assuming the ratio of the rubbery polymer to the
polymeric solution in the second step to be Y% by
weight, the second polymeric material is added in an
amount in a range meeting the formula IX (No..9),
preferably the formula X (No. 10}, more preferably the

formula XI (No. 11l):

(No. 9) 0.3 < ¥/X £ 0.9 o IX
(No. 10) 0.3 £ Y/X < 0.8 X
(No. 11) 0.4 < ¥/X £ 0.75 XI

Assuming the ratio_?f_the inert organic solvent to
the polymeric solution in the first step to be S$ by
weight, and assuming the ratio of the inert organic
solvent to the polymeric solution 100 in the second step
to be T% by weight, the second polymeric material is
added in an amount in a range meeting the formula XII

(No. 12), preferably the formula XIII (No. 13), more

preferably the formula XIV (No. 14):

(No. 12) 0 < S/T < 0.6 XII
(No. 13) 0 £ S/T < 0.5 XIII
(No. 14) 0 < S/T < 0.4 IX

In the case that the monomers and the inert organic
solvent are added, a resin can be characteristically
obtained which has an excellent balance between the

enrfara nalnacs and the imvact resistance. .
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As described above, the addition of the second
polymeric material can be carried out by any of various
other manners, and the addition of the second polymeric
material can-be used to confirm means and control for
setting the ratio of the second polymeric material to
the first polymeric material in the range of 10 to 220%
by weight, if the concentrations and the like of the
respective materials are measured. |

In the process of the present invention, the rubbery
polymer is inverted to the dispersed phase by the
shearing of the polymeric solution caused by the
polymerization of the monomers and the stirring in the
second step. This phase inversion can be achieved in
the optional reactor constituting the second step on the
basis of the control of the polymerization conversion of
the monomers usually carried out by a continuous mass
polymérization method 6r a solution polymerization
method and the control of a stirring rotational speed in
the reactor. The polymerization in the second step is
carried out in the temperature range of from 80 to
180°C, preferably from 80 to 140°C. If the polymeriza-
tion temperature is less than 80°C, the polymerization
rate is low, so that the productivity declines, and if
it is more than 180°C, a low-molecular styrene-acryloni-
trile copolymer is produced in large quantities, and the
heat resistance of the product lowers inconveniently.

In the reactor in which the phase inversion is achieved,
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the polymerization is continued until a desired polymer-
jzation conversion of preferably 25 to 42% by weight,
more preferably 35 to 42% by weight has been reached,
and in the léter reactors, the polymerization is contin-
ued until a polymerization conversion of 42 to 70% by
weight, preferably 50 to 65% by weight has been reached
by the polymerization.

No particular restriction is put on the subsequent
steps, and rubber modified styrene resinsare prepared
via a volatile component removal step in which the
‘remaining monomers and solvent are removed; and an
extrusion step, which are usually carried out in the
continuous mass polymerization method or the solution
polymerization method. In the present invention, the
average particle diameter of the rﬁbbery polymer
particles contained in the obtained rubber modified
styrene resin is usually controlled in the range of from
0.2 to 2.5 um, preferably from 0.2 to 1.4 um, more
preferably from 0.2 to 0.9 um. A way for measuring the
diameter of the rubbery polymer particles will be de-
scribed in Example 1. If the average particle diameter
of the rubbery polymer particles is less than 0.2 um,
the surface gloss is high but the impact resistance is
low, and if it is more than 2.5 um, both of the impact
resistance and the surface gloss are low.

The employment of rubber modified styrene resins of

the present invention makes it possible to prepare
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molded articles having the much more improved impact
resistance and surface gloss than conventional molded
articles. 1In the present invention, the reason why both
of the impacé resistance and the surface gloss are
improved is not definite, but in view of a fact that the
amount of the graft in rubber modified styrene resins,
i.e., the amount of the styrene-acrylonitrile. copolymerx
occluded in the rubbery polymer contained in rubber
modified styrene reéins or bonded to the rubbery polymer
increases, it can be presumed that an intexfacial
tension between the rubbery polymer aﬁd the styrene-
acrylonitrile copolymer deteriorates by graft chains, so
that the diameter of the rubbery polymef particles
decreases and the surface gloss of the molded articles
is improved. On the other hand, it can also be presumed
that an adhesive strength between the rubbery polymer
and the styrene-acrylonitrile copolymer increases by the
graft chains, so that the impact resistance is improved.
In addition, according to the present invention, a large
amount of the second polymeric material can be added to
the polymerization system, and therefore the
polymerization in the second step et seq. can be
inhibited to increase a rubber concentration in the
product.

Rubber modified styrene resins according to the
present invention can be used as structural materials of

electric appliances such as electric washing machines,
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air conditioners, electric refrigerators and audio-
visual equipments; general machines such as office
automation equipments, telephones and musical
instruments;. miscellaneous goods such as toys, cosmetic
containers and sheets; cars and housing materials.
Hence, rubber modified styrene resins of the present
invention has an extremely large industrial value.

Now, the present'inventibn will be described in more
detail with reference to examples, but the scope of the
present invention should not be limited to these
examples.

Example 1

In experiments of Examples 1 to 3, monomers and
ethylbenzene were added to a second polymerization
reactoxr, but aﬁy rubbery-polymer was not added thereto.

Rubber modified styrene resins was prepared by the
use of a serial polymerization device having a volume of
about 15 liters in which 3 compléte mixing type reactors
were connected in series. A first step was constituted
of a first reactor, and a second steb was constituted of
a second reactor and a third reactor. A first material
comprising 48 parts by weight of styrene, 16 parts by
weight of acrylonitrile, 20 parts by weight of
ethylbenzene, 16 parts by weight of a rubbery polymer,
0.15 part by weight of t-dodecyl mercaptan and 0.03 part
by weight of 1,1l-bis(t-butylperoxy)-3,3,5-

trimethylcyclohexane was continuously fed to the first
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reactor at 5.0 kg/hr by the use of a plunger pump, and
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the monomers wére polymerized therein. In this case, a
polymerization temperature was adjusted so that a solid
content at the outlet of the first reactor, i.e., the
amounts of the rubbery polymer and a styrene-
acrylonitrile copolymer in a polymeric solution might be
32% by weight with respect to the weight of the
polymeric solution. At this time, the polymerization
temperature was 90°C. Furthermore, a stirring rotation-
al speed in the reactor was 100 rpm, and the polymeriza-
tion temperatures were measured by thermocouples ar-
ranged at 3 positions of upper, middle and lower posi-
tions of the reactor. 1In this case, the temperatures at
the 3 points were coﬁtrolled in the range of an average
+ 0.2°C, and it could be presumed that the polymeric
solution was uniformly mixed. As the rubbery polymer,
there was used a styrene-butadiene block copolymer
having é viscosity of 11 cP in a styrene solution having
a rubbery polymer concentration of 5% by weight at 25°C
(trade name NIPOL: NS310S, made by Nippon Zeon Co.,
Ltd.).

In the first reactor, any rubbery-polymer particles
were not formed. In the first reactor, a weight ratio
of the rubbery polymer to the styrene-acrylonitrile
copolymer was 16:16.

The polymeric solution was continuously taken out

from the first reactor, and then continuously fed to the
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second reactor. ©Next, a second material comprising 60
parts by weight of styrene, 20 parts by weight of
acrylonitrile, 20 parts by weight of ethylbenzene, 0.15
part by weight of t-dodecyl mercaptan apd 0.03 part by
weight of 1,1l-bis(t-butylperoxy)-3,3,5-
trimethylcyclohexane was continuously fed to the second
reactor at 5.0 kg/hr by the use of the plunger pump. In
this case, 1,1-bis(t-butylperoxy)-3,3,5-
trimethylcyclohexane alone was fed through another line.
Here, a ratio between the amounts of an ethylbenzene in
the first reactor and the second reactor (S/T) was 1.

On the other hand, a ratio between the amounts of a
rubbery polymer in the first reactor and that the second
reactor was-O.S. In the second reactor,'the
polymerization of the monomers was continuously carried
out, and the polymerization temperature was adjusted so
that the solid content at the outlet of the second
reactor might be 36% by weight with respect to the
weight of the polymeric selution. At this time, the
polymerization temperature was 90°C. 1In the second
reactor, the rubbery polymer was inverted to a dispersed
phase to form the rubbery polymer particles. The
polymeric solution continuously drawn from the second
reactor was fed to the third reactor, and the
polymerization in the third reactor was carried out so
that the solid content at the outlet of the third

reactor might be 50% by weight. Next, the polymeric
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solution was passed through a volatile component femoval
step and an extrusion step to form pellets.

With regard to rubber modified styrene resins,
polymerization conditions and the results of analysis
and performance evaluation are shown in Table 1. This
resin is more excellent in the surface gloss as well as
a practical impact strength at positions A and B of a
molded article shown in Fig. 1, as compared with the
results of the undermentioned comparative examples.

The above analysis and performance evaluation of the
resin were carried out by the following procedures.

(a) Amount of the rubber in the resin: The amount
of the rubber dissolved in the first material was
calculated from a ﬁaterial balance among the feed of the
first material, the feed of the second méterial and the
solid content iﬁ the third reactor.

(b) Average diameter of the rubber particles: A
photograph of the resin.was taken in accordance with an
ultra-thin slice method by an electroh microscope, and
the particle diameters of 500 to 700 rubber particles in
the photograph were measured. An average diameter of
' the rubber particles was calculated in accordance with
the following formula x:

Average diameter of the rubber particles =
snpd/enpd ... x
wherein n is the number of the rubber particles having a

- particle diameter D.
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(c) Preparation of test pieces: The obtained resin
was dried at 90°C for 3 hours, and then injection-moided
at a molding temperature of 240°C and a mold temperature
of 40°C to prepare test pieces for the measurement of
Izod impact strength and test pieces for the measurement
of practical impact strength having a shape'shoﬁn in
Fig. 1.

In Fig. 1, a gate portion, i.e., an inlet through
which the molten resin was poured into the—mbld is
represented by G. A position A is a position where
thickness changes under the influence of the position of
the gate portion; a position B is a position in the
vicinity of a corner; and a position C is a standard
position. 1In general, there is a tendency that the
impact strength increases in the order of the position
A, the position B and the position C.

(d) Izod impact strength: This was measured in
accordance wifh JIS K-§871.

; (e) Practical impact strength: A drop-weight impact
strength test was made to measure impact strengths at
the 3 positioms (the position A, the position B and the
position C) of each test piece having the shape shown in
Fig. 1. A tip R of the drop weight was 6.4 mm, and an
inner diameter of a deck was 25 mm.

(f) Surface gloss: This was measured in accordance
with JIS Z2-8741. Light was applied at an incidence

angle of 60° to the position C of the molded article
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having the shape shown in Fig. 1.

Examples 2 and 3

Rubber modified styrene resins were prepared by the
same procedure as in Example 1, changing a first
polymeric material, its feed, a polymerization
temperafure, a solid content at the outlet of a first
reactor, a feed and a composition of a secoﬁd polymeric
material, a polymerization temperature, a solid content
at the outlet of a seéond reactor, a solid content at
the outlet of a third reactor and the like. In both the
examples, rubber particles were formed in the second
reactor. Polymerization conditions and the results of a
perfoimance evaluation are shown in Table 1.

Comparative Examples 1 and 2

Rubber modified styrehe resins were prepared by the
same procedure as in Example 1, changing a first
polymeric material, its feed, a polymerization
temperature, a solid content at the outlet of a first
reactor, a feed and a éomposition of a second polymeric
material, a polymerization temperature, a solid content
at the outlet of a second reactér, a solid content at
the outlet of a third reactor and the like. 1In both the
examples, rubber paiticles were formed in the second
reactor. The conditions of polymerization and the
results of a performance evaluation are shown in Table

2. In Comparative Example 1, the particle diameter of

the rubber particles increased, so that impact

Thls Sheet Has Been Reﬂlace
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resistance and surface gloss were both poorer than in
Example 1. In Comparative Example 2, the concentration
of the rubbery polymer in the firs; reactor was so high
that the viscosity of a polymeric material in the first
reactor was high, and thus for the feed of the material
and the stirring of the polymeric material,'a large load
was required, which was impractical. In addition, the
unevenness of the impact resistance was vefy largé.

Example 4

In experiments of Examples 4 to 6, monomers and a
rubbery polymer were added to a second reactor, but
ethylbenzene was not added thereto.

Rubber modified styrene resins was prepared by the
use of a serial polymerization device having a volume of
about 15 liters in which 3 complete mixing type reactors
wefé connected in series. A first step was constituted
of a first reactor, and a second step was constituted of
a second reactor and a third reactor. A first material
comprising 43 parts by weight of styrene, 14 parts by
weight of acrylonitrile, 35 parts by weight of
ethylbenzene, 8 parts by weight of a rubbery polymer,
0.15 part by weight of t-dodecyl mercaptan and 0.03 part
by weight of 1,l-bis(t-butylperoxy)-3,3,5-
trimethylcyclohexane was continuously fed to the first
reactor at 5.7 kg/hr by the uée of a plunger pump, and
the monomers were polymerized therein. In this case, a

polymerization temperature was adjusted so that a solid
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content at the outlet of the first reactor, i.e., the
amounts of the.rubbery polymer and a styrene-
acrylonitrile copolymer in a polymeric solution might be
22% by weight with respect to the weight of the
polymeric solution. At this time, the polymerization
temperature was 90°C. Furthermore, a stirring rotation-
al speed in the reactor was 106 rpm, and the polymeriza-
‘tion tempefatnres'were measured by thermocouples ar-:
ranged at 3 positions of upper, middle and lower posi-
tions of the reactor. In this case, the temperatures at
the 3 points were controlled in the range of an average
+ 0.2°C, and it could be presumed that the polymeric
solution was uniformly mixed. As the rubbéry polymer,
there was used the same compound as in ﬁxample 1.

In the first reactor, any rubbery polymer particles
were not formed. In the first reactor, a weight ratio
of the rubbery polymer to the styrene-acrylonitrile

copolymer was 8:14.

The polymeric solution was continuously taken out
from the first reactor, and then continuously fed to the
second reactor. Next, a second material comprising 69
parts by weight of styrene, 23 parts by weight of
acrylonitrile, 8 parts by weight of the rubbery polymer,
0.15 part by weight of t-dodecyl mercaptan and 0.03 part
by weight of 1,1-bis(t-butylperoxy)-3,3,5-
trimethylcyclohexane was continuously fed to the second

reactor at 4.3 kg/hr by the use of the plunger pump. In
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the second reactor, the polymerization of the monomers

was continuously carried out, and the polymerization
temperature was adjusted so that the solid content at
the outlet of the second reactor might be 36% by weight
with respect to the weight of the polymeric solution.
At this time, the polymexization temperature'was 100°cC.
In the second reactor, the rubbery polymer was inverted
to a'dispersed phase to form the rubbery polymer parti-
cles. The polymeric solution continuously drawn from
the second reactor was fed to the third reactor, and the
polymerization in the third reactor was carried out so
that the solid content at the outlet of the third reac-
tor might be 50% by weight. Next, the polymeric solu-
tion was passed through a volatile component removal
step and an extrusion step to form pellets.

With regard to the thus prepared rubber modified
styrene resin, polymerization conditions and the results
of analysis and performance evaluation are shown in
Table 1.

Examples 5 and 6

Rubber modified styrene resins were prepared by the
same procedure as in Example 4, changing a first
polymeric material, its feed, a polymerization
temperature, a solid content at the outlet of a first
reactor, a feed and a composition of a second polymeric
material, a polymerization temperature, a solid content

at the outlet of a second reactor, a solid content at
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the outlet of a third reactor and the like.

However, in Example 6, .the composition of the second
material was composed of 67.5 p5¥ts by weighﬁ of
styrene, 52;5 parts by weight of acrylonitrile, 10 parts
.by weight of the rubbery polymer, 0.15 part by weight of
t-dodecyl mexrcaptan and 0.03 part by weight.of
1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane.

Comparative Examples 3 and 4

Rubber modified styrene resins were prepared by the
same procedure as in Example 1, changing a first
polymeric matérial, its feed, a polymerization
temperature, a solid content at the outlet of a firsf
feactor, a feed and a composition of a second polymeric
material, a polymerization temperature, a solid content
at the outlet of a second reactor, a solid content at
the outlet of a third reactor and the like. In both the
examples, rubber particles were formed in the second
reactor. The conditions of polymerization and the
results of a performance evaluation are shown in Table
2. In Comparative Example 3, the concentration of
ethylbenzene in the second reactor was low, so that a
polymerization rate was high, and it was difficult to
adjust a solid content in a polymeric solution in the
second reactor. In addition, impact resistance, surface
gloss and the fluidity of the resin were poorer than in
Example 6, In Comparative Example 4, the concentration

of ethylbenzene in the first and second reactors was
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high, so that a polymerization rate wﬁs low, and it was
difficult to adjust a solid content in a polymeric
solution in the second reactor. In addition, the
fluidity of the resin was highexr than in the examples,
but impact resistance, surface gloss and the fluidity of
the resin were poorer than in Example 5, owihg to the
cohesion of the rubber particles formed in the second
reactor.

Examples 7

In experiments of Examples 7 and 8, monomers and
ethylbenzene were added to a second polymerization
reactor, but any rubbery-polymer was not added thereto.

Each rubber modified styrene resin was prepared by
the use of a serial polymerization device having a
volume of about 15 liters in which 3 complete mixing
type reactors were connected in series. A first step
was constituted of a first reactor, and a second step
was constituted of a second reactor and a third reactor.
A first material comprising 69 parts by &eight of
styrene, 23 parts by weight of acrylonitrile, 8 parts by
weight of a rubbery polymer, 0.15 part by weight of t-
dodecyl mercaptan and 0.03 part by weight of 1,1-bis(t-
butylperoxy)-3,3,5-trimethylcyclohexane was continuously
fed to the first reactor at 7.0 kg/hr by the use of a
plunger pump, and the monomers were polymerized therein.
In this case, a polymerization temperature was adjusted

so that a solid content at the outlet of the first
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reactor, i.e., the amounts of tﬁe rubbery polymer and a
styrene-acrylonitrile copolymer in a polymeric solution
might be 19% by weight with respect to the weight of the
polymeric solution. At this time, the polymerization
temperature was 85°C. Furthermore, a stirring rotation-
al speed in the reactor was 100 rpm, and the polymeriza-
tion temperatures were measured by thermocouples ax-
ranged at 3 positions of upper, middle and lower posi-
tions of the reactor. 1In this case, the temperatures at
the 3 points were controlled in the range of an average
t 0.2°C, and it could be presumed that the polymeric
solution was uniformly mixed. The same rubbery polymer
,as in Example 1 was used.

In the first reactor, any rubbery polymer particles
were not formed. In the first reactor, a weight ratio
of the rubbery polymer to the styrene-acrylonitrile
copolymer was 8:11.

The polymeric solution was continuously taken out
from the first reactor, and then continuously fed to the
second reactor. Next, a second material comprising 18.7
parts by weight of styrene, 6.3 parts of acrylonitrile,
67 parts by weight of ethylbenzene, 8 parts by weight of
the rubbery polymer, 0.15 part by weight of t-dodecyl '
mercaptan and 0.03 part by weight of l,l-bis(t-
butylperoxy)-3,3,5-trimethylcyclohexane was continuously
fed to the second reactor at 3.0 kg/hr by the use of the

plunger pump. In this case, 1,l-bis(t-butylperoxy)-
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" 3,3,5-trimethylcyclohexane alone was fed through another
line. Here, a ratio between the amounts of an
ethylbenzene in the first reactor and the second reactor
(S/T) was 0. -In the second reactor,.the polymerization
of the monomers was continuously carried out, and the
polymerization temperature was adjusted so that the
solid content at the outlet of the second reactor might
be 36% by weight with respect to the weight of the -
polymeric solution. At this time, the polymerization
temperature was 100°C. In the second reactor, the
rubbery.polymer was invérted to a dispersed phase to
form the rubbery polymer particles. The polymeric
solution continuously drawn from the second reactor was
fed to the:third reactor, and the polymerization in the
‘third reactor was carried out so that the solid content
at the outlet of the tﬁird reactor might be 50% by
wéight._ Next, the polymeric solution was ‘passed through
a volatile component removal step and an extrusion step
to form pellets. |

Polymerization conditions and the results of analysis
and performance evaluation of the thus prepared rubber |
modified styrene resin are shown in Table 1.

Example 8

Rubber modified styrene resins was prepared by the
same procedure as in Example 7 except that the
composition of a first material, the polymerization

temperature in a first reactor and the composition of a
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second material were changed as shown in Table 1. A
ratio between the amounts of an ethylbenzene in the
first reactor and a second reactor (S/T) was 0.5, and
rubber particles were formed in the second reactor. The
results of the analysis and the performance of the thus
obtained resin are shown in Table 1. In this
connection, a weight ratio of a rubbery polymer to a
styrene-acrylonitrile copolymer in the first reactor of
this example was 8:11.

Example 9

In experiments of Examples 9 to 12, monomers and
ethylbenzene were added to a second polymerization
reactor.

Rubber modified styrene resins was prepared by the
use of a serial polymerization device in which 3
complete mixing type reactors were connected in series.
A first step was constituted of a first reactor, and a
second step was constituted of a second reactor and a
third reactor. A first material comprising 66.4 parts
by weight of styrene, 22.2 parts by weight of
acrylonitrile, 11.4 parts by weight of a rubbery
polymexr, 0.15 part by weight of t-dodecyl mercaptan and
0.03 part by weight of 1,l-bis(t-butylperoxy)-3,3,5-
trimethyleyclohexane was continuously fed to the first
reactor at 7.0 kg/hr, and the monomers were polymerized
therein. In this case, a polymerization temperature was

adjusted so that a solid content at the outlet of the
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first reactor, i.e., the amounts of the rubbery polymer
and a styrene-acrylonitrile copolymer in a polymeric-
solution might be 22.9% by weight with respect to the
weight of tﬁe polymeric solution. At this time, the
polymerization temperature was 81°C. Furthermore, as
the xrubbery polymer, there was used a styreﬁe-butadiene
block copolymer having a viscosity of 11 cP in a styrene
solution having a rubbery polymer concentration of 5% by
weight at 25°C. 1In the first reactor, any rubbery poly
mer particles were not formed.

The polymeric solution was continuously taken out
from the first reactor, and then continuously fed to the
second reactor. Next, a.second material comprising 25
parts by weight of styrene, 8.3 pérts of acrylonitrile,
66 .7 parts by weight of ethylbenzene, 0.15 part by
weight of t-dedecyl mercaptan and 0.03 part by weight of
1,1-bis(t-butylperoxy)-3,3,5~-trimethylcyclohexane was
continuously fed to the second reactor at 3.0 kg/hr.
Here, a ratio between the amounts of a rubbery polymer
in the first reactor and the second reactor (Y/X) was
0.7, and a ratio between the amounts of an organic
solvent in the first reactor and the second reactor
(S/T) was 0.0. In the second reactor, the
polymerization of the monomers was continuously carried
out, and the polymerization temperature was adjusted so
that the solid content at the outlet of the second

reactor might be 36% by weight with respect to the




—

This Sheet Has B

MW e

4 EU
B e

- 44 -

weight of the polymeric solution. At this time, the
polymerization temperature was 100°C. In the second
reactor, the rubbery polymer was inverted to a dispersed
phase to form the rubbery polymer particles. The poly-
meric solution continuously drawn from the second reac-
tor was fed to the third reactor, and'the pélymerization
in the third reactor was carried out so that the solid
content at the outlet of the third reactor might be 50%
by weight. -Next, the polymeric solution was passed
through a volatile component removal step and an extru-
sion step to form pellets. With regard to the thus
prepared rubber modified styrene resin, polymerization
conditions and the results of analysis and performance
evaluation are shown in Table 1. This resin was more
excellent in surface gloss and impact strength, particu-
larly more excellent in practical impact strength at
positions A and B of a molded article shown in Fig. 1,
as compared with the results of the undermentioned
comparative examples. In this connection, a weight
ratio of the rubbery particles to the styrene-acryloni-
trile copolymer was 11.4:11.5.

Example 10

Rubber modified styrene resins was prepared by the
same procedure as in Example 9 except that the
composition of a first material, the polymerization
temperature in a first reactor and the composition of a

second material were changed as shown in Table 1. A
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ratio between the amounts of a rubbery polymer in the
first reactor and a second reactor (¥/X) was 0.7, and a
ratio between the amounts of an organic solvent in the
first reactor and the second reactor (S/T) was 0.5.
Rubber particles were formed in the second reactor. The
results of the analysis and the performance'of the thus
obtained resin are shown in Table 1. In this
connection, a'weight ratio of the rubbery particles to a
étyrene-acrylonitrile copolymer formed by this
polymerization reaction in the first step was 11.4:11.5.

Example 11

Rubber modified styrene resins was prepared by the
same procedure as in Example 1 except that the
composition of a first material, the feed of the first
material, the polymerization temperature in a first
reactor, the composition of a second material and the
feed of the second material were changed as shown in
Table 1. A ratio between the amounts of a rubberf
polymer in the first reactor and a second reactor (Y/X)
was 0.5,.ahd a ratio between the amounts of an organic
solvent in the first reactor and the second reactor
(S/T) was 0.0. Rubber éarticles were formed in the
second reactor. The results of-the analysis and the
performahce of the thus obtained resin are shown in
Table 1. In this connection,.a weight ratio of the
rubbery particles to a styrene-acrylonitrile copolymer

formed by this polymerization reaction in the first step
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was 16.0:16.0.

Example 12

Rubber modified styrene resins was prepared by the
same procedure as in Example 9 except that the
composition of a first material, the feed of the first
material, the polymerization temperature in a first
reactor, the composition of a second material and the
feed of the second material were changed as shown in
Table 1. A ratio between the amounts of a rubbery
polymer in the first reactor and a second reactor (Y/X)
was 0.5, and a ratio between the amounts of an organic
solvent in the first reactor and the second reactor
(S/T) was 0.5. Rubber particles were formed in the
second reactor. The results of the analysis and the
performance of the thus obtained resin are shown in
Table 1. In this connection, a weight ratio of the
rubbery particles to a styrene-acrylonitrile copolymer
formed by this polymerization reaction in the first step
was 16.0:16.0.

Comparative Example S

Rubber modified styrene resins was prepared by the
use of the same polymerization device as in Exaﬁple 1
without carrying out prepolymerization. A material
comprising 54 parts by weight of styrene, 18 parts by
weight of acrylonitrile, 20 parts by weight of
ethylbenzene, 8 parts by weight of a rubbery polymer,

0.15 part by weight of t-dodecyl mercaptan and 0.03 part
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by weight of 1,1-bis(t-butylperoxy)-3,3,5-
trimethylcyclohexane was continuously fed to a first
reactor at 10 kxg/hr, and polymerization was carried out
at 110°C so-that a solid content at the outlet of the
first reactor might be 28% by weight with respect to the
weight of a polymeric solution. The compoéition of the
polymeric solution in the first reactor was the same as
that of thé polymeric solution in the second reactor. in
Example 1 except for the monomers and the produced
copolymer. Rubber particles were formed in the first
reactor.. It was also admitted that surface gloss was
lower than in Example 1 and impact.resistances particu-~
larly at positions A and B shown in Fig. 1 were low.
With regard to the thus obtained resin, polymerization
conditions and the results of analysis and performance
evaluation are shown in Table 1. In this connection, a
weight ratio of the rubbery particles to a styrene-
acrylonitfile copolymér formed by this polymerization
reaction in the first step was 8.0:20.0.

Comparative Example 6

Rubber modified styrene resins was prepared by the
same procedure as in Comparative Example 6 except that
the polymerization temperature in a first reactorx, the
solid content at the outlet of the first reActor and the
polymerization temperature in a second reactor were
changed as shown in Table 2. The éame polymeric

material as in Comparative Example 6 was used, and

\\



This Sheet Has Been RTi

WA

- 48 -

‘ THIS SHEET HAS BEEN “
g REPLACED

monomers were polymerized at 98°C in the first reactor
so that a solid content at the outlet of the first
reactor might be 16% by weight with respect to the
weight of a polymeric solution, and the monomers were
polymerized at 100°C in the second reactor so that a
solid content at the outlet of the second reactor might
be 36% by weight with respect to the weight of the
polymeric solution. In the first reacfbr, any rubber
particles were not formed, and in the second reactor,
the rubber particles were formed. The diameter of the
formed rubber particles was as large as 1.45 pm, and i

both the impact resistance and the surface gloss of the

rubber particles were inferior to those of Example 1.

The pqumerization conditions of the obtained resin are
shown in Table 2, and the results of the analysis and
the performance evaluation of the resin are shown in
Table 2. In this connection, a weight ratio of the
rubbery-particles to a styrene-acrylonitrile copolymer
formed by this polymerization reaction in the first step
was 8.0:8.0.

Example 13

The same procedure as in Example 9 was carried out

except that an initiator of Example 9 was replaced with
2,2-azobis(2-me£hylbutylonitrile) and this initiator was E
put in a first reactor and a second reactor every 0.018 !
parts by weight thereof. The experimental results are

shown in Table 1.
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As described above, the present invention is
connected with a process for preparing rubber modified
styrene resins having a higher impact resistance than in
a conventional method, and having remarkably improved
surface gloss. Rubber modified styrene resins according
to the present invention is applicable to various uses
of electric appliances such as electric washing
machines, air conditioners, eleptric refrigerators and
audio-visual equipments; general machines such as office
automation equipments, telephones, musical instrﬁments
and watches; miscellaneous goods such as toys,-cosmetic
containers and sheets; cars and housing materials.
Hence, rubber modified styrene resins of the present

invention has an extremely large industrial value.

-

i



Table 1

Example
Unit
1 2 3 4 5 6 ? 8 9 10 11 12 13
% Styrene wt. part 48 45 52 43 43 43 69 61.5 | 66.4 | 58.9 63 §5.5 | 66.4
N Acrylonitrile wt. part | 16 16 18 141 14 14 23 | 20.5 22,2 | 19.7 2 18.5 | 22.2
ot Ethyl benzene wt.part | 20} 20| 20| 35| 35| 35 0 10 0 10 0 10 0
5 & | Rubbery polymer wt.past | 16| 20| 10| 8| 8| 8| 8| 8 |mafrnal 16 | 16|14
‘.':"é..:.‘ Chain transfer agent (TDM) x 10 15 15 15 15 15 15 15 15 15 15 15 15 15
& 2 : wt. papt :
m‘E 5| Polymertzation inftiator x 10'E 3 3 3 3 3 3 3 3 3 3 3 3} 1.8
ol ] wt. part
Feed amount of the first kg/h 5 4 8| 5.2]5.7]5.2 7 l A I 5 5 7
polymweric material
Temperature of the first reactor °C 90 93 88 | 90 %0 | 90| 85 | 9 81 84 84 87 81
§ o Styrene wt. part 60 60 60 69 69 69 | 18.7 | 36.7 | 25.0 | 42.7 45 52,5 | 25.0
T Acrylonitrile wt.part | 20| 20| 20} 23| 23| 23| 6.3 | 12.3 | 8.3 ] 143 15 | 17.5] 8.3
o g‘ Ethyl benzene wt. part | 20| 20 20 0 0 0] 67 43 | 66.7 | 43.0 | 40 30 | 66.7 )
§2 Rubbery polymer wt. past 0 0 0 8 8 8 8 8 0 0 0 0 0 "
b 8.-; Chain transfer agent (TDM) x 10 15 15 15 15 15 15 15 15 15 15 15 15 15 o
wg— wt, pagt .
g & Polymerization inftiator X 10'E k! 3 3 3 3 3 3 3 3 3 K} 3 1.8 1
g5 wt. part
feed amount of the second kg/h 5 6 2143]2317.6 3 3 3 3 5 5 3
polymeric material
o Stylene-acrlonitrile wt. part 8 8 8 8] 10 6 8 8 8 8 8 8 8
s copolymer '
< % Styrene wt. part 48 48 48 48 43 53 48 48 48 48 48 48 48
2 | Acrylonitrile wt. part 16 16 16 16 14 18 16 16 16 16 16 16 16
85 g1 Ethyl benzene wt,opart | 20| 20| 20 ) 20} 25 15| - 20 20 20 20 20 20 20
v ~| Rubbery polymer ] owt. gait 8 8 8 8 8 8 8 8 8 8 8 8 8 e |
v 2| Chain transfer agent (TOH) x 107 15 15 15 15 15 15 15 15 15 15 15 15 15 —
§2§ wt. papt — ) 0
SE 8] Polymerization initiator x 10 3 3 3 3 3 3 3 3 3 3 3 3 3 —3 I
wt. part ‘—{I.‘ )
. ' — 5 W
Temperature of the second reactor ¢ 100 | 100 | 100.| 100 | 98 [ 102 [ 100 | 100 | 100 { 100 | 100 | 100 | 100 — r=|?| T
P m
Amount of the first polymeric wt % 100 150 | 25| 75} 40| 133 | 43 43 43 43 ] 100 | 100 43 —§ -12‘1}
ma%erials/Amount tl)f the second —— ?) -
polymer{c materia —
—f Ll
o vy]
- to be continued - = m
z.




Table 1 (cont'd.)

1.4

Example
Unit
i 2 k) 4 5 6 7 8 9 10 11 12 13
5 /| Outlet of the first reactor wt.% 3 40 24 22 22 22 19 19 [ 29712294 32 32 | 2.9
‘év"g Qutlet of the second reactor wt.¥ 36 36 36 36 36 36 36 36 36 36 36 36 36
Emw .
Eé 2 2| Outlet of the third reactor wt.% 50 50 50 50 50 50 50 50 50 50 50 50 50
State of The first reactor x; Not phase X X X X X X x X X X x X x
" rubber {nvers fon
particles | The second reactor 0; Phase o 0 0 o 0 0 0 0 0 0 [ 0 0
fnverstion
Content of rubbery polymer in wt.% 16 20 20 8 8 8 8 8 11.4 | 11,4 16 16 11.4
the first reactor (X)
Content of rubbery polymer in wt.% 8 8 8 8 8 8 8 8 8.0 ] 8.0 8 8 8.0
the second reactor (Y) .
Y/X - 0.5 0.4 0.8 1 1 1 1 1 0.7 0.7 0.5 0.5 0.7
Content of organic solvent in T ot 20 20 20 35 35 35 0 10 0 10 0 10 0
the first reactor (S) '
Content of organic solvent in wt. ¥ 20 20 .20 20 25 15 20 20 20 20 20 20 20
the second reactor (T)
S/t - 1 1 1 | 1.75 1.4 { 2.33 0 0.5 0 0.5 0 0.5 0
Rubbe?y polymer content of the wt. % 16.1 | 16.0 15.9 15.9 | 16.0 | 16.1 | 16.1 | 15.9 { 15.9 | 16.0 | 15.8 | 16.2 | 16.0
resin _
Average diameter of rubber am 0.52 | 0.56 } 0,67 | 0.51 | 0.72 { 0.53 | 0.48 { 0.50 | 0.49 | 0.51 | 0.52 | 0.53 } 0.59
particles
Surface gloss L] 87.7 | 85.2 | 81.3 | 95.2| 88.1 | 87.8 | 89.3 | 85.5 | 95.1 | 93,0 | 93.9 | 93.1 § 75.6
Surface gloss (the position A) % 69.7 | 68.6 | 64.5 | 77.8 | 70.4 | 70.2 | 72.4 | 69.3 | 79.0 | 79.4 | 80.1 | 79.7 | 66.2
Surface gloss (the position 8) 18.81726.9|72.8189.518.5]77.9|79.71}77.2)890.8]87.5}88.8]|87.2]|71.4
Surface gloss (the position C) % 87.7 | 85.2 | 81.3 | 95.2188.1|87.8}89.3/|85.5]951]93.0]93.9]|93.1]75.6
lzod impact strength kg-cm/cm 12.4 | 12.7 | 13.2 ] 13.5 | 14.1 | 13.6 | 19.4 | 16.1 | 26.3 | 23.2 | 24.8 | 24.2 | 15.9
Practical impact strength kg-cm . 69 66 70 73 7 175 68 68 85 81 84 82 65
(the position A)
Practical impact strength kg-cm 83 84 87 88 83 86 85 79 97 91 95 90 77
(the position 8)
Practical impact strength kg-cm 91 92 95 95 93 94 96 85 | 105 | 100 ] 103 | 101 82
(the position C) .
Flow rate of rasin (MF1) ¢/10 min, 2.1 221 21 4.1 4,9 3.0 1.5% 1.7 1.3} 1.5 1.6 1.3

IS

L

oY usag sey je0ug sy

. 5
HS SIHL

.y
S=t

e
Na3a SvH 133




Table 2

Comparative Example

materials/Amount of the second
polymeric material

Unit
: 1 2 3 ] 5 6
& Styrene wt.part | 53.7 | 37.5| 43 | 43 | 54 | 54
- Acrylonitrile wt. part | 172.9 { 12.5 14 14 18 18
°g Ethy! benzene wt, part | 20.0 | 20.0 | 35 35 20 20
& Rubbery polymer wt. pagt | 8.4 | 30.0 8 8 8 8
:S"é-; Chain transfer agent (TDM) x 10 15 15 15 15 15 15
@ 2 wt, past
# 8| Polymerization inftiator X 10‘E 3 3 3 3 3 3
ca wt. part
Food amount of the first ko/h 9.8 2.7 5.7 521 10 10
polymeric material :
Temperature of the first reactor °C 99 | 98 90 90 110 98
8, | Styrene wt.part | 60 | 60 | 69 | 69 0 0
N Acrylonitrile wt, part 20 20 23 23 0 0
° & Ethyl benzene wt. part 20 20 0 0 0 0
g2 Rubbery polymer wt. papt 0 0 8 8 0 0
‘= 8~/ Chain transfer agent (TDM) x 10 15 15 15 15 0 0
2ol wt. past
§8§ Polymerization initiator x 107 3. 3 3 3 0 0
3 3 wt. part
W wn
feed amount of the second kg/h 0.5 | 6.3 | 17.1] 0.34 0 0
polymeric material
Stylene-acrionitrile wt. part 8 8 2.0 | 13,2 20 8
12 copo lymer
+ Styrene wt. part | 48 48 | 60.9 | 34.3 | 39 418
' , 8| Acrylonitrile wt. part [ 16 16 2.3 11.5] 13 16
g§ & B Ethyl benzene wt,opart | 20 | 20 | 8.8|33.0) 2 | 20
= | Rubbery polymer wt. papt 8 8 8 8 8 8
-0 Chain transfer agent (YOM) x 10 15 15 15 15 15 15
4;,% wt. pgrz‘t
<= 3! Polymerization initiator x 10 3 3 3 3 3 3
R wt. part
Temperature of the second reactor °C 100 | 100 115 | 111 90 100
Amount of the first polymeric wt % 5 233 300 6 0 0
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Table 2 (cont'd.)

Comparat ive Example

Unit
1 2 -3 4 5 6
%5  w| Outlet of the first reactor wt.X 17 60 22 22 28 16
S| outiet of the second reactor wt.% 36 [ 3 | 36 | 36 | 36 | 36
83 9| outlet of the third reactor W% so | s0 | s0 | s0 | so-| s0
State of The first reactor x; Not phase X . X X X o %
rubbery inversion
particles | The second reactor 0; Phase 0 o 0 o X 0
inverstion
Content of rubbery polymer in wt.% 8.4 30 8 8 8 8
the first reactor (X
Content of rubbery polymer fn wi.% 8.0 8 8 8 8 8
the second reactor (Y) .
Y/X - 0.95 | 0.27 1 1 1 1
Content of organic solvent in wt.% 20 20 } 35.0 ] 35.0} 20 20
the first reactor (S) .
Content of organic solvent in wt.% 20 20 ) 8.75 ] 33.0{ 20 20
the second reactor (T)
ST - 1 1 4.0} 1.06 1 1
Rubbezy polymer content of the wt.% 16,0 { 15.8 | 15.9 | 16.1 | 15.9 | 16.1
resin
Average diameter of rubber pm 0.96 | 0.79 | 0,89 | 1.95 | 0.50 | 1.45
particles
Surface gloss ] 67.4 | 76.7 | 63.3 | 69.9 | 87.9 | 59.9
Surface gloss (the position A) % 54.2 | 53.3 | 50.7 | 57.2 | 69.3 | 46.8
" Surface gloss (the position B8) X 61.5 { 62.5 | 62.4 | 63.5 ] 717.2 | 52.6
Surface gloss (the position C) % 67.4 | 76.7 | 63.3 | 69.9 | 87.9 | 59.9
1z0d impact strength kgeem/em | 10.9 | 10.2 | 9.6 | 8.5 11.2 | 11.5
Practical impact strength kg-cm 4} 26 25 22 a3 33
(the position A)
Practical impact strength kg-cm 54 53 47 50 55 58
(the position 8)
Practical impact strength kg-cm 73 70 58 69 71 15
(the position C)
Cla,, masdan Af parin NETY nli0 min 2.2 ?.3 ‘.3 5.?. 2-1 2.5

1
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CLAIMS:

1. A process for continuously pieparing rubber modified
styrene resins via a continuous mass polymerization method
and/or a solution polymerization method in a serial
polymerization device comprising first and second reactors,
by the polymerization of ﬁonomers comprising either: (i)
styrene monomers and acrylonitrile monomers, or (ii)
styrene monomers, acrylonitrile monomers and an unsaturated
compound monomer adapted to co-polymerize with the
aforesaid monomers, in the presence of a rubbery polymer
and, preferably, an inert organic solvent, wherein a first
polymeric material selected from the monomers, the rubbery
polymer and, preferably, the solvent, is fed into the first
reactor in conditions adapted for the polymerization of the
monomers, where the rubbery polymer is not substantially
inverted to the dispersed phase, and the products of the
first reactor are fed into the second reactor together with
a second polymeric material selected from the monomers, the
rubbery polymer and, preferably, the solvent, in conditions
to invert the rubbery polymer to the dispersed phase within

the continuous styrene polymer and, further wherein, the

ratio of the second polymeric material to the first

polymeric material is in the range of 10% to 220% by

weight, preferably the ratio of the second polymeric

material to first polymeric material is in the range of 25%

* [ L " H *
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to 220% by weight, and preferably, the continuous
polymerization is carried out in the presence of a
polymerization initiator and, additionally, the
polymerization device may include further reactors.
2. The process of claim 1, wherein the second polymeric
material comprises at least one of the group comprising the
solvent, the rubbery polymer and each of the monomers, and
preferably, the second polymeric material contaiﬁs the
rubbefy polymer.
3. The process of claim 1, wherein the second polymeric
material comprises at least one of the monomers.
4. - The process of claim 1, wherein the second polymeric
material is the inert organic solvent..
5. The process of any one of claims 1 to 5, wherein the
rubbery polymer has a viscosity of 3 to 200 cp in a 5% by
weight styrene solution at 25°C, or, preferably, in the
range of~3 to.100 cp.
6. The proéess for éontinu?usly'preparing_;ubber modified
styrene resins according to any one of claims 1 to 5,
wherein in the first step, 0.001 to 2.0 parts by weight of
an organic peroxide is added to 100 parts by weight of the
monomers, and in the second step, 0. to 1.5 parts by weight

of the organic peroxide is added to 100 parts by weight of

the monomers.

7. A process according to any one of the preceding
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claims, wherein either,
(1) assuming the ratio of the rubbery polymer to the
polymeric solution in the first step to be X%t by

weight, and assuming the ratio of the rubbery

W

polymer to the polymeric solution in the second
step to be Y% by Qeight, the formula (I)
0.3 < ¥/X < 0.9 (I) T

is being met, or
(ii) assuming the ratio of the inert organic solvent
iD to the polymeric solution in the first step to be
"S% by weight, and assuming the ratio of the inert
organic solvent to the polymeric solution in the

second step to be T% by weight the formula (II)

1.1 < 8/7< 2.5 (IX)
15 is being met, or
(iid) assuming the ratio of the inert organic solvent

to the polymeric solution in the first step to be
‘8% by weight, and assqming the ratio of the inert
organic solvent to the polymeric solution in the
second step to be T% by weight, and where the
inert organic solvent comprises the second
polymeric material, the formula (III)
0 < S/T < 0.6 (III)
is being met, or

the conditions of (i) and (iii) are met, or
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(v) the conditions of (iii) or (iv) are met and the
ratio Y% by weight of the rubbery polymer in the
second step meets the formula (VI)
4 <Y < 20 (VI), or
(vi) the conditions of (iii), (iv) or (v) are met and
the ratio T% by weight of the inert organic
solvent in the second step meets the formula
(VII)
5 << 50 (VII).

8. A rubber modified styrene, with a surface gloss of

greater than 70% and an Izod impact strength of greater

than 12 kg.cm/cm.

9. The rubber modified styrene of claim 8, wherein the

surface gloss is greater -than 75%, preferablly 80%, or 85% -
15 or 90%, and/or the Izod impact strength is greater than 15

kg.cm/cm or 20 kg.cm/cm.

10. The rubber modified styrene of claims 8 or 9 produced

by the method of any one of claims 1 to 7.
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