il

P%cess For‘ Cont i nuously Preparing El.bb ®/ Medifindd St ﬁ(’e%&éﬁm‘s
BACKGROUND OF THE | NVENTI ON (a) Field of~the | nvention E THA TCEEN
i nvention rel ates _tb a process for preparing rubber nodifief T5i§8 5 E %
resi hs. Worespecifi cattys—it relates to a process for prepari. ng f

vt em——

nodi fi ed r |ch can provi de nol ded il e haV|ng exc¢1l ny .o

I npact rzﬁé’sfh%‘&ﬁas}? h surface gl oss. (b) ge? Fffl"()rl?' df"“{ 4

Rel at ed Ar ified styrene yesins has QNQM# 4R~ ?*9{
enul si on p thod, a continuous nass yrre |zat|on nefy hod og {,7
a sol ution poI yner i zat i on , @ ﬂ'&“ﬁ ‘ol mpt

PROCESS FOR CONTINUQUSLY PREPARING RUBBER

MCDIFIED STYRENE RESINS AND PRODU THEREODT,

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 styresne resips i'obtéjén
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continuous mass polymerlzat.l.on method or the so‘fl.u‘i‘*.o%i‘ff
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énbfhod. The rubber nodified styrene resins prepared by the emnulsion

polyneri zation is excellent in a balance between act resj - '

surface gless—but—since—this kind of nodified styrene resil fqg@}EEmQV&SBEEN
such as an enul sifying agent anl a di gpPLAGEHR,

| ar ge anoun.s_of | mpuriti,es

its hue is estilse B an'elacl%;dfacturing cost is high. In additi e
of the manuf H H e anount of waste water is dis- charged, which
has an adver n the environnent. On the other hand, with regard

to rubber nodified styrene resins obtai @ded by the conti nuous nmass

pol yneri zation nmethod or the. solution polynerization nmethod, there are
advant ages such as less inpurities, a |ow manufacturing cost and no waste
wat er, but the bal ance between an inpact resistance and surface gloss is
insufficientpolym@r+éeﬁhpau@§th9¢:iggﬁﬁeiﬂgetﬁéveapageé Bucheas tiess
physi cal properties,of the_ rubber dified styrene resins obtained by the
conti nuous nHRUBLELREri 2alPENmAREFRAEBF LR C8EURRENNBOFRAERI YaLESH

met hod, forlgfgnpﬁg, the fol -

impact resistance and/or the
surface gloss 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 polymerization method, for exam-
ple, theifollowing 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

*furthex increases,_so that the physical properties of
#fhe resin deteriorate. The reasons why the physical
,p;operties deteriorate are that the smaller the diameter
6£fthe rubber particles iéfrfhé higher the%;uffaéé dlqs% ;

3

L-the styrene resin is, and that the imbact resistanca



| owi ng net hods are known. Japanese Patent Publication No. 7343/1971
(which cor- responds to U.S. Pat. No. 3,658,946) disclosegs

whi ch prepolyrerzation is carried out in a first polyner
in a condltlon .Where a rubbery polynmer does not invert to

phase, and po m@mﬂhen done in a second pol ynerrzation reactor
to invert the ’ ner to the di spersed phase (a prepol ynerization
-2-

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%
styrene 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



nefhod). However, in the rubber nodif.ied styrene resins obtained by this
“met hod, the dianeter of rubber particles which can be cont
conventional technique is large, and when acrylonitrile ig| aafegHEDT HAS BEEN
pol yneri zati on system the dianeter of the rubber particlgs fur REPLACED
I ncreases, so that the physical properties of the resin dete=—Frorate—rAe—
reasons why the physical properties deteriorate are that the smaller the

di aneter of the rubber particles is, the higher the surface gloss of the
styrene resin is, and that the act~ resi stance appears specifically in a
suitable particle dianeter range peculiar to a certain resin. As a net hod
capabl e of solving such a problem Japanese Patent Lai d-open No.

118315/ 1988 has su sted that .con- version [n each of a prepolynerization
react or and ]é‘r&?as‘g'% erpéir&'?'ql&fct%eiéomrr dhedeFovementaiqfos of the

solid contents in_a.polynerizati.on solution in these reactors nmay be close
to each othér'® IHSW@\)‘&F} P?erFerT"r?psd ccad}ﬂﬂffrs]?aes PREAEL st eps, and’ so
operativity as a pragl Al At ded BMfilication No. 477764, another

method has been 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
This Sheet Has Been Rerlace«
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‘Nbréover, when copol ynerization with the acrylonitrile i S ealkied—out=—"re
di aneter of the rubber particles cannot be sufficiently canﬁmgkhﬁﬁﬁkaﬁﬂBEEN
| ar gg particles are fornmed, so that the physical p‘opert:EBLACED

det e Japanese Patent Application Laid-open No. TESFEFFI—wWnIC

corr§ gs to U.S. Pat. No. 5,244,977) discloses a nmethod in which a high
Vi sc bbery polynmer having a viscosity of 400 to 2000 cP im a 5 w %
styr olution at 25 C. is used under the control of ﬁggghget%egpﬁaﬂaic& a

pol y *¢ solution in a prepol yneri zat ion reactor and a A}
reacBgis: In this nmethod, the rubbery polyner is scarcel yT Eﬂlﬂ%ﬂ mur

nonofers at the tine of the prepa- ration of a polyneric | an
oper ati ve problem such as the difficult stirring of the polynmeric solution

is present due to the high viscosity of the polymerization system

Furthermore, since exihgTBlkseditdl iMARSEaPALLC B AL L Bl sd}Ened

I nprovenent of the physical properties cannot be expecied:
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 coﬁpleted 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



l.n EP Unexam ned Publication No. 477764, another nethod has been suggested

I n which a polynerization tenperature until [ [
mai ntained at 90 C. or less by the use of a plug-flov ?5%§§E%ﬁ§@é§P§§Pi”n
reactor, and polynerization is then carried out int

pol ybut adi ene by the use of an organic peroxide having a high graft

activity, i.e., a half-life period of 20 mnutes or less at 90 C. to
prepare a resin having a rubber particle
- 6 -
comprising

(1) a first step of feeding a polymeric material to the
first reactor (hereinafter referred to as the first
polymeric marerial) 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 materiel.to-the second
and later reactors (herelnafter referred to as the
second polymerlc material) to contlnuously 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
.remerkably improved. Main row materials for
polfmerization (moromers, 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.

‘This Sheet Has Been Replaced
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di ameter of 0.5 [err] or less and ‘a high graft ratio. However, in this
met hod, the plug-flow type polynerization reactor is used |n a phase

i nversion step, and thus it is inpossible to strictfs Fre—Frabfer
particle dianeter, so that giant rubber particles §H§h$HE5WH SEEEMeq and
surface gloss is not sufficiently inproved. In tHe conPERLAGKR

t echni ques descri bed above, the nulti-reactor polynmer usi ng

two or nore reactors is enployed, and +n7the first reactor t he pol yner -

i zation is carried out under conditions where the rubbery polyner does not
invert to the dispersed phase. Next, in the second reactor, the rubbery
polynmer is inverted to the dlspersed phase. However, in the second and

| ater reactors, a prd%%SStxﬁeQ&km¢@P$ﬁéspﬂhyﬁﬁrFénnh?e¥$8¢ in the psegeait-

I zation systen1has not been enpl oyed so far. SUWRRY OF THE
| N\VENTI ON MWt §hﬂkﬁnb§suﬂ%geaﬁoHBﬁéFBHaFEQeQFEHaﬁ}Fh t he

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
50 to 95 parts by weight with respect to 160 parts by
_yeight 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 (II]

This Sheet Has Been

T
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integ;;gg+ggﬁ%9Lylgg,Lhe above problens, and as a result, a surprisi
has . That is to say, in preparing rubber nodified styrene resins
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polyneﬁg s if after a step of carryi
condi - t rubbery polynmer is not su
di sperse , a rubbery polynmer is inverted t
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conprising nononers for use in a polynerization . reaction, the rubbery
pol ynmer, an inert organic solvent and the Iike, there can be obtained the
rubbery nodified styrene resins which can provide nolded articles having a

remar kably i nproved inpact resistance and surface gl oss. The present
i nvention has now been com _pl et edRon the basis of this finding.
HaC ™= C_ {I1)

C=N
(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



REPLACENENT SHEET -4- That is to say, the
‘present invention is directed to a process for continuousl
rubber nodified styrene resins from styrene nononers, e Q)heterri ih &S BEEN
nononers and the like in the presence of a rubbery poI_ | RepEAoEdance
W th a continuous mass pol ynerizati on nethod and/or a ii-an
pol yneri zati on nmethod by the use of a serial polynerization device
conprising two or nore reactors; sakdgprocess for continuously preparing
rubber nodified styrene resins com prising (1) a first step of feeding a
polymeric material to the first reactor (hereinafter referred to as
the first polyneric

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-
prqpylene copolYmer and ethylene—propyleﬁe-diene.
copolymer. More preferable are polybutadiene and

styrene-butadiene copolymer. With regard to the

'.styrene-butadiene cobolymer, a styrene-butadiene block
éopolymer in which a styrene moiety gnd a2 butadiene
m,“ety are separated from each other is particularly
referable. A solution viscosity of the rubbery polymer
n the range of from 3 to 200 cP, preferably from 3

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

8 Styrene solution having a rubbery polymer
Sheet Has Been Re] laced
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material) to carry out the polynerization of the nono- mers under

. conditions where the rubbery polyner is not substantial |y _inverted\to
t he di Spersed phase, and a second step of addi ng=e0] ' :

to the This shee A Hie skt er reactors (hereinafter re ATFE!
second po jjpl ) to continuously carry out are
pol yneri z%ﬂﬂﬁﬂ!ﬂ‘ BH&B noners and to thus invert e rubbery pol yner
to the di .’ i(2) aratio of the added materials to the
materials used in the first step WGirRg in the range of from 10 to 220%
by wei ght, whereby inpact resistance and surface gl oss can be renark-
ably inproved. Main raw materials for polynerization (nononmers, rubbery

pol ymer and inert solvent) are referred to as "Polyneric material” in the

present specibhexny ipmlymelr ctaihe. used is BRIELFLPESCRERE| CANGE HEE DRAW NG

from 4 to 50 parts by weight, preferably from 4 to 20
part§ by weight with respect to 100 parts by weight of
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, because 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

lymerization conversion. For example, in the case



FIG 1 shows the shape of a test piece used to evaluate the surface gl oss

“of nolded articles of rubber nodified styrene resins obtai ned_bythe

present invention, and FIG 1 ([err]) is a plan view and Fl {5 +dis(SHEETHAS BEEN
sectional view. DESCRI PTI ON OF THE PREFERRED REPLACED

u

A

ENVMBQODI I\/EI\FI'SThlsmetﬂzi/BemEﬁcdorrers whi ch can be used in the

i nvention mﬂ“ Hﬁﬁ“ unsat urated aromatic conpound,

polymerization is carried out at 50-100°C, the organic

- 11 -~

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



particularly styrene or its derivative represented by the fornmula [1]
[err] (wherein Rlerr] is hydrogen, an alkyl group havi .
atonge or a halogen; and R err] is hydrogen, an al kyl group Thé&Bh ET HAS BFEN
carb atornsq-h@sﬁwlmgaeepkﬁﬁ% unsat ur at ed hydrocarbon havjing 1R LGER ho

at ong, which or different). Exanples of thestyrene
monogers i ncl zﬂm rr]-nmethyl styrene, o-nethylstyrene, mne-
thyl $tyrene, yrene, a halogenatqg styrene, t-butyl- styrene,
vi nyk xyl ene and d|V|nbeenzene Above aiTIl styrene, [err]-nethylstyrene,

p-net hyl styrene are preferably used, and styrene and [err]-nethyl styrene
are particularly preferably

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



Jused. These styrene nononers can be used singly or in conbination. The

annuht pf styrene nononers is usually in the range of from qgggfﬁggi 1SBEEN_}

-pref“ably’TTBﬁTEﬁgto 95 parts by weight with re
c Q’She@?ﬂafsb&nt{@ma:ledv\el ght of the respective nononges—iA.thHe 77"

poly 1o onltrlle mononer which can be used in the
pres i nvenﬂmﬂ(ll at urat ed conpound having a nitrile group
repr hted b [11] [err]

(whe n Rlerr] is as defined-above). Eiaﬁﬁlés of acrylonitrile nononers
[ acrylonitrile, nmethacrylonitrile and [err]-chloroacrylonitrile, and
til'arly preferable are acry- lonitrile and nmethacrylonitrile. These

.Fhitrileso U8nt is preferably added, and the addition of the

B 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
adjustment 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



ners can be used singly or in conmbination. The anount of acrylonitrile
nononers to bhe used is usually-in the range of from3 to 45 parts
by megght preferabl fron110 to 35 parts by weight with g
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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



trile nonomers which can be used in the present invention, there can
usual | y be—used known unsat urated conpounds capabl e of copaol ==

styrenes and acrylonitriles. Exanples of the unsaturated caj SHEEﬁUm&BEEN
incIEde al ky™s ia3 Been Beplacedl monomers such as nmet hyl net haclfy- | REPLAGER/| ,
nethacrylatei te, ethyl acrylate and n-butyl a ;

mal ei m de nonm n- phenyl ma- | ei m de, n-nethyl phenyl mal ei m de,

n- cycl ohexyl mal ei m de and n- et hyl nal ei m.de, and unsaturated carboxylic acid
derivatives such as nal ei ¢ anhydride, "acrylic acid and meth- acrylic acid.
These unsaturated conpound nononers are not always used, or they nmay be
used singly or in conbination. Anong these unsaturated conpound nononers,

met hyl net ha(f();g be e gl eiopiede, 1angk |eeiffbﬁ,{w<}lhib@,%rab§rti_
% g@é. Sﬂ%n ne?ﬁﬁ E&

particul arly~prefera nmet hac ate 1s used, the hardness of

an obtained Lgaish Gy RALTRIOWGE 1414 TdaaiaddTalLisH dhd Tangedorheat
resistance can bé improved: and when nal ei ¢ anhydride is used, heat
resi stance aggdom 50 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



weat hering resi stance can be inproved. Each of These unsat- urated conpound
nononmers can be used in the rangeThi SHett®fas Beeh Rephided?dr t S by wei ght wi

respect to 100 parts by wei ght of t”'!!&)m | % of the r $ €7 HAS BEEN
nononers in the polyneric nmaterial . Mljﬂ'exarrpl es of & r

pol ymer which can be used in the pre n-include pa

i so- prene-butadi ene copol yner, styrene-butadi ene copol yner,
acrylonitrile-butadi ene copolymner, _ethylene-propyl ene copolynmer and

et hyl ene- propyl ene-di ene copol yner ™ kBr e pref erabl e are pol ybut adi ene and

styrene-but adi ene copoly- nmer. Wth regard to the styrene-butadi ene
copol yner, a styrene-butadi ene bl ock copolyner in which a styrene noi- ety

d b ' ' ed,t h ] l.cul arl
ot of or abIR TR Tt vt CadoPey EhF heBREERA pRARE 1A e PROMRH T Y e o
from3 19400 &% HETAIRLYy b8 mer to the produced styrene- :

acrylonitrile copolymer, and for example, if the volume

of the styrene-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
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REPLACEMENT SHEET
3 to 100 CP, nore preferably from5 to 50 cP, as neasured
sol ution having a rubbery polynmer concentration of 5% by
anount of the rubbery polynmer to be wused is usually in th
to 50 parts by weight. preferably from4 to 20 parts by
respect to 100 parts by weight of the total weight of the

nmers in the polyneric naterial. I n thgpresent invention,

7
in a styrene

HOR sHEEFHAS BEEN

rangepLAl epm 4
gt

‘respective nono-

a

pol ymeri zation initiator is preferably used. Exanples of the

pol yneri zation initiator

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 polymerlzatlon initiator, and the
like so as to maintain the volume ratio of the 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 Rep ]a.ed

LTI




i.ncl ude organic peroxi des such as benzoyl peroxide, |auroyl
t-butyl peroxyR\aheatifs BtenRaplyded per oxybenzoate, t-butyl P s

t-butyl peroxyoc ' er- oxyoctoate and 1, 1-bi s( qbu$§}ﬁﬁT¢M¥®BEéN
3,3,5-trimethyl cﬂm ' and azo conpounds such as 2}
ronitrile, 2,2 - [ - | butyronitrile) and 2, 2- :

2- az RERLAGHEIIL v-
azobi s(2, 4-di nethyl valeronitrile). However, .the organic peroxide is nore
pref erabl e, because its enploynent easily |leads to a high graft
efficiency. Furthernore, the polynmer- -il&tion initiator to be used can be .
selected in consideration of the tenperature of a reactor to which the
polynerization initiator is added, the average residence tine of a
polymeric solution and a desired polynerization conversion. For exanple,
in the case that the organicibﬁroxi GiatQr, fesompRE L1t E8Ny FRRFYARFoN
el ecte t he basis of

initiator, the ponnerizatioQ i.nitiator, can be £ og
its half-life period. It is pitefer G248 AR Srﬁgﬂf aB roxi de having a

ha:f-life period of from1 T&qqteIBQt%angr%oﬁEegQrgii$R the case that the
- polyneri za- .

£: 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



tlon Is carried out at 50-100[err]C, an organi c peroxide
hal f-1ife period of from10 mnutes to 20 hours at 90[er |gpé@h&#ﬁhBéEN
that the polynerization is carried out at 70[err]-140[erfl]] C, AEpPMCED ‘
organi ¢ peroxide having a half-life period of 5 hours or\gyﬁgzat=9@=ff=??F:;
the case that the polyner- ization is carried out at 120-180[err]C.

Pref erabl e exanpl es of the organic peroxide include t-butyl

per oxypi val ate, t-butyl peroxy(2- ethylhexanoate) and

1, 1-bi s(t-butyl peroxy)-3,3,5- trimeth?cycl ohexane, and p n Replaced
preferable are t-butyl peroxy(2-ethyl hexanoate) and

1, 1-bis(t-butyl peroxy)-3, 3, 5- trlnethylcyclohexane The a

polynerlzatlon |rnt|atort()éﬁkuse in the range of rom

5.0 par M RRETEIRAYMSR dfr ﬁ#%%%eéoﬁ ?%eB 5 parts by

In the second step, at least one of the inert

ANSE T
solvent, the monomers and the rubbery polymer as well agq

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



melght nore preferably fromO0.001 to 2.0 with respect to 100 parts by

wei ght of the total—weight—of—the respectlve nononmers in

he

polvnmeric

material. In the present |n en- tion. it is preferred thft

4B

the

%—EET HAE% EBEN H

pol yreri zat i omhis Shegti
and the second

step, the anDu

?blded into two portions fof
are then used. In this cas
I c peroxide to be added is in the range of

fromO0.001 to 2.0 parts by wei ght, prejgrably from0.001 to 1.0 part by

weight with regard to 100 parts by wei ght of the nmononers,

an

din the

second step, the anobunt of the organic peroxide to be added Is in the range
of fromO to 1.5 parts by weight, preferably fromO to 1.0 part by wei ght

with 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 comprises

the monomers, the inert organic solvent and the rubbery

polymer, the obtained resin has a perfornance 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



regard to 100 parts by wei ght of the nonomers. An inert organic sol vent
t—haae

5 whi ch can be used in the present invention neans a conpoup. =

- pol yneri zabl e unsaturated bond,. and exanples of the inert ongg@HEE$®UW%BEETJ
i ncl ude benzene, Ths&u@ ed et hyl benzene, acetone, [{sopr opsPiACERRne_
and net hyl ethyl " Wmﬁ ticularly preferable are
toluene. If a Iar e i-nert organic solvent is used, the
pol ymeri zati on rate |s |nh|b|ted so that productivity deteriorates. In
addition, in the case that the rubbeny'ﬂgLyner is inverted into the
dispersed phase, the particles of the rubbery polyner are liable to cohere
during the polynerization. Mireover, due to the chain transfer properties
of the inert organic solvent, the polynerization of the nononers to the
rubbery pol wige iofe.frol Areftio PRIV ZALil is disturbed, if a large
amount of the inert organic solvent is used. Therefore, in the reactor in
whi ch the rubber is Dptailleat akfedencensuntl dfe arld ey tthey gAUNtS YV &He t O

be used is usually from5 to 50 parts by
second material to be added in the present invention.

(1) A caee 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
polymerie 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

weliaht. and acenmina +ha vabkin AF &l 2aacs



meibht, preferably from 10 to 30 parts by wei ght, nore preferam
“to 30 parts by weight with resp WHGCB eblacedy wei glat=ef1]

'%ﬁEEN !
wei ght of the respective nono- meric nauéﬂﬂ%ﬁH gte firg
step, the addition of the inert. of is not I =i
the second step, the inert organic solvent |s preferabl ‘
addition of the inert organic solvent makes the control of the
pol ynmeri zation reacti on easy and the viscosity of the polyneric solution
| ower. In consequence, the transfer of 2Ze- polyneric solution and the |ike
I s easy, so that the -9-

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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operativity of the manufacturing process becones good and the adjustnent of
a nol ecul ar wei ght al so becones sﬁsubhe&wnR c¢dhe present invention, for

t he sake of the adjustnent of th1 ﬂm N ght of the=

styrene-acrylonitrile copol yner of known QhaiHs SHEETSHAP BEEN
agents can be used. For exanple, known chem cal conpound suchREE‘BcﬁBdecv
nmer capt an, n-dodecyl nercaptan and n-octyl nercaptan can* Gsed.The chai n
transfer agent can also be divided into two portions, and they can be then
added to the first step and the secomd % ep. The ampunt of the chain
transfer agent to be added depends upon its chain transfer ability and the
desired nol ecul ar wei ght of an obtained product, but it is usually in the
range of fromO0.01 tQ 2.Q parts b i ght with respe to 100 parts by

wei ght of the total ¢ ﬁBlgﬁt ofckﬁ%¥yﬁgﬁggki e nonorer S n t he pol ymeric

mat eri al . The rea arsg %/gg i n t he preseg&llnventlon are not
limted to specific 9pe reactors ut™ f'or exanpl e, cony

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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pl ete m xing type reactors, tube type or colum type reactors can be used.

As the reactor which can be used in the phase I nver si on st

m xi ng type reactor is prefer- dbjsghee Cﬂbelng easl @@WEW@U“EBEEN
di anmeter of the formed rubber par |ng a high al ?Iﬁ&PiKCEEH-

formy mx the polyneric solutlon
used in the present invention is preferably tmn or nore, particularly
preferably in the range of from2 to 5 in both of the first step and the
second st ep. In order to carry out stir?#ng for the pol ymerization
reaction, known stirring blades such as a paddl e bl ade, a turbine blade, a
propel ' er blade, a pfaudlar blade, a |attice blade, a gate bl ade and a

hel i cal ribbon blad b d, _and the b d '
conbi nat | on.  FNhet iOEEORS cLh B SoA BESERB | RUFnetr GTh BF BFe"

21 ot a0 R Snd IS LELABE L BUEedRoEEP. pOheFPRRLPLEILE,
polymeric sol yd Othe rAMMELY SORMELN%AOLRE ARHstNEnbl Kol steps has
an influence on the product.

The ratio of the inert organic solvant 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 that 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 cantrolled 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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it is usually in the range of from10 rpmto 600 rpm

the first stepis in the range of from50[err] to 140[err]C., preferably

from
50[ er
secon
reac-
i nver

step uti
tors as |

to 110herdldGasHach Eeh@dea0f the second step is in th e Ol _ 1T
i Shie Has © preferably from50 to 140] mﬂ'.*ggﬂizéﬁggEN
mﬁ “ﬁm !‘rsi on reactor and one or nore jpol yned n

The tenperature of

to 180

- 25 -

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. .

ation reactors, the tenperature of the first
ion reactor is in the range of fromb50[err] to 140[err]C.,



C for the sake of the contro

preferably from80[err] to 120[err]C. f
et demReplacedeact or s i SiR—tlrE—F2

formed rubber particles, and th&ts

from50 to 180[err]C., preferabli - to 140[ err||Gris SHEETt
present invention, an average re each step iis usuBEP
suitably in the range of fromO0.2 to 5 hours. |f the average dence tine

is less than 0.2 hour, a phenonenon takes place in which the polyneric

mat eri al passes through the reactor wthout being sufficiently poly-
merized, so that a product having poor %ﬁyﬁical properties is obtained. If
the average residence tine is nore than 5 hours, production di mnishes, the
manuf acturing cost of the resin increases, and productivity deteriorates.

R R e s i Tt L TR
e Pherns 60 U GO O RSN oGNP 00t |
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,



Jubbery polyner forms a continuous ptiase and the styrene- a

copol yner forns the tiisdeh feBRSHcdgn t he pol yneric sol g

fact p-be easily co rving the polyneric H
opt i Croscope. H Ery procedure for keef . -
wher rubbery poly t stantially inverted e di spersed

| be descri bed. In general,: a main factor by which the rubbery

s inverted to the dispersed phase is a volune ratio of the rubbery
o the produced styrene-acryl eni2ri4 e copol yner, and for exanple,

| ume of the styrene- acrylonitrile copolynmer exceeds 230% of that
bbery polyner in the polyneric solution, the phase inversion takes

pl ac erefore, it is preferable to control the volung of the polymer

prod in the Polymenigation ie cangdmied nyk it & fesigrd ;ﬂ%‘rlg?%ry 50

to 2 nore preferably 100 to 150 of the volume of fhe rubbery polyner in

Eﬂe meri dzedien GomY SRRy Of BARE QRARN $nc 5 0rf 4 DTS ratio of
e

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



rubbery pol yner—t+e—the—styrene-acrylonitrile copolyner is not practical,

ek Ref1ka 0 Of the rubbery polymer tg_the

and so in geneﬁﬁl'
styrene-acryl o

wei ght ratio sub

s BN
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pol ymeri zation t
50[err] to 140[err]C., preferably from50 to 110[err]C
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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,

is controlled. It can be p %%ﬂg%ﬁEE?
Tmm‘tl mresponds to the above vol une EPLA
the first step is in the range—eLgipe A i
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f the po|yneanaLLgﬂ_ngngglgég_is | ess than 50[err]C., the '
polymerization rate is inhibite so that productivity d |

if it is nore tﬁhnsmﬁﬂhgsﬁmac &gjt pol ymeri zati on scarcerTgﬁpsmsfrHNSBﬁEN

i npact reS|stanc P average residence tine |E t he REPEACEPep |su
suitably in the r ,l -2 to 5 hours, as a usual ! =t order
to inhibit the polynerlza 'f the no gnEers in the first step so that the
vol ume of the obtained polynmer may be ifi"the range of from 10 to 230% of

t he vol une of the rubbery polyner, the polynerization rate in the first
step should be controlled by a known polynerization rate control technique

of sui tably a5l ecldiik 1difepl YORELERLL Ofel SIgEERTOLYT And | BRakbNd and the
concentration of polynerlzatlon Ini- tiator, and the like so as to maintain

t he vol une wshfalofecm@rﬁgro@@ce@bﬁéﬁﬁﬁ%@ﬁiﬂé@ﬂﬁ&I.@sceﬁﬁwaer to that of
t he rubbery polyner 1n the above range. As a technique for controlling
t he pol yner iszadomat ici eaquimeoty retékaphones aded Rpuspoabe cal cul ated from

the foll owi ng
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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formula, as described in P. J. FIory, "Principles of Polymer Chem stry",

Japanese Edition, "Pol y- meri zati op—React+on
Unsat ur at ed Nbﬁnmﬁmaﬁh% Rad|cal Nbchanlsnf parti clll risyS

t hereto. The p Eéactlon proceeds in accorjdanceREPL
fol |l ow ng react| Initial reaction:

R ->RM Uon_3oMeH]-tM>MeH]

Term nation reactlon _ M +M >P The pol ynerization rate can be
determined fromthe follow ng formul a

reactor at 5.0 kg/hr by the use of a plunger pump, and
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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pol ymeri zati on t) k[err] (t) and f of the nononers and the
initiator to be used are ern)ned by gxperlnents or fromliterature
val ues. After

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




the decision of a desired conversion and average residence tine, a
conbination of the initiator concentration and the polynerﬂggéiﬁas

t enper at ur e Swhit Stabt@las Been Répaceieci ded val ues can be cal cul a eﬁMQMHBEHWASBEEN\\
condi tions for e inversion in the first reactior cargbEAGED.
According to t mumﬁnnnmgson skilled in the art can eastty-caleurate
the pol yneri zat' a e polynerig,solution continuously drawn from

the first step is-continuously fed to'tﬁ% first reactor of the respective
reactors constituting the second step. The process of the present

i nvention conprises the first step in which the above polyneric material is

fed to the fdSALISACLAL pR00LA NEnsBAGHTS Sva1 £cPObY BBRKBRENL :AByAINTI ti on

where t he rubbery pol yner y tnverted to the di spersed

phase; and tdeagesnddasgt &Pt ihs b COt&PerHOFYPRI b1 MBI al is added to the
second and |l ater reactors to continue the polynerization of the nonomers,

thereby inverting theitnbbefardotyneubbértMeddf sear se¢rphaseesins,

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.



kn the second step, at |east one Q%E n%rt organlc sol vent,__the mononers

and the rubbery polyner as well ed t he pol WPLisZald B HAS BEEN
initiator and the chain transfer to a pipelffor t REPLACED
pol ymeric sol uti on com ng frontthe another pily '

first reactor constituting the second step In this case, it is | mpor t ant
that the ratio of the second polyneric jmterial to the first . polyneric
material is in the range of 10 to 220% by wei ght . The ratio of the second
polynmeric material to the first polyneric material is in the range of from
10 to 220% by

(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—meld 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 wieh 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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wei ght, preferably from25 to 220% by wei ght, nore pref- erably from25 to
160% by wei ght . I f the above ratio is in excess of 10% by MPInht Lt
easy to control the shape of the rubbery polyner particle T Es&q&hlEEN
step, and the surface gloss of nolded articles is conveni@ntly hggbACED t he
above ratio is |less than 220% by wei ght, the sufficient a

pol ynmeric solution can be drawn fron1rh3 firrst step, and the graft pol ymer
produced in the first step can possess a suitably high concentration. Thus,
the effect of the graft polyner produced in the first step can be

conveni ently sufficj Entlx util zed ghe SS cond polymeric material to be
added is at W%%%?go FhERR 7 %V? B AhFe ol vent, the monomers and the

rubbery pol ymer. a a ) in the case that the second pol ymeric
mat erial conprises tg gﬁﬁgg% %rgéﬁlc sol vent and the nononers, the

concentration of thegiHRBEI¥oRPEYEE' 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 Reﬂlac
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high and that of the inert organic solvent is lowin the first step, and so
a graft reaction proceeds in the first sté‘}JSSh;etdmalm'gnﬁ:ede

gl oss and hi gh inpact resis- tance. (B) the s dmmﬁSHEETHASBEEN
pol ymeric material conprises the nononers poly tARPLACED
concentration of the inert organic sol vent |s fIrSt“ELUp, and
so the nol ecul ar wei ght of the copol yner produced |n the first step can be
decreased to obtain a resin having excel Bgnt- fluidity. (C) In the case that
the second polyneric material conprises the inert organic solvent and the
rubbery polynmer, the concentration of the inert organic solvent is lowin
the first step, and so a graft hindrance reaction by the inert solvent in
the first stepesdstbacpr endnsvdfaceopilass wexrssbothawoarer ghampact
resistance. (D) In the case that the second polyneric material conprises
the nonorers, EkRBPLAeAt oABaRPBPaSRLENE ENaMPAE rdibBdey qemaandmatinn
obt ai ned resin _has a performance in the m ddl e of the above (A) to (CD I n
conpl i ance wi Pk the TYRPEITt PBAYNERJLER Kheadd&sds regetoxr 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 large.

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
wefe 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 uee of a plunger pump, and
the monomers were polymerized therein. In this case, a

polymerization temperature was adjusted so that a solid



desire?ligpaTh ngth, surface gloss and fluidity can be optional

controlle e anount of the second polyneric material to Qhg—ag _;r““’§;55I1
denoted with va F Haa( eReJ s&bPQNS, but they are not inconsilst'e ﬁt,ge%%iﬂgsm

as they are in IH,I ‘om 10 to 220% by wei ght . Det i i :

wll be nmade to ‘the second nmaterial to be adde
present invention. (1) A case where the nononers are added as
t he second ' - 36 -

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



polyneric material : Assuming the ratio of the rubbery polyner to t
poly- meric_solution in the first step to be X% by weight, G BEEN |
%E\ééﬁp Ji

rati o of the rubbery polymer to the polyneric solution in {

to be Y% by m@%gﬂkarﬁbﬁmﬁ pol yneric material is addediin_a

a range neetin (No. 1), preferably the for all (No. 2):
(No. 1) 0.3<V/ ﬁl"ﬂl”[m tlo 2) 0.4<Y/ X<0.75

|l In this ry. pol yme37is not added to the second step,
and the amount of the second polyneric mate- rial to be added is determ ned
on the basis of the weight of the rubbery polyner. The sane can be applied

to the case that the_inert organic %ivent al one is_ad and t he case
that the ndd¥PretCend FIRCEor tERR R YTeBL 52 RECr a8 8dm°n°mers

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



- as t Ne---5-6-0RHG—-Bo— Ve

«Needless to say, it is also possi le to S|nulta eously add the rubbery
pol yner. (2) A case where the

mat eri al : Assunming the ratio of I nlc solrémms@@EEMQASEEEN
polymeric solution in the first st wei ghtlf and rsmuagary t he

ratio of the inert organic solvent to the poly- neric S GhutHoRFRre———"
second step to be T% by weight, the second polynmeric naterial is added in
an amount in a range neeting the forn# 88l (No. 3), preferably the

formula IV (No. 4), nore preferably the formula V (No. 5): (No. 3)
1.1</T<2.5 111 (No. 4) 1.18<S/T<2.5
IV (No.5) 1.25<S/T<2.5 \% In this case,

~the inert or ghei ousdieref sthirdageagtos gRrd $8€odd*X&-ep, and the anount

of the second polyneric mate-
However, in Example 6, the comp051tlon of the second

material was composed of 67.5 parts by welght of
styrene, 22;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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rial to be added is determined on the basis ofthe wei ght of the inert

organi c sol vent. Thus, the sanihsmﬁabﬁs BlPRLfMe4 O the case that t
mononers are added to the secon tHﬂéﬁEEN
mononers and the rubbery naterl bereto Cb at %Qggy é@@ casg

(1), this case (2) has a feature S partlc
A case where the inert organic sol vent |s added:

- 39 -

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



Assumng the ratio of the inert organic solvent to the polyneric solution
in the first step to be 8% by weight, and assum ng the ratio of the inert

organi ¢ solv Hﬁﬁ%ﬁm@é aheric solution in the second
wei ght, the s material is added in an anounfj 1 §
preferably the formula VI1 *(No.. 35 Iﬁa____J

neeting the f 6)

preferably the fornula 8): (No. 6) 0<S/T<0.6

Vi (No. 7) O<S/T<O.5 - 40 - Vi

8) 0<S/ T<0.4 ' VI The addition of the

second material in the present inven- tion tends to raise the concentration
of the inert organic¢ solvent in the secogglste hi ¢ her han that of the

i nert orgafiP@CEOvedt&-n e AP BPeE AT nrt

styrene-acrylonitrile copolymer in a polymerlc 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 thls case, 1,1-bis(t-butylperoxy)-
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s0rgani c solvent in the second EllieineetnasmdaERé'aeé‘dt st ep, styrené mononer s,

acrylonitrile nononers, the uns Wﬂﬂt’ Found nonomner

copofyneri zing with these nono bery pol yner
necepgsary, together with the inert organ vent, the pol
initiator and the chain transfer agent. Here, assum ng the
I nert organic solvent to the polyneric solution in the first step to be 8%
by wei ght, the value of S meets usualty#10<S<20, preferably 0<S<15, nore
preferably 0<S<10. Here, assunming the ratio of the inert organic solvent to
the polyneric soluticon in the second step to be T%by weight, it is
necessary in the present invention that the anDun of, the jnert,organic
sol vent, andi¥s YdceaRiirlq XﬁJQRﬁﬁﬁﬁﬁs?quﬁavﬁ%b ? %BF?H%*,apﬂgge%
polymarizatlo.n initjator and the,chain nsfer t are controlled so as
to meet the S0 d’* exe, g Fafiq be <e§n1- arl%o&?€$a ? gB<S/ T<0.5, nore

preferably Osdihénads WY R4S @%{&5#%9 nc 018854 UbBSE (BRI i cl e

are formed i cles; _
(S/T) was 0. -In the second reactor, the polymerization

freid 8deET HAS BEEN
msrl IRHFILM:ED
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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



.the surface gl oss noticeably declines. The cause of such a
- 16 - PRRRAGEAR BebSRPREedappar ent, but it can be presuned

differgnce b | yneri zabilities to the rubber
first nd'seEﬂﬂﬁ an influence on the product.
I nert gor gani e polyneric solution in the se

=T €.,
T% bygwei ght usually neets 5<T<50, prejerably 10<T<30, nore preferably

=7 nAS BEEN
RS S rAGED: h

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-
trimethyloyclohexane 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



45<T<25. In the case that TT15 50% by wei ght or nore, the giant rubber
particles are'”?l lm;ﬂameeﬁhj&mem on of the once dispersed_tubbesy ;

particles, e gloss declines. In additio
t he nnnoners [ ysten1|s | ow, and productivit
t he other hand, if |s I is difficult to control a lhekyret

rate. If the polynerlzatlon is not contrglled, the viscosity of the

pol yneric solution is excessively high, go-that t he shape of the rubbery
‘pol ymer particles cannot be controlled any nore. On the other hand, if the
pol ymeriza- tion does not proceed, the viscosity of the polyneric solution

s conversel ¥ 18 Lallee® thab thend! aBLAECLe! BRe! nBBL.LUBRIL A/ Ll cl €8

i ncreases. As un fromthe orego- 1 ng t he fatio and

the di aneter h L ec6bs cQpngc ach ot her,
and the pooraggn%r§t§ggh§ gegg&$§%§?%%%|gﬁbrgghgrlgﬁngtbgg fergﬁfe in the

nmanuf act uri ngoPeEBRSMEGhANHABS2I 981 By wefdhtAwtdnerubpeett ke wpRONers and
the inert organic
weight of the 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
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.sol vent are added: Assum ng the r - ery polyner to the po
meric solution in the first step to ht, and ' -
of the rubbery polynmer to the poly in the 1

Y% by wei ght, the second polynmeric material is added in a ann@ﬁfi;z;~:====3
range neeting the formula I X (No. 9), preferably the fornmta=x{No. 10),
nore preferably the fornmula Xl (No. 11A4 _ (No. 9) 0.3<Y/X<0.9

| X (No. 10) 0.3<Y/ X<0.8 - X (No. 11)
04<Y/ X<0. 75 Xl

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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Assuming the ratio of the inert organic sommetmméajenmkaerrerl c solution

in the first step to be S% by wei ght, and a
organi c solvent to the poly- neric solution ﬂ!!ﬂgﬂ ;”Igum&n ﬁil%}@%ﬁgTﬁg'm
unt in _

by wei ght, the second polyneric material is

meeting the formula XIl1 (No. 12), preferably the fornmula Xl

nore preferably the fornula XIV (No. 14): (No. 12) 0<S/T<0 6
Xl | (No. 13) 0<S/T<0.5 - 45 - X (No. 14)
0<S/ T<0. 4 ' I X

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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in the case that the nononers and the igﬁégmgﬁgggagpg haé@nt
resin can be characteristically obtaine ' xcel

bet Welen surface gl oss and inpact resi stanﬁmwm&ﬂ ﬂi bed above, REPRACED
addition of the second polyneric material d out ‘by—any=of
various other manners, and the addition of the second polyneric materi al
can be used to confirmneans and control for setting the ratio of the
second polyneric material to the first Rglyneric material in the range of
10 to 220% by weight, if the concentratifGnS and the |i ke of the respective
material s are neasured. In the process of the present invention, the
rubbery polyner is inverted to the di spersed phase by the shearing of the
pol ymeric so%ﬁgigg Gag%eg by the polynerization of the nononers and the
stirring in the second stép. This phase inversion can be achieved in the
optional reactor congkghgggngzthe second step on the basis of the control

of the polyner- ization conversion of the nononmers usually carried out by a
Rubber modified styrene resins was prepared by the

trRAEABEE HAS BEEN

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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conti nuous mass pol ynerizati on nethod dF_a sol ution poly- merization method
and the control of a stirring rotational d}hﬂB&ﬁﬁg RaLt or. The

pol ymeri zation in the second step is carri tenp gl
of fromB80 to 180[err] C., preferably fro If t THIS SHEET H S BEEN |
pol ynerization tenperature is |less than 80[err i zat RERLAGER

Is low, so that the productivity declines, and |f |t IS nnre than
180[err]C., a | ow nol ecul ar styrene-acryignitrile copolymer is

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
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produced in large quantities, and the_heat risistﬂnce of the product

decreases inconveniently. In the reac?&ﬂ' ; "m W“phase | nversion_Ls »
| ﬂ ired p 7 IO BEEN ‘

IR < e emsigm =]

per i zatt-en—fs————

achi eved, the polynerization is contin
conversion of preferably 25 to 42% by

wei ght has been reached, and in the later reactors, the pol
continued until a -polynerization conversion of 42 to 70% by wei ght,
preferably 50 to 65% by weight has beefA8reached by the pol ymerizati on.

No particular restriction is put on the subsequent steps, and rubber

nodi fied styrene resins is prepared via a volatile conponent renoval step

in which the renmni ni ng monopers ,ana sol yent, are _remved, and an extrusion
step, whi cH“%f?%meﬁ%quF? Bﬁfﬁ“@ﬁ"ﬁﬁ Ph gﬁe cORt FRTo F St FIRFer i zati on
nmet hod or the | ution _polynerjzati h I I &S i nvention

t he averages%at?t??%ll% ﬁlog’h%tcé?n% fa}%‘hggr gﬁ& 8@59‘?%%&5%’% ;?;J‘r |%I es contai ned

in the obtajned sHbREEhe "B {580nF! ¥EEHRE! GTER Lo alAl b qapiTol led in the

range of

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
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
put in a first_reactor and a second reactor every 0.018
parts by weight thereof. The experimental results are

shown in Table 1.



,from0.2 to 2.5 [err], preferably fromO0.2 to 1.4 [err], rmre prefer

from0.2 to 0.9 [err]. A way for neasuring the dianeter of & = HA BEEN
Flacihe
err R

pol ymer particles will be described in Exanple 1. If the a
di aneter of the rubbery polyner particles is less than 0.2
surface gloss is high but the inpact resistance is |low, and 1’ |t IS nore
than 2.5 [err], both of the inpact resisi@nce and the -surface gloss are

| ow. The enpl oynent of rubber nodified styrene resins of the present

i nvention nmakes it possible to prepare nolded articles having inproved

| npact resistance and surface gl oss than conventional nolded articles. In
the present invention,Asd rdeseaiiesd viiyows} htlod pihesémpathveasishanse and the
surface gloss are inproved is not definite, but in view of the fact that
the anount of adnmeuted with wimrocmss ffed ptepaning esibberimedifibd anount
of the styrene-acrylonitrile copolymer occluded in the rubbery polyner

cont ai ned i n iBFEneEsinyg dwwing endrigensinpadioncesistanbe thohein

pol ymer

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.
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sl n experinents of Exanples 1 to 3, nononers and eth- ylbenzene were added
to a second pol ynerization reactor, but rubbery-pol ynmer was-
t her et o. Rubber nodified styrene resins was prepared by tmsmemeP@ BEEN
serial polynerization device having a volune about 15 l[itefis in REPCACED A_Jl
conplete m xing type reactors were con- nected in series.
constituted of a first reactor, and a second step was constituted of a
second reactor and a third reactor. A first material conprising 48 parts by
wei ght of styrene, 16 parts by weight of ®rylonitrile, 20 parts by wei ght
of ethyl benzene, 16 parts by weight of a rubbery polynmer, 0.15 part by

wei ght . of t-dodecyl nercaptan and 0.03 part by wei ght of

1, 1-bis(t-butyl peroxy)-3,3,5-trinmeth- ylcycl ohexane was continuousiy fed to
the first reactor at 5.0 kg/hr by the use of a plunger pqmgsmgn@5§g§Rﬁlmmd
nononers were polynerized therein. In this case, a pol yner IHH[ a-

ture was adjusted so that a solid content at the outlet of muﬂmlml

reactor, i.e., the anounts of the rubbery polyner and a
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in a polyneric solution mght be 32% by
In this case,

positions of the reactor.

at the 3 points were controlled
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acrylonitrile copol ymer
wei ght with respect to the weight of the polyneric solution.
| ower

the polynerization tem perature was 90[err] C. Furthernor

rot ati onal
peratures were nmeasured by thernocoupl es arranged at

m ddl e and

styrene
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i'n the range of an average 0.2[err]C, and it could be presunmed that the
polymgric solution was unifornmly m pol ynmer, there was
used a styrene-butadi ene bl ock copol yyr asggm%cV|s 05|t

.styrene sol ution having a rubbery poI 'on of Sﬁmgy*mﬁT Lol EN i
25[err]C. (trade nane NI POL: NS310S, HHMHEIMFEH Zeon Ca. LtEFgﬁ,_F_—,Jaz:s
the first reactor, rubbery pol yner par t forned T I rst

reactor, a weight ratio of the rubbery polynmer to the styrene-acrylonitrile
copol ymer was 16: 16. The pol yneric solution was continuously taken out
fromthe first reactor, and then continu®gsiy fed to the second reactor.
Next, a second nmaterial conprising 60 parts by weight of styrene, 20 parts
by wei ght of acculgmist:rile, 20 parts by wei ght of ethyl benzene, 0.15 part
by wei ght of t-dodecyl nercaptan and 0.03 part by weight of 1,1-bis(t-
but yl per oxy) - 3, 3.5-t A patdeelssy dloah evcartel nuasa ign tprepasing f eebber t nedidedd

reactor at 5.0 kg/hr by the use of the
styrene resins via a continuous mass polymerization method

and/or a solution polymerization method in a serial
5 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
10 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
15 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
20 to invert the rubbery polymer to the dispersed phase within
the continuous styﬁene polymer and, further wherein, the
ratio of the second pblymeric material to the first
polymeric material is in the range of 10% to 220% by
weight, preferably the ratio of the second polymeric

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

* [ L " H *
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pl unger punp. In this case, 1,1-bis(t-butylperoxy)-3,3,5-
trimet hyl cycl ohexane al one was fed through another |ine. Herg

@t he anounts of an et hyl benzene in the first reactor aﬁﬂs%ﬁ&Eﬁ@ﬂ&ﬁﬁEN
(S/IT) was 1. On the other hand, a ratio between the:amurngsPIHCED
polynmer in the first reactor and that the second react-er=vwas o
gsecond reactor, the polynerization_of the nononers was contlnuously
out, and the polynerization tenﬁ@ﬁa ture was adjusted so that the

i%ontent at the outl et of the second,react | ght be 36% by wei ght
Fspect t ot he?dlBghbYof “edghtul yiARd ¢ Eﬁ?g?thgyAt ?HFS GaRE1nuQus

poly ;;- I zation erature was 90[ err, | n.the sec nd reactor t he
rubbetdy pol ymerP %a;\‘?“ YRR t % d‘{as‘fﬁ*‘]re%d MWaséo ¥ dsbe’t 2

polyngr partlcle ngl g{ynerlcl%g%ggkgg con; and, addltlonally, the

-~

¥ polymerization device may include further reactors.
? 5 2. The process of claim 1, wherein the second polymeric
5 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.
10 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
15 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,
20 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.

25 7. A process according to any one of the preceding

ThlS Sheet Has Been Re
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« 21 - ti nuously drawn fromthe second reactor was fed to the third
reactor, and the polynerization in the third reactor was carpLi. BEENli
that the solid content at the outlet of the third reactor nilpRiydeHEEVS} !
wei ght. Next, the polyneric solution was passed through a vollati | eREPLACE i
conmponent renoval step and an extrusion step to form pell et sit==
regard to rubber nodified styrene r&sins, polyner- ization conditions and
the results of analysis and perfor- mance eval uation are shown in Table 1.

This resipyi2§ 20" %8l @k higy surface gloss as well as practical inpact
strength atapothions znang B off a nolded article shown in FIG 1, as

conpared wijhh the reshid ngf thide Aarder BBNthenedbeeFPAp8lymer 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

This Sheet Has Been Replaced -
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%ive exanpl es. The above anal ysis and performance eval uati on of the resi
were carried out by the follow ng procedures. (a) Anmount. o

the rj n: The anmount of the rubber dissolved in the firs
ged froma nmaterial bal ance anong the feed of the
¥l of the second material and the solid content in th_
f age di ameter of the rubber par_tg'7c1 es: A photo- graph of the resin

m cr Jibpe, apg)the par thel B oHARELAES oFf (300 )t 7 Qv uhbes patt kgHeshien
the (g 3ograph were nmeasured. An average dianeter of the rubber particles
was (umecul ated in accor dasdée ¥t byt weightl ofi bhef pubbeayXxpolymer iAvehage
s of the rubber particles= [err] wherein n is the nunber of the
gparticles havingsecond step meets the formula (VI) '
4 <Y < 20 (VI), or
5 (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<T< 50 (VII).
10 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.

This Sheet Has Been Rep.
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¢ particle dianeter D. (c) Preparation of test pieces:'The obt ai ned resin
was dried at 90 C. for 3 hours, and then injection-nolded at a noldin

tenp%;ature of 240[err]C. and a nold tenperature of 40[e @E'
LRSS Er

-l

test¥pieces for the neasurement of |zod inpact strength ﬁﬂﬂSé§E:'F

t he asurenent of practical inpact strength having a sh§pe sh®

1. ,In FIG 1, a gate portion, i.e., an inlet through e nolten
resin was poured into the nold is represented by G
-22-
- &g -
. ABSTRACT

A process for continuously preparing rubber
modified styrene resins from styrene monomers and
acrylonitryle monomers in the presence of a ;ubbery
polymer in aécordance with a continuous mass:and/or
solution polymerization method by the use of serial
polymerization device comprising two or more reactors;
said process comprising |
(1) a first step of feeding a polymeric.materials to the
first reactor to carry out the polymerization of
monomers in a condition where the rubbery polymer is not
inverted to the dispersed phase, and a.second step of
adding a polymeric materials to second reactors to

. 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

remarkably improved.

e

ect Has Been RTlaced
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the position of the gate portion; a position Bis a posi
vicinity of a corner, and a position Cis a standard pos
there is a tendency that t he inmpact strength increases
position A the position B and the position C (d) | zod==+s strength
This was neasured in accor- dance with JI'S K-6871. (e) Practical inpact
strength: A drop-weight inpact strength test was nmade to neasure inpact
strengths at the 3 positions (the position A, the position B and the
position C) of each test piece having the shape shown in FIG 1. Atip R of
the drop weight was 6.4 mm and anj A nner di aneter of a deck was 25 nm

(f) Surface gloss: This was neasureé in accordance with JI'S Z-8741. Light
was applied at an incidence angle of 60[err] to the position C of the

nol ded article having the shape

F1G.1(a) FI1G.1(b)

PLAN VIEW SECTIONAL VIEW
G G
t /‘(ﬁ ! ZAN
70
g XC 150
2
320 20
1
~ X B
80 30 2
T '; o
-~ A 60 50 |
A 80 ! X : J.
! t._.
75 Lo —__ — - 1
45 1
1
) 160 - 2
¥ 0 -3 S 1 &0 i3
10 10  UNITEmm 2y 8
- F |
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_shown I n FIG. 1. i - EXAMPLES 2 AND 3 RYp
styrene resins were prepared by the same procedure as in 5ﬁ% ! HAS BEEN
changing the first poly- neric material, its feed, polynglizat ﬁ ACED
tenperature, solid content at the outlet of the firSt reactor, feed and a
conpo- sition of the second polyneric-nfterial, poly ' i
solid content at the outlet of the setond reactor, so
outlet of the third reactor and the like. In both the
particles were forned in the second reactor. Polynerig
the resul ts SPPBEHELREr nance eval uation are shown in Hﬁ#ﬁi+

by the sam b Sccurseat Fhepsaipracd i Enangpiyie g%?ﬁpggiggﬁy%%”gpﬁrepaf =
material, ity fgpd, RobuiethadbhARetSIPLALLSd 18 L the izt

polymeric material) to carry out the polymerization of

the monomers in a condition where the rubbery polymer is
not substantially inverted to the dispersed phaée, and a
second step of adding a polymeric material to the second
and later reactors (hereinafter referred to as the
second polymeric material) to continuously carry out the
pdlymerization of the ﬁonomers 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
remarkably improved. Main row materials for
polymerization (monomers, 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 yiewgépiggig. 1 (b)
is a sectional ﬁiew. A T

[
DESCRIPTION OF THE PREFERRED EMBODIMENTS }hsgﬁmkqimmd

i



.content at the outlet of the first reactor, feed and t
second pol yneri >

the outlet of thREPLAGEMENI

reactor and the

| | both4t he exanpl es,

I za- tion tenperature, T80 ém}:;z:rbtﬁaéﬂEEat
solid content at theloutl eREGLACED thir

formed in the ) dEMﬂ1r%aJ{or ------ The'cond+%+eﬂs of polynmerization and the

results of a performance evaluatlon are shown in Table 2.
Exanple 1, the particle dianeter of the rubber

I n Conparative

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]

H2C = C - RL
(1]
(R2) 5

(wherein Rl is hydrogen, an alkyl group having 1 to 5

carbon atoms, or a halogen; and R? is hydrogen, an alkyl

group having 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 styrene, t-butylstyrene, vinylxylene and

divinylbenzene. Above all, styrene, cac-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

50 to 95 parts by weight with respect to 100 parts by

weight of the total weight of the respective monomers in

the polymeric material.

Acrylonltrlle monomers. Wthh can befused in the

present invention is an unsaturated compound havzng a

nitrile group represented by the formula [II}

Sheet Has Been Reilaced
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 jparticIes I ncreased, so t hat i npact resistance and SU\1JC 05 I ofth
poorer than in Exanple 1. In Conparative Exanple 2, tﬂwﬂ? %ﬁ%ﬁﬁgﬁ:’z@f

t he rubbery polynmer in the first reactor was so high t SOt f)f

the polyneric material in the first reagfor was hi gh, and thus for the feed

of the material and the stirring of the_palyneric nater-aF-—a—rargg‘rUaﬂ‘f
was required, which was inpractical. In addition, the uhéﬁghﬁggyE QﬂﬁgT 1

i npact resistance was very |arge. ? Elggs .
experinments of Exanples 4 to 6, nononers and a rubbery H &P ~eretadded |
to a second reactor, but ethyl- bep&dne was not added thereto. Rubber

nmodi fied styrene resins wadler ep&red by the use of a serial polpomgrization
devi ce having a volume of about 15 Ki®ei®s in which 3 conplete m xing type
reactors were con- nected in series. Afirst step was constituted of a
first reactor, o
(wherein Rl is as defined above). Examples of
acrylonitrile monomers include acrylonitrilé, méthacry—
lonitrile and a-chlorocacrylonitrile, and particularly
preferable are acrylonitrile and methacrylonitrile.
These acrylonitrile monomers can be used singly or in
combination. The amount of acrylonitrile monomers to be
used is usually in the rangé of from 3 to 45 parts by
weight, preferably from 10 td 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-
tion, there can usualiy 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 such 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
A —

eet Has Been Replaced
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and a second step was constituted of a second react or éﬂﬂsﬁHFETH%gFﬁﬁﬂq

"Afirst material conprising 43 parts by wei ght of styjene REP b
wei ght of acrylonitrile, 35 parts by wei ght of ethyl béfiZene, '8 parf by

A=

wei ght of a rubbery polyner 0.15 part by weight of t-dg
0.03 part by weight of 1,1-bis(t-butyrp&roxy)-3,3,5-tri
was continuously fed to- the first reactor at 5.7 kg/ hr
pl unger punp, and the nonomers were .polynerized therei

but ot of 1 nEReY RRY; Ba bEPd Eéﬁgi‘fhégéﬁﬁu%?g&@ﬁtaﬁgﬁrEﬁ'bla?ycgc”)f52;r°‘;nd 2
el Gt i h v ospect EBOPRCCHERgNERaRcRRatRRl 5 %@Egeﬁ@oﬁap%%% w BERRELY e,
h I F

otational habherrbERtepchapbRyiiR)Eintaer dall RRTRIE, pBnRUkib Hre, .

peratures wepgr-fRagyALEy YL BELUBEQUP! ffied’ hRAGY ﬁEtﬁacrylate is

used, the hardness of an obtained resin can be improved;

BRPLACRIENE
) qut he 1ugeij ]9%

B thi-s- -CASe:---a

when n-phenylmaleimide is used, heat resistance can be
improved; and when maleic anhydride is used, heat
resistance and weathering resistance can be improved.
Each of these unsaturated compound monomers can be used
in the range of from 0 to 30 parts by weight with
respect to 100 parts by weight of the total weiéht 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-diene
copolymer. More preferable are polybutadiene and
styrene-butadiene copolymer. With regard to the
styrene-butadiene copolymer, a styrene-butadiene block
copolymer in which a styrene moiety and a butadiene
moiety are separated from each other is particularly
preferable. A solution viscosity of the rubbery polymer
is in the range of from 3 to 200 cP, preferably from 3
to 100 cP, more preferably from 5 to 50 cP, as measured

in a styrene solution having a rubbery polymer

concentration of 5% by weight. The amount of the

Sheet Has Been Reﬁare
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. poS|t|ons of upper, middle and | ower positions of th ﬁﬂﬁgéQﬁErhﬂs%ﬁg

case, the tenperatures at the 3 points were controll N wepLAdRBe Of ¢
average 0.2[err]C., and it could be presuned that th i
was uniformy n1xed As the rubbery pol t here was fe—sane —
conpound as in Exanple 1. In the r.igt “reactor, rufRERLAGHMENT SHEET |
particles were not - formed. In the fiTst reactor, a we ght n@h jueﬁggye h
rubbery polyner to the styrene-acrylonitrile copolyne t di

rubbery polymer to be used is usually in the range of

n

from 4 to 50 parts by weight, preferably from 4 to 20
parts by weight with respect to 100 pérts by weight of
the total weight of the respective monomers in the
polymeric material.

In the present invention, a polymerization initiator
is preferably used. Examples of the polymerization
initiator inciude organic peroxides such as benzoyl
peroxide, lauroyl peroxide, t-butyl peroxypivalate, t-
butyl peroxybenzoate, t-butyl peroxyisobutyrate, t-butyl
peroxYoctoate, cumyl peroxyoctoate and 1,1-bis(t-
butylperoxy)-3,3,5-trimethylcyclochexane, 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 more preferable, because its employment eésily leads
to a high graft efficiency. Furthermore, the
polymerization initiator to be used can be selected in
consideration of the temperature of a reactor to which
the polymerization initiator is added, the average
residenée time of a polymeric solution and a desired
polymerization conversion. For example, in the case
that the organic peroxide is used as the polymerization
initiator, the polymerization initiator can be selected
on the basis of its.half-life period. It is preferred
to use the organic peroxide having a half-life period of

from 1 minute to 2 hours at 90°C in the case that the

—_—
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The ‘pol yrmeric sol ution was continuously taken out from
and then continuously fed to the second reactor. Next,
conprising 69 parts by weight.of styrene, 23 parts by
acrylonitrile, 8 parts by weight of the rubbery polyne
wei ght of t-dodecyl nercaptan and 0.03 part by weight
but yl peroxy) -3, 3, 5-tri net hyl cycl ohexane s-contlnuousl‘
reactor at 4.3 kg/hr by the use of thé plunger punp. | §
reactor, the polynerization of the nononers was contin Fet ;
and the poly- nerization tenperature was adjusted so that the SO|Id con-
tent at the Sedventofanea nd reactor mght be 36% by weight with
respect to the weight of the paolyneric solution. ~ At this tlne

th
pol ymeri zati on terrperpeﬁ%%st%@%l‘? P Hhe SHRhRIY 2ot ¥reT R ﬁiﬁbery
| ted t h to_f '
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reactor was fa% % al r;[gh'trlge rrea 'tordf Atk L AGIRALY BS1 bt 0o the

polymeric solution in the second step to be Y% by

SBEENr}
gg%é%%?ééberlal

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. 11):

(No. 9) 0.3 £ Y/X £ 0.9 IX
(No. 10) 0.3 < Y/X < 0.8 X
(No. 11) 0.4 < ¥/X £ 0.75 X1

Assuming the ratio_?f.the inert organic solvent to
'the polymeric solution in £he 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

surface gloss and the impact resistance.
Sheet Has Been Reﬂlaced
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in the third reactor was carried out so ‘that the solid HHEDSHE@thQQEEN
outl et of the third reactor night be” 55%by weight. t, th@pmnbgmerlc

sol uti on was passed through a wvolatile component renov : =
extrusion step to form pellets. Wth regard to the thus prepered—rubber=m—"
nodi fi ed styrene resin, polynerizatign conditions and the cBEPLACEMENT SHEET

anal ysi s and performance eval uation e shown in Table 1. 10 JUL 1996
EXAMPLES 5 AND 6  RulpRECESSOHOR iCONT ENUPUSIC PREPARING \RUBBERDT efjaPaiel - by...t he..............

MODIFIED .STYRENE RESINS AND PRODUCTS THEREOF
_ABSTRACT

-

A process for continuously preparing rubber
modified styrene resins from styrene monomers and
acrylonitryle monomers in the presence of a rubbery
polymer in accofdance.with a continuous mass'and/or
solution polymerization method by the use of serial
polymerization device comprising two or more.reactoré;
said process comprising
(1) a first step of feeding a polymeric materials to the
first reactor to carry out the polymerization of
monomers in a condition where the rubbery polymer is not
inverted to the dispersed phase, and a second step of
adding a polymeric material§ to second reactors to
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

remarkably improved.

FIGURE 1la and 1b

/'/_ s

.
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same procedure as in: Exanple 4, changing the first pgFy ' FEE
its feed, polynerization tenperature, solid content AtRERACEMENT SHEET

first reactor, feed and conposition of the second po ymerl. l]gga'
pol ymeri zation tenpera- ture, solid content at the ofjtlete .of...the-secon

reactor, solid content at the outlet of the third re
However, in Exanple 6, l?mceé%ﬁpl‘mw@mtmww}smzrmqm al was corrposed

~ of 67.5 parts by weight oRubbgreMedified §iyrenpyReeight of ﬁcry:conl 1ar|dl e, I
.10 parts by weight of the r Q% Q.HSES W |gto t - dodecy
‘mercaptan and 0. 03 part by %1 ?’W% Eg}_ES s AN%X4) 3R3bb5-
tri met hyl cycl ohexane. él VE EXAMP er
nodi fied styrene resi nga)vgﬂed B’; gb%g@ Tt he
The present invention relates to a process for preparing
rubber modified styrene resins. More specifically, it relates
to a process for preparing rubber modified styrene resins

which can provide molded articles baving excellent impact
resistance and high surface gloss.

(b) Description of the Related Art

Rubber modified styrene resins has been manufactured by
an emulsion polymerization method, a continuous mass
polymerization method or a solution polymerization
method. The rubber moedified styrene resins prepared by the
emulsion polymerization is excellent in a balance between
impact resistance and surface gloss, but since this kind of
modified styrene resins contaios large amounts of impurities
such as an emulsifying agent and a dispersant, 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 dis-
charged, which has an adverse influence on the environment.
On the other hand, with regard to rubber modified styrene

-resins obtained by the continuous mass polymerization

method or the. solution polymerization method, there are
advantages such as [ess impurities, a low manufacturing cost
and no waste water, but the balance between an impact
resistance and surface gloss is insufficient.

As techniques for improving the balance between the
physical properties of the rubber modified styrene resins
obtained by the continuous mass polymerization method or
the soludon polymerization method, for example, the fol-
lowiog methods are known.

Japanese Patent Publication No. 7343/1974 (which cor-
responds to U.S. Pat. No. 3,658,946) discloses a method in
which prepolymerization is carried out in a first polymer-
ization 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 rub-
bery polymer to the dispersed phase (a prepolymerization




sanme procedure as in Exanple 1, changing the first poly-_neric _mterjal

its feed, polymerization tenperature, solid content at {lhe-QUdRiedf ol
first reactor, feed and conposition of the second pol yngric matsrl
pol ymeri zation tenpera- ture, solid cohtent at the outl todd tth 01387
reactor, a solid content at the outlet of the third rea and 1 h
In both the exanples, rubber particles were forned in the second reactor.
The conditions of poI ynerjzation and the results of a performance

eval uation are showmetioghpHeweves, inothe pubber imedifisd styrens resing
concentration of et mumaadézyethmmdthoé.eﬂxmdxanmmm rwiber| particles t hat t he

pol ymeri zation rate mhf@hﬂbc c@n&ollédmﬁyﬁfcbﬁvéﬁudn(al ﬁféhﬂﬁﬁletléle sol i d

content in the pol yrrgfd h “5 ﬂﬁﬁS(@ | tion,

i npact resistance, éce e r S|n wer e poorer
5@1

than in Exanple 6, I '55‘?2) L of
et hyl benzengpl n t he INFRE3EES 5 ﬂ&‘c‘gﬁ P{W%Q egﬁmnsgefﬁhat t he
pol yreri zati on rat e nigratel dhe reasons wiathedphiysical propestiesideteriorate sol i d
content in a pol ymerdré that the smaller the diameter of the rubber particles s, the

higher the surface gloss of the styrene resin is, and that the

impact resistance appears specifically in a suitable particle

diameter range peculiar to a certain resin.

As a method capable of solving such a problem, Japanese
Patent Laid-open No. 118315/1988 has suggested that con-
version in each of a prepolymerization reactor and a phase
inversion reactor is controlled so that ratios of the 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 cannot be
sufficiently controlled, and large rubber particles are formed,
so that the physical properties deteriorate.

Japanese Patent Application Laid-open No. 7708/1991
(which cormresponds to U.S. Pat. No. 5,244,977) discloses a

method in which a high viscous rubbery polymer having a
viscosity of 400 to 2000.cP in a 5 wt % styrene solution at
25° C. is used under the control of solid contents in a
polymeric solution in a prepolymerization reactor and a
phase inversion reactor. In this method, the rubbery polymer
is scarcely dissolved in monomers at the time of the prepa-
ration of a polymeric material, and an operative problem
such as the difficult stirring of the polymeric solution is
present due to the high viscosity of the polymerization
system. Furthermore, since extrernely large rubber particles
are formed, the improvement of the physical properties
cannot be expected.

In EP Unexamined Publication No. 477764, another
_ method has been seggested in which a polymerization




solution in the second reactor. In addition, the quidityfo
hi gher than in the exanples, but inpact resistance, surfa e
fluidity of the resin were poorer than in Exanple 5, due
the rubber particles formed in the second reactor. mf”“"m"mq ........
EXAMPLES 7 I n experinments of Exanples 7 and 8, mononers an
et hyl benzene were added to a second pol yneri zation reac-

temperature until phase inversion is maintained at 90° C. or
less by the use of a plug-flow type polymerization reactor,
and polymerization is then carmried out in the presence of
polybutadiene by the use of an organic peroxide having a
high graft activity, i.e., a half-life period of 20 minutes or
less at 90° C. to prepare a resin having a rubber particle
diameter of 0.5 um or less and a high graft ratio. However,
in this method, the plug-fiow 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 surface gloss is not
sufficiently improved.

In the conventional techmiques described above, the
multi-reactor polymerization method using two or more
reactors is employed, and in the first reactor, the polymer-
ization is carried out under conditions where the rubbery
polymer does not invert to the dispersed phase. Next, in the
second reactor, 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 polymer-
ization system has not been employed so far.

SUMMARY OF THE INVENTION

The present inventors have conducted research with the
intention of solving the above problems, and as a result, a
surprising fact has been found. That is to say, in preparing
rubber modified styrene resins by a continuous mass poly-
merization method and/or a solution polymerization method,
if after a step of carrying out polymerization under condi-
tions 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 comprising monomers for use in a
polymerization reaction, the rubbery polymer, an inert
organic solvent and the like, 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 com-
pleted on the basis of this finding.



tor, but rubbcry-polynmer was not added thereto. Each r

styrene resin was
havi ng a vol une of

1l

prepared by the wuse of a serial polymer REPLACEMENT SHEET
about 15 liters in which 3 conplete mijxi ng ¢
f eed. ArJiN 1997 .

reactors were connected in series. ATi%st step was constlj Peteed

first reactor, and a second step was constituted of a secor

third reactor. Af
23 parts by wei ght
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continuously preparing rubber modified styrene resins com-
prising
(1) a first step of feeding a polymeric material to the first
reactor (hereinafter referred to as the first polymeric
material) to carry out the polymerization of the mono-

mers under conditions where the rubbery polymer is
not substantially inverted to the dispersed phase, and a
second step of adding a polymeric material to the
second and later reactors (hereinafter referred to as the
second polymeric material) to continuously 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 remark-
ably improved. Main raw materals for polymerization
(monomers, rubbery polymer and inert solvent) are referred
to 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 2
plan view and FIG. 1 (b) is a sectional view.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

As styrene monomers which can be used in the present
invention, there is used an unsaturated aromatic compound,




time, the polynerization tenperature was 85[err]C. Furthe
stirring rotational speed in the reactor was 100 rpm anjl RERLACE
pol ymeri zati on tenperatures were neasured by thernocoupl
positions of upper, mddle and | ower p‘osﬁ tTons of the readate...Ln.LOLS .
case, the tenperatures at the 3 points were controlled i

average O0.2[err]C, and it could be presuned that the polyneric solution .
was uniformy mxed. The sanme rubbery polyner as in Exanple | was used.

In the first react orpardeylariybityrsnepor yiterdepivative | reprasentednby theor med. I n
the first reactor, FoRufratio of the rubbery polynmer to the '
styrene-acrylonitrile copolyner was 8:11. The polyneric solution was
continuously taken out from the fd,tst cre@ctor, and then contipously fed
to the second reactor. Next, a second terial conprising 18.7 parts by

wei ght of styrene, 6.3 parts of acr Nyile, 67 parts by weight of
et hyl benzene, 8 parts by wei ght of bery
(R?s

(wherein R' is hydrogen, an alkyl group having 1 to 5 carbon
atoms, or a halogen; and R? is hydrogen, an alkyl group
having 1 to § carbon atoms, a halogen, or an unsaturated
hydrocarbon having 1 to 5 carbon atoms, which may be the
same or different). Examples of the styrene monomers
include styrene, a-methylstyrene, o-methylstyrene, m-me-
thylstyrene, p-methylstyrene, a halogenated styrene, t-butyl-
styrene, vinylxylene and divinylbenzene. Above all, styrene,
a-methylstyrene, p-methylstyrene are preferably used, and
styrene and o~-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 50 to 95
parts by weight with respect to 100 parts by weight of the
total weight of the respective monomers in the polymeric
material. _ _

Acrylonitrile monomer which can be used in the present
invention is an unsaturated compound having a nitrile group
represented by the formula (11}

R! (m
H:.C=C
C=N

(wherein R! is as defined above). Examples of acrylonitrile
monomers include acrylonitrile, methacrylonitrile and
o-chloroacrylonitrile, and particularly preferable are acry-
lonitrile and methacrylonitrile. These acrylonitrile mono-
mers can be used singly or in combination. The amount of
acrylonitrile monomers to be used is usually in the range of



pol yner,
of 1,1-bis(t-butylperoxy)-3,3,5-trineth- ylcycl ohexane wg

0.15 part by weight of t-dodecyl nercaptan and ( part
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to the second reactor at 3.0 kg/hr by the use of the pluflger pun ;%75
case, 1,1-bis(t-butylperoxy)- 3,3,5-tr1 rﬁst'hyl cycl ohexane PBhe- was feﬂ
t hrough another line. Here, the ratio between the anounts of etnhylbenzene

in the first
react or,

and the

reactor and the second reactor (S/T) was O.
t he polyneriza- tion of the nononers was continuously carried out,
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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 mate-
rial.

As an unsaturated compound monomer capable of copo-
lymerizing with the styrene monomers and/or the acryloni-
trile monomers which can be used in the present invention,
there can usually be used known unsaturated compounds
capable of copolymerizing with styrenes and acrylonitriles.
Examples of the unsaturated compound monomer include
alkyl (meth)acrylate monomers such as methyl methacry-
late, ethyl methacrylate, methyl acrylate, ethyl acrylate and
n-butyl acrylate, maleimide monomers such as n-phenylma-
leimide, n-methylphenylmaleimide, n-cyclohexylmaleimide
and n-ethylmaleimide, and unsaturated carboxylic acid
derivatives such as maleic anhydride, acrylic acid and meth-
acrylic acid. These unsaturated compound monomers are not
always used, or they may be used singly or in combination.

Among these unsaturated compound monomers, methyl
methacrylate, n-phenylmaleimide and maleic anhydride are
particularly preferable. When methyl methacrylate is used,
the hardness of an obtained resin can be improved; whea
n-phenylmaleimide is used, heat resistance can be improved;
and when maleic anhydride is used, heat resistance and
weathering resistance can be improved. Each of these unsat-
urated compound monomers can be used in the range of
from O 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 inventon include polybutadiene, iso-
prene-butadiene copolymer, styrene-butadiene copolymer,
acrylonitrile-butadiene  copolymer, ecthylene-propylene
copolymer and ethylene-propylene-diene copolymer. More
preferable are polybutadiene and styrene-butadiene copoly-
mer. With regard to the styrene-butadiene copolymer, a
styrene-butadiene block copolymer in which a styrene moi-
ety and a butadiene moiety are separated from each other is
particularly preferable. A solution viscosity of the rubbery
polymer is in the range of from 3 to 200 cP, preferably from

In the second




pol ymeri zation tenperature was adjusted so that the soli{g con _ T |
outl et of the second reactor m ght be 36% by weight wt rpggbégghregﬁt T
wei ght of the polyneric solution. At thig time, the pol ri zat BodUN 1997
tenperature was 100[err]C. In the second’r8actor, the rubbi  pot-yer s

inverted to a dispersed phase to formthe rubbery pol ynmer particles. The
pol ymeric solution continuously drawn fromthe second reactor was fed to

the third reactor, and the B;)I ynmerization in the third reactor was carried
out so that the sol BotocbbR efr more preferably fromd ©h0 cRi asdimeesuredr ni ght be

50% by wei ght. Next in hlseyrané yolation haeingty rabbesyspahgmesdondentdghn @ Vol atil e
conponent renoval SpHeB%RbY WeighK  THS kRBusd GPcheGubBér it o be
Pol yneri zation condhgécﬂksumgtdi qh%%ﬁ%”eto? {)ma{pgg ¥6 baneBy HgLALr mance _
eval uation of the t Qi pISOIEGH ¢ WA ballPBY i Wth Hepdet 1 Tog " © oW 17
' parts by weight of the total weight of the respective mono-
mers in the polymeric material.

In the present inveation, a polymerization initiator is
preferably used. Examples of the polymerization initiator
include organic peroxides such as benzoyl peroxide, lauroyl
peroxide, t-butyl peroxypivalate, t-butyl peroxybenzoate,
t-butyl peroxyisobutyrate, t-buty!l peroxyoctoate, cumyl per-
oxyoctoate and 1,1-bis(t-butylperoxy)- 3,3,5-trimethylcy-
clohexane, and azo compounds such as 2,2-azobisisobuty-
ronitrile, 2,2 -azobis(2-methylbutyronitrile) and 2,2-
azobis(2,4-dimethylvaleronitrile). However, the organic
peroxide is more preferable, because its employment easily
leads to a high graft efficiency. Furthermore, the polymer-
ization initiator to be used can be selected in consideration
of the temperature of a reactor to which the polymerization
initiator is added, the average residence time of a polymeric
solution and a desired polymerization conversion. For
example, in the case that the organic peroxide is used as the
polymerization initiator, the polymerization initiator can be
selected on the basis of its half-life period. It is preferred to
use an organic peroxide having a half-life period of from 1
minute to 2 hours at 90° C. in the case that the polymeriza-

: ied out at 50°-100° C., an organic peroxide
::;;mx: f::a?f-life period of from 10 minutes to 20 hours at

o C. in the case that the pelymerization is carried out at
70°-140° C.,oran organic peroxide having a half-life period
of 5 hours or more at 90° C. in the case that the polymer-
ization is carried out at 120°-180° C. Preferable examples of
the organic peroxide include t-butyl peroxypivalate, t-butyl
pcmxy(z-ethylhexanoate) and 1,1-bis(t-butylperoxy)-3,3,5-
trimethylcyclohexane, and particularly preferable are t-butyl
peroxy(2-ethylhexanoate) and 1,1-bis(t-butylperoxy)- 3,3,5-
trimethylcyclohexane. The amount of the polymerization.
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
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second reactor (S/T) was 0.5, and rubber particles were forned in the

second reactor.

rati o of a rubbery p

The results of the analysis and the perfor-

mance of the

t hus obtained resin ar h&[WPe gpetI%hf%mIWGPi§°@mC&kﬁ&t tbhe wei ght
et

parts bv ight of the total weight of the respective
monomcrs in the polymeric material. In the present inven-
tion, 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 by weight of
the monomers, and in the second step, the amount of the
organic peroxide to be added is in the range of from Q to 1.9
parts by weight, preferably from O to 1.0 part by weight with
regard to 100 parts by weight of the monomers.

An inert organic solvent which can be used in the present
invention means a compound not having any polymerizable
unsaturated bond, and examples of the inert organic solvent
include benzene, toluene, xylene, ethylbenzene, acetone,
isopropylbenzene and methy] ethyl ketone, and particularly
preferable are ethylbenzene and toluene. If a large amount of
the inert organic solvent is used, the polymerization rate is
inhibited, so that productivity deteriorates. In addition, in the
case that the rubbery polymer is inverted into the dispersed
phase, the particles of the rubbery polymer are liabie to
cohere during the polymerization. Moreover, due to the
chain transfer properties of the inert 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 35 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 of the respective mono-
mers in the polymeric material. In the first step, the addition
of the inert organic solvent is not necessary, but in the
second step, the inert organic solvent 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 lower. In consequence, the transfer
of the polymeric solution and the like is easy, so that the
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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 s-octyl mercaptan 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 agent to be

added depends upon its chain transfer ability 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, com-
plete mixing type reactors, tube type or column type reactors
can be used. As the reactor which can be used in the phase
inversion step, the complete mixing type reactor is prefer- -
able, because of being easy to control the diameter of the
formed rubber particles and having a high ability to uni-
formly mix the polymeric solution. The number of the
reactors which can be used in the preseat invention is
preferably two or more, particularly preferably in the range
of from 2 to 5 in both of the first step and the second step.

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

The temperature of the first step is in the range of from
50° 10 140° C,, preferably from 50° to 110° C., and that of
the second siep is in the range of from 50° to 130° C,
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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
passes through the reactor without being sufficiently poly-
merized, so that a product having 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 substantiaily
inverted to the dispersed phase. In the present inveation, the
condition where the rubbery polymer is not substantially
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 microscope.
Next, an exemplary procedure for keeping the condition
where the rubbery polymer is not substantially inverted to
the dispersed phase will be described.

In general, a main factor by which the rubbery 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 styrene-
acrylonitrile copolymer exceeds 230% of that of the rubbery
polymer in the polymeric solution, the phase inversion takes
place. Therefore, 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 solu-
tion. However, the determination of the volume ratio of the
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aratio between the amounts of the ru bery.
and the second reactdrl¥ V7 X) was 0.7, afjdPatte..
s of the organic solvent in the first r
T) was 0.0. In the second reactor, the

t he nononers was continuously carried out, and the

pol ymeri zation tenpgraty rfolymeralgjtﬂ t & §reti-acl\Abnirite copolymer is

not practical, and so in general, a weight ratio of the rubbery
polymer to the styrene-acrylonitrile copolymer is controlled.

It can bc 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.
If the polymerization temperature is less than 50° C., the
polymerization rate is inhibited, so that productivity dete-
riorates, 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 monomers in
the first step so that the volume of the 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 suitably selecting the polymerization tempera-
ture, the kind and the concentration of polymerization ini-
tiator, and the like so as to maintain the volume ratio of the
produced styrene-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”, Japanese Edition, p. 101-125, Chap. 4, “Poly-
merization Reaction of Unsaturated Monomers by Free
Radical Mechanism”, particularly on page 108 thereto.

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

Initial reaction: 1- 2R

: R=R-M
Propagation reaction: M.+M - M,,,.
Termination reaction: M+M =P

The polymerizati'on rate can be determined from the
following formula:




the solid content at the outlet of the second reactor mg
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second reactor was fed to the third reactor, and the polynerization in the
third reactor was carried out so that the solid content at the outlet of
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FIG 1, as conpared with tthe resul t dnidgoreficiengnder ment i oned
{MI: Monomer conceatration

For the calculation of the polymerization rate, k,, (t), k, (t)
and f 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 suitable 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
polymerization 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 monormers, thereby
inverting the rubbery polymer to the dispersed phase.

In the second step, at least one of the inert organic soivent,.
the monomers and the rubbery polymer as well as if nec-

essary, 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 second step. In this case, it is important that
the ratio of the second polymeric material to the first
polymeric material is in the range of 10 t0 220% by weight.

The ratio of the second polymeric material to the first
polymeric material is in the range of from 10 to 220% by
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the first step wascokivefientlyshigh. If the above ratio is less than 220% by

weight, the sufficient amouat of the polymeric soluticn 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 least one
of the inert organic solvent, the monomers and the rubbery
polymer. In particular, (A) in the case that 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 high gloss and high impact resis-
tance. (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 weight of the copolymer produced

in the first step can be decreased to obtain a resin having
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 solvent is low

" in the first step, and so a graft hindrance reaction by the inert

solvent in the first step can be prevented (o obtain a resin
having high impact resistance. (D) In the case that the
second polymeric material comprises the monomers, the
inert organic solvent and the rubbery polymer, the obtained
resin has a performance 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 expres-
sions, but they are not inconsistent, so long as they are in the
range of from (0 to 220% by weight.

Detailed reference will be made to the amount of the

second material to be added in the present invention.
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second material and the feed of the second material were changed as shown
in Table 1. The ratio between the anmounts of a rubbery polynmer in the first
reactor and the second

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

Assuming the ratio of the rubbery polymer to the poly-
meric 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 sccond
polymeric material is added in an amount in a range meeting
the formula I (No. 1), preferably the formula II (No. 2):

(No. 1) 0.32¥/X=0.9 I
(No. 2) 0.4S¥/X=0.75 Il

In this case, the rubbery polymer is not added to the
second step, and the amount of the second polymeric mate-
rial 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 10 $3Y. it is also possible to simultaneously add the
rubbery polymer.

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

lymeric material: _

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 poly-
meric 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 II (No. 3), preferably the formula IV
(No. 4), more preferably the formula V (No. 5):

MNo. 3) L1SITS25 ' m
(No. 4) L.I8SSTS2S5 v
(No. 5) L.25SS/7TS25 v

In this case, the inert organic solvent is not added to the
second step, and the amount of the second polymeric mate-
rial 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
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and the performance of the thus obtai med5esin are shown & —1n
this connection, the weight ratio of the rubbery particles to the
styrene-acrylonitrile copolynmer forned by this polyneriza- tion reaction in
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assuming the ratio of the inert organic solvent to the poly-

meric 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 VI
(No. 7), more preferably the formula VIII (No. 8):

(No. 6) 0SS/TS0.6 Vi
(No. 7) 0SSTS0.5 VI
(No. 8) 0SS/TS0.4 vIo

The addition of the second material in the preseat inven-
tion tends to raise the concentration of the inert organic
solvent in the second step higher 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, acrylonitrile monomers, the unsaturated com-
pound monomers capable of copolymerizing with these
monomers and the rubbery 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 in
the first step to be S% by weight, the value of S meets
usually 0=S=20, preferably 0=S=15, more preferably
0=S=10. Here, assuming the ratio of the inert organic
solvent to the polymeric solution in the second step to be T%
by weight, it is necessary in the present invention that the
amounts of the inert organic solveat, 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 0SS/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 rubber particles, and
the surface gloss noticeably declines. The cause of such a
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anal ysis and the p_erforrranCe of the thus obtained resiniare s__hQ,V\B _im"ﬁggme
1. In this connection, the weight rattdéf-the rubbery Qagﬂeci--esmt' ‘e
styrene-acrylonitrile copolynmer formed by this polyneriza=—tion reaction in
the first step was 16.0: 16. 0. COVPARATI VE EXAMPLE 5 Rubber
nodi fied styrene resins was prepared by the use of the sane pol ynerization
device as in Exanpl Gukndirehfli'is 68 ypdtent b B fbe PreshaRlidar a A Materi al
P g 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 solvent to the polymeric
solution in the second step, i.e., T% by weight usually meets

5ET=50, preferably 10=ST=30, more preferably
IS=T=25. In the case that T is 50% by weight or more, the
giant rubber particles are formed by the cohesion of the once
dispersed rubbery polymer particles, so that the surface
gloss declines. In 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 s not controlled,
the viscosity of the polymeric solution is excessively high,
so that the shape of the rubbery polymer particles cannot be
controiled any more. On the other hand, if the polymeriza-
tion 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 forego-
ing, the polymerization ratio and the diameter of the rubber
particles are closely connected with each other, and the paor
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
solvent are added:

Assuming the ratio of the rubbery polymer to the poly-
meric 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 mesting
the formula IX (No. 9), preferably the formula X (No. 10),
more preferably the formula XI (No. 11):

(No. 9) 0.33Y/X=0.9 X

(No. 10) 0.3=27/X=0.8

”

(No. t1) 04SY/X=0.75 X1



parts by weight of styrene, 18 parts by weight of acryl GAt=—tT t
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the first reactor at 10 kg/hr, and pol ynmerization was carried out at
110[err]C. so that the solid content at the outlet of the first reactor

m ght be 28% by weight with respect to the weight of a polyneric solution.
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in the first reactaSsumng &&smélos%f 8 tﬂgﬁnlgdﬁmg%l%’s@%s | ower than

in Exanple | and meric 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 XII1 (No. 13), more preferably the formula XIV

(No. 14):
(No. 12) 0SS5/TS0.6 XI
(No. 13) 0SS/7S0.5 X1
(No. 14) 0S5/TS04 X

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 surface gloss and
impact resistance.

As described above, the addition of the second polymeric
materal 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 polymer-
ization conversion of the monomers usually carried out by a
continuous mass polymerization method or a solution poly-
merization method and the control of a stirring rotational
- J ini the reactor. The polymerization in the second step

?pc;rded out in the temperature range of from 80° to 180°
Iy o ferably from 80° 10 140° C. I the polymerization
remperature 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-acrylonitrile copolymer is
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been reached, and in the later reactors, the polymerization is
continued 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 resins is prepared via a volatile
compenent 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 rub-
bery 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 described
in Exarnple 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
25 um, both of the impact resistance and the surface gloss
are AOW

The empioyment of rubber modified styrene resins of the
present invention makes it possible to prepare molded
articles having improved impact resistance and surface gloss
than conventional molded articles. In the present invention,
the reason why both of the impact resistance and the surface
gloss are improved is not definite, but in view of the fact that
the amount of the graft in rubber modified styrene resins,
ie., the amount of the styrene-acrylonitrile copolymer
occluded in the rubbery polymer contained in rubber modi-
fied styrene resins or bonded to the rubbery polymer
increases, it can be presumed that an interfacial tension
between the rubbery polymer and the styrene-acrylonitrile
copolymer deteriorates by graft chains, so that the diameter
of the rubbery polymer particles decreases and the surface
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content at the outlet of the second reactor m ght be 36P6 by weif!
respect to the weight of the polymeri€ 28I Ttion. In the Dﬁﬁstraeﬂe:tﬁcjmgg?
rubber particles were not forned, and in the second reactor, tTubber
particles were formed. The di aneter of the forned rubber
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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 polymeriza-
tion in the second step et seq. can be inhibited to increase the
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, air condition-
ers, electric refrigerators and audio-visual equipment; gen-
eral machines such as office automation equipment, tele-
phones 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 have an extremely large industrial value.

Now, the present invention 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 eth-
ylbenzene were added to a second polymerization reactor,
but rubbery-polymer was not added thereto.

Rubber modified styrene resins was prepared by the use of
a serial polymerization device having a volume about 15
liters in which 3 complete mixing type reactors were con-
nected 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 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 1,1-bis(t-butylperoxy)-3,3,5-trimeth-
ylcyclohexane was continuously fed to the first reactor at 5.0
kg/hr by the use of a plunger pump, and the monomers were
polymerized therein. In this case, a polymerization tempera-
ture was adjusted so that a solid content at the outlet of the
first reactor, i.c., the amounts of the rubbery polymer and a




resi stance and the surface gloss of the rubber particles were inferior to

t hose of Exanple 1. The polynerization condi- tions of t eﬂlﬁm é@fﬁé@r

are shown in Table 2, and the results of the anal ysis ang $Jﬁhnwe
eval uation of the resin are shown in Falkloe-2. In this cofing

wei ght ratio of the rubbery particles to the styrene-acr Inmfrl

copol ynmer formed by this polynerization reaction in the first step was
8.0:8.0. EXAMPLE 13 The sane procedure as in

Exanpl e 9 was carr giggestlhciodiile! Bapolgthernid I@tw m&néxgdmdx@:ﬂ vas

replaced with 2, 2-g4 Bé%”mﬁt y{”g B Lk &ééﬁ%ﬁﬁ th@tor was put
in a first reactor hRE HNET N mYel ght
t hereof. The exper re§ hovvri um vrota al escri bed
above, the presentp? g%‘z‘ , 2 stimi 10nal sp

in reactor was pm, and the polymenzauon tem-

peratures were measured by thermocouples arranged at 3
positions of upper, middlc and lower positions 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
rubbery polymer, there was used a styrene-butadienc block
copolymer having a viscosity of 11 cP in a styrene solution
having a rubbery polymer concentration of 5% by weight at
25° C. (trade name NIPOL: NS3108S, made by Nippoa Zeon
Co.,.Ltd.).
In the first reactor, rubbery polymer particles were not
formed. In the first reactor, a weight ratio of the rubbery
" polymer to the styrene-acryloanitrile copolymer was 16:16.

The polymeric solution was continuously taken out from
the first reactor, and then continuously fed to the 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-dodecy! mercaptan and 0.03 part by weight of 1,I-bis(t-
butylperoxy)-3,3,3-trimethyicyclobexane 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 (.5. In the
second reactor, the polymerization of the monomers was
contimuously carried out, and the polymerization tempera-
ture 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 polymer-
ization temperature was 90° C. In the second reactor, the
rubbery polymer was inverted to a dispersed phase to form
the rubbery polymer particles. The polymeric solution con-
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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 extrusion step to form pellets.
With regard to rubber modified styrene resins, polymer-
ization conditions and the results of analysis and perfor-

mance evaluation are shown in Table 1. This resin is more
excellent in surface gloss as well as practical impact strength
at positions A and B of 2 molded article shown in FIG. 1, as
compared with the results of the undermentioned compara-
tive 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
material balance among the feed of the first material, the
feed of the second material and the solid content in the third
reactor.

(b) Average diameter of the rubber particles: A photo-
graph of the resin was taken in accordance with an ultra-thin
slice method by an electron 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= InD*/EaD? X

wherein o is the number of the rubber particles having a
particle diameter D.
(c) Preparation of test pieces: The obtained resin was
dried at 90° C. for 3 hours, and then injection-molded at a
“molding temperature of 240° C. and a mold temperature of
40° C. to prepare test pieces for the measurement of [zod
impact strength and test pieces for the measurement of
practical impact strength having a shape shown in FIG. 1.
In FIG. 1, a gate portion, i.e., an inlet through which the
molten resin was poured into the mold is represented by G.
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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. In 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 accor-
dance with JIS K-6871.

(e) Practical impact strength: A drop-weight impact
strength test was made 10 measure impact strengths at the 3
positions (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 Z-8741. Light was applied at an incidence angle of 60°
to the position C of the molded article 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 the first poly-
meric material, its feed, polymerization temperature, solid
content at the outlet of the first redctor, feed and a compo-
sition of the second polymeric material, polymerization
temperature, solid content at the outlet of the second reactor,
solid content at the outlet of the third reactor and the like. In
both the examples, rubber particles were formed in the
second reactor. Polymerization conditions and the resuits of
a performance evaluation are shown in Table 1.

COMPARATIVE EXAMPLES 1 AND 2

Rubber modified styrene resins were prepared by the
same procedure as in Example 1, changing the first poly-
meric material, its feed, polymerization temperature, solid
content at the outet of the first reactor, feed and the
composition of the second polymeric material, polymeriza-
tion temperature, solid content at the outlet of the second
reactor, solid content at the outlet of the third reactor and the
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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 1, the particle diameter of the rubber
particles increased, so that impact resistance and surface
gloss were both poorer than in Example 1. In Comparative
Example 2, the concentration of the rubbery polymer in the
first reactor was so high that the viscosity of the 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 very large.

EXAMPLE 4

In experiments of Examples 4 to 6, monomers and a
rubbery polymer were added to a second reactor, but ethyl-
benzene 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 were con-
nected in serjes. 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 1,1-bis(t-butylperoxy)-3,3,5-trimeth-
ylcyclohexane was continuously fed to the first reactor at 5.7
kg/hr by the use of a plunger pump, and the monomers were

-polymerized therein. In this case, a polymerization tempera-

ture was adjusted so that the solid content ar 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 tem-
perature was 90° C. Furthermore, a stirring rotational speed
in the reactor was 100 rpm, and the polymerization tem-
peratures were measured by thermocouples arranged at 3
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positions of upper, middle and lower positions 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
rubbery polymer, there was used the same compound as in
Example 1. '

In the first reactor, 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 the second reactor, the polymerization of
the monomers was continuously carried out, and the poly-
merization temperature was adjusted so that the solid con-
tent 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 averted to a
disperscd phase to form the rubbery polyme: -enticles. The
polymeric solution continuously drawn fro= ‘he second
reactor was fed to the third reactor, and the i vmerization
in the third reactor was carried out so that 3= wiid content
at the outlet of the third reactor might be 3% dy weight.
Next, the polymeric solution was passed throxch a volatile
component removal step and an extrusior £=p to form
pellets.

?Vith regard_to t.hc thus prepared rubber macied styrene
resin, polymerization conditions and the resz’=s of analysis
and performance evaluation are shown in Ta~e 1.

EXAMPLES 5 AND 6

Rubber modified styrene resins were precared by the
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same procedure as in Example 4, changing =e first poly-
meric matcdal, its feed, polymerization temperature, solid
content at the outlet of the first reactor, feed ané ;omposition
of the second polymeric material, polymerizz=cn tempera-
ture, solid content at the outlet of the second eactor, solid
content at the outlet of the third reactor and e like.

However, in Example 6, the composition of the second
material was composed of 67.5 parts by weight of styrene,
22.5 parts by weight of acrylonitrile, 10 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-butylper-
oxy)-3,3,3-trimethylcyclohexane.

COMPARATIVE EXAMPLES 3 AND 4

Rubber modified styrene resins were pregared by the
same procedure as in Example 1, changing the first poly-
meric matecdial, its feed, polymerization temperature, solid
content at the outlet of the first reactor, feed and composition
of the second polymeric material, polymerization tempera-
ture, solid content at the outlet of the second reactor, a solid
content at the outlet of the third reactor and the like. in both
the examples, rubber particles were formed in the secoad
reactor. The conditions of polymerization and the results of
a performance evaluation are shown in Table 2. In Com-
parative Example 3, the concentration of ethylbenzene in the
second reactor was low, so that the polymerization rate was
high, and it was difficult to adjust the solid content in the
polymeric solution in the second reactor. In additioa, impact
resistance, surface gloss and the fiuidity of the resin were
poorer than in Example 6, In Comparative Example 4, the
concentration of ethylbenzene in the first and second reac-
tors was high, so that the polymerization rate was low, and
it was difficult to adjust the solid content in a polymeric
solution in the second reactor. In addition, the fluidity of the
resin was higher than in the examples, but impact resistance,
surface gloss and the fluidity of the resin were poorer than
in Example 5, due to the cohesion of the rubber particles
formed in the second reactor.
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In experiments of Examples 7 and 8, monomers and
ethylbenzene were added to a second polymerization reac-
tor, but 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 weight of styrene, 23 parts by weight of acryloni-
trile, 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 con-
tinuously 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 the 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 19% by weight
with respect to the weight of the polymeric solution. At this
time, the polymerization temperature was 35° C. Further-
more, the stirring rotational speed in the reactor was 100
1pm, and the polymerization temperatures were measured by
thermocouples arranged at 3 positions of upper, middle and
lower positions of the reactor. In this case, the temperatures
at the 3 points were controlled in the range of an average
10.2° C., and it could be presumed that the polymeric
solution was uniformly mixed. The same rubbery polymer as
in Example 1 was used. :

[n 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
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reactor (S/T) was 0. In the second reactor, the polymeriza-

tion 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 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 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 the
first material, the polymerization temperature in the first
reactor and the composition of the second material were
changed as shown in Table 1. The ratio between the amounts
of ethylbenzene in the first reactor and the second reactor
(S/IT) was 0.5, and rubber particles were formed in the
second reactor. The results of the analysis and the perfor-
mance of the thus obtained resin are shown in Table 1. In this
connection, the weight ratio of a rubbery polymer to a
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added to the second step relative to the anount_of process

added in the first step is in the range of fr

3. The process for continuously preparing ru

styrene resin of claim1l wherein the préocess materi al

step conprises at | east one of an inert organic solven
sel ected fromrubbery poly- ner,
or styrene nonomer,

styrene nononer and acrylonitrile nononer,
acrylonitrile nonomer and an unsaturated com

scyrene—acrylonitrilc 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 the second polymerization
reactor.

Rubber modified styrene resins was prepared by the usc of
a scrial polymerization device in which 3 complete mixing
type reactors were comnected in series. A first step was
constituted of a first reactor, and a second step was consti-
tuted 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
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-trimeth-
ylcyclohexane was continuously fed to the first reactor at 7.0
kg/hr, and the monomers were polymerized therein. In this
case, the polymerization temperature was adjusted so that
the solid content at the outlet of the first reactor, ie., 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 the polymeric solution.
At this time, the polymerization temperature was 81° C.
Furthermore, as the rubbery polymer, there was used a
styrene-butadiene block copolymer having a viscosity of 11
cP in a styrene solution having a rubbery polymer concen-
tration of 5% by weight at 25° C. In the first reactor, rubbery
polymer 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 parts of acrylonitrile, 66.7 parts by
weight of ethylbenzene, 0.15 part by weight of t-dodecyl
mercaptan and 0.03 part by weight of 1,1-bis(t-butylper-
0xy)-3,3,5-trimethylcyclobexane was continuously fed to
the second reactor at 3.0 kg/br. Here, 2 ratio between the
amounts of the rubbery polymer in the first reactor and the
second reactor (Y/X) was 0.7, and the ratio between the
amounts of the organic solvent in the first reactor and the
second reactor (S/T) was 0.0. In the second reactor, the



<l

pound nononer capabl e of copolynerizing with the st yr eng=pepanee—and |j
acrylonitrile nononer. 4. The process for conti nuousij VEMLACEMENT SHERTer

nodi - fied styrene resin of claim1 wherein the proces mat e 1§
the second step is styrene nononer and &8ryloni- trile MRAONEL. ...

nmononer, acrylonitrile nononmer and an unsaturated conp

of copoly- nmerizing with the styrene nmononmer and acrylonitrile nono- ner .
i ed styrene resin

or tinuous eparing rubber nodi -

of cl'aim 3 vherei n ERD B pEHEP Rigndthesy RSt cotibiouslyLFREop | an
i nert organi c sol ve@ul and the polyanesization emperatumetwanadjustgd po &1asir i ng r ubber
modi - fied styrene thssolibéontens anthe oheetsifithe becond beaciorppighobe has a
viscosity of 3 to 1G6%ByiwcighbWithyreSicthd thd Wekdlft Sohetighirakic25(err] C.
7. The process for ggRijoRUAYShiS PhEPHe Aty biE ol W iriperature was

100° C. In 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 solution was passed through

a volatile component removal step and an extrusion siep to

form pellets. With regard to the thus prepared rubber modi-

fied styrene resin, polymerization conditons and the results

of analysis and performance evaluation are shown in Table

L. This resin was more excellent in surface gloss and impact

strength, particularly more excellent in practical impact

streagth 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, the weight ratio

of the rubbery particles to the styrene-acrylonitrile copoly-

mer 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 the

first material, the polymerization temperature in the first
reactor and the compasition of the second material were
changed as shown in Table 1. The ratio between the amounts
of a rubbery polymer in the first reactor and the second
reactor (Y/X) was 0.7, and the ratio between the amounts of
the arganic solveat in the first reactor and the second reactor
(S/T) was 0.3. 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, the weight ratio of the rubbery particles to the
styrene-acrylonitrile copolymer formed by this polymeriza-
tion reaction in the first step was 11.4:11.5.
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1 wherein in the first step, 0.001 to~238 parts by wei ght of n orgar
peroxide is added to 100 parts by weight of the nonome Datg py
step, 0 to 1.5 parts by weight of the organic peroxide | S aoR g
parts by wei ght of the nononers. 9. The process for conti nuously '
preparing rubber nodi- fied styreneEXKANIPLE 1rl ai m 3 wherein the polymeric
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preparing rubber "on tent em rrce?r?tl{eeﬁrst reeﬁ/:tcpr, errggrlnlzatl)s on o pe monomer and
second matenal and the feed of the second material were

changed as shown in Table 1. The ratio between the amounts

of a rubbery polymer in the first reactor and the second

reactor (Y/X) was 0.5, and the ratio between the amounts of

an organic solvent in the first reactor and the second reactor

(S/T) was 0.0. 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, the weight ratio of the rubbery particles to the
styrene-acrylonitrile copalymer formed by this polymeriza- |

tion reaction in the first step was 16.0:16.0.

H

EXAMPLE 12

Rubber modified styrene resins was prepared by the same
procedure as in Example 9 except that the composition of the
first material, the feed of the first material, the polymeriza-
tion temperature in the first reactor, the composition of the
second material and the feed of the second material were
changed as shown in Table 1. The ratio between the amounts
of a rubbery polymer in the first reactor and the second
reactor (Y/X) was 0.5, and the ratio between the amounts of
the 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, the weight ratio of the rubbery particles to the
styrene-acrylonitrile copolymer formed by this polymeriza-
tion reaction in the first step was 16.0:16.0.

COMPARATIVE EXAMPLE 5

" Rubber modified styrene resins was prepared by the use of
the same polymerization device as in Example 1 without
carrying out prepolymerization. A material comprising 54



fuapms ez

REP mgewféﬁ@ﬂ E»

-38-=
Deig

lonitrile nmononer, or styrene nononer, acrylonitrile no
unsat urated conpound nononer capabl e of copol yneri zi ng
nmononer and acrylonitrile
the presence of a rubbery polyner havrnéla Vi Scosi ty of {f QP inats
by weight styrene solution at 25 C. in a continuous mass po yrre"'r"f‘z‘"é’i'f‘i"é‘n
nmet hod and/or a solution polynerization nethod by the use of a serial
pol ynmeri zati on device conprising two or nore reac-

parts by weight of styrene, 18 parts by weight of acryloni-

trile, 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 by weight of 1,1-bis(t-butylper-

oxy)-3,3,5-trimethylcyclohexane was continuously fed to

the first reactor at 10 kg/hr, and polymerization was carried

out at 110° C. so that the solid content at the outlet of the first

reactor might be 28% by weight with respect to the weight

of a polymeric solution. The composition of the polymeric

solution in the first reactor was the same as that of the

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

noted that surface gloss was lower than in Example [ and

impact resistances particularly at positions A and B shownin
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 con-
nection, the weight ratio of the rubbery particles to the
styrene-acryloniu'ile copolymer formed by this polymeriza-
tion 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 the first reactor, the solid
content at the outlet of the first reactor and the polymeriza-
tion temperature in the second reactor were changed as
shown in Table 2. The same polymeric material as in
Comparative Example 6 was used, and monomers were
polymerized at 98° C. in the first reactor so that the solid
content at the outlet of the first reactor might be 16% by
weight with respect to the weight of the polymeric solution,
and the monomers were polymerized at 100° C. in the
second reactor 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. In the first reactor, rubber
particles were not formed, and in the second reactor, rubber
particles were formed. The diameter of the formed rubber



tors whereby a styrene-acrylonitrile copolynmer forms a co tREHﬂA@EMEﬁﬁ@ﬁEE@

rubbery polyner particles forma di spersed phase, said ruljbery_p ggﬁj&aw

said total nmono- nmers being used as process materials; sai dDdﬂéQQ
conti nuously preparing rubber nodified S82yrene resin com
step of feeding process material to the first reactor to carry out the

pol yneri zati on of the nononers under conditions where the rubbery pol yner

is not substan- tially inverted to the di spersed phase, and a second st
of adding process ma ﬁtﬂcﬁ!s b@stéseme@qsdmsdpﬁuyaddabem e dmpast t o

continuously carry o s fakl rbsefofttﬂ@nimegaiwés w8 to thus
I nvert the rubbery po grrer 563%? @fJSIer@‘ o éolﬁgx_process

nmeets fornula (1)
(1) wherein the amids Qf théebtmlﬁﬁﬁ?msmﬂhyISBOWnrnntTublpﬂ)camlsthcat eri al
the first step I's XpoNty6t ef‘anafydfs Pt Herf¥rmance evaluation of the

resin are shown in Table 2. In this connection, the weight

ratio of the rubbery particles to the styrene-acrylonitrile

copolymer formed by this pblymerization 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-methylbutyronitrile) and this initiator was put
in a first reactor and a second reactor every 0.018 parts by
weight thereof. The experimental results are shown in Table
L.

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 are applicable to various uses of electric appli-
ances such as electric washing machines, air conditioners,
electric refrigerators and audio-visual equipment; general
machines such as office automation equipment, telephones,
musical instruments and watches; miscellaneous goods such
as toys, cosmetic containers and sheets; cars and housing
materials. Hence, rubber modified styrene resins of the
present invention have an extremely large industrial value.

ep
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of the rubbery polynmer in the process material of the second S oby
wei ght . 12. A process for continuously preparing rulpbgep rMERT-eREETElfe
resin by polynerizing styrene nononmer and _acry- |oniti]
styrene nononer, acrylonitrile nono- nér 33nd an unsat' ol * o
nononer capabl e of copolynerizing with the styrene nomeses—ans
acrylonitrile nononer in the presence of an inert organic solvent in

accordance Wit -mpminuqus_m,s pol yner i,zatd.on, nes hoe and/ orz agsgl uti on
pol ymeri zat ifop ngihod'by t hé “use of a serFé% ﬁblyﬁ%?izgfgon dévi ce
conprising two ~qiideu.e heacy FYS, Wheneby.ag tgyr..en%acg kanifrd 1 gopol ynmer
forms a contli hudus phase and tubbery pol yifer partiTfes form a di spersed
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reactors to continuously carry out the polynmerrza-—trom o the— -

nononers and to thus invert the rubbery polynmer to the dispersed phase

wherein the process neets formula
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a second step of adding the nononers

rubbery pol yner
any |later



(1)

mat eri al
or gani ¢ sol vent

nononer,

wherein the anount of the inert organic sol vent
of the first step is 8% by weight,
in the process nateri al

13. A process for continuously preparfings
pol ynmeri zi ng styrene nononer and acry-
acrylonitrile nono-

I n the process

and t he anount
in the second step

robber nodified sfiyrenefy ggNn
rDeiéd yr.ene
=rOToTer

lonitril e nononer,
mers and an unsaturated conpo

af

the=FReFE

|REPLNCEMENT; YIRET

capabl e of copolynerizing with the styrene nononer and acrylonitrile

in accordance with a
conti nuous mass pol ynerization net hod andfastea sol ution pol ymeri zation
net hod by the use -ef—a—serTat

nononer

reac-

tors,

in the presence of an inert organic solvent

POTyIETTZat T o Jevl Ce  C QL

phase and rubbery pol yner particles fornf4

!!%!@ tWwo Oor nore
osrms‘a cg)n I nuous

whereby a styrene-acrylonitrile copol'ymer

§
Composidon of the  Styrene wt, part 537 1S 43 43 5¢ 5
Bgst polymeric Acryloniile wt. pat 179 125 14 14 18 18
romerial Ethy! bemzene wt, pat 200 200 35 35 20 2
Rubbery polymer wt. pact 84 300 8 3 3 3
Clisin transfer agest (TOM) x 1072 {5 15 15 13 15 15
wt, part
Polymerizarion inittator x 107 3 3 3 3 3 3
wi, part
Feed amount of the frst kg/a 9.5 7 57 57 10 10
lymeric material .
‘l;’:npm of the first reastor °C. 9 98 90 90 110 %
Composition of the Styrene wt, pat 60 60 69 69 0 0
second polymeric Actylonitrile wt, part 20 20 23 px] 0 Q
material Ethyl benzene wt, pert 20 20 [ 0 0 0
Rubbery polymer wt, part [} [*) 8 8 D] 0
Chain wasfer agent (TDM) x 107 15 5 s 15 0 [
wi, part
Polymerization initiator x 107 3 3 3 3 0 0
wt, part
Feed mmount of the second kg s 63 17.1 a3 0 0
iymeric matecial
w&mw’nm‘:im ofthe  Stylese.acryloninile wi, patt 8 20 132 2 3
inlet of the k
secand reactor ?Ftyr:n,:‘r wt. part 43 48 609 343 39 43
Acxylonitile wt, part 16 16 2.3 ins 16
Ethyl benzens wt, part 20 20 88 330 20 2
Rubbery polymer wt, part 8 & 8 8 8 8
Chain mansfer ageat (TDM) x 1072 15 15 is 15 15 15
wi, part
Polymerization initator x 10~% 3 3 3 k| 3 3
<™ 00 i1s 111 ] 100
Tempezature of the second seactar 100 b
Amgunt of the Srst polymeric w% 5 233 300 § 0 D]
maerials’Amount of the sesand
lymeric material
Emnt of Outlet of the firg mactor % 17 &0 2 p 3 3 18
solid Outlet of the second reactar w % 36 36 36 36 36 36
materials Outlet of the third resctor w. % 50 50 50 50 50 50
Stats of Thae frst ceactor 2; Not phase x X x x ° x
rubbery inversion
particles The sccond reactor o} Phase ° e ° s x °
inverstion
Caatent of rubbery polymer iz "% 84 30 8 ] 3 8
the first reactor (X)
Cantent of rubbery polymer in wt. % 3.0 8 8 ] 8 ]
second reactor
%x ® - 095 027 L 1 1 1
Content of organic solvent in w. % 2 20 350 350 20 20
the first reactor
Coatent of otn:(lsc) solvent in wi. % 20 20 31 330 2 0
the second reactor
s @ - f 1 4.0 Lo8 1 1
Rubbery polymer content of the wt. % 168 158 15.9 161 159 16.1
rmvmge dameter of robber pm 0.96 o7 0.89 1.9% 050 145
Suface gloss % 674 767 6.3 6.9 829 529
Surface gloss (the position A) % %2 533 50T 572 693 463
Surface gloss (the position B) % 6t35 625 313 63.5 T2 526
Surface gloss (the pesition C) % 74 767 63 69 89 H9
Izod impact streagth kg - coviem 109 1¢2 9.6 L X 112 us
Practical impact strength kg om z 26 5 2 3 kx]
dhe posit
(Pttliﬂl unp:n? swength kg-cm 5 53 47 50 55 58
(ﬂﬁm]_’ummﬂ) strength kg - cm K] 70 58 69 mn 75
ition
ﬁm&p:.l of 21! (MFT) 2/10 min. 22 23 13 $2. 21 25

................



di spersed phase, said rubbery polynmer having a viscosity of 3 to 200 cP in_

a 5% by weight styrene solution at 25[err] C, and said -
sal d nononers and said inert organic solvent being used L BER}- %%%@gh¥gﬁl’EE

materials; said process for continuous|36 preparing rubbdf noei Bi JUN émene
resins com prising a first step of feeding the process Erigh ro e
first reactor to carry out the polynerization of the nononmers under
conditions where the rubbery polymer is not substan- tially inverted to the
di spersed phase, and a second step of adding the inert organic sol vent
process material to tken ? & QMalnfdisany later reactors to continuously carry
out the pol ymerlzatlon of the nonmers and to thys invert é& ubbery

pol ymer to the di sperded PIPESES RFSABHAUPREY RISPAERE ﬁﬁ‘ﬁa (1)

styrene resin by polymerizing styrene monomer and acry-
lonitrile monomer, or styrene monomer, acrylonitrile mono-
mer and unsaturated compound monomer capable of copo-
* lymerizing with the styrene monomer and acrylonitrile
monomer in the presence of a rubbery polymer having a
viscosity of 3 to 200 cP in a2 5% by weight styrene solution

at 25° C. in a continuous mass polymerization method
and/or a solution polymerization method by the use of a
serial polymerization device comprising two or inore reac-
tors whercby a styrene-acrylonitrile copolymer forms a
continuous phase and rubbery polymer particles form a
dispersed phase, said rubbery polymer and said monomers
being used as process materials; said process for continu-
ously preparing rubber modified styrene resin comprising a
first step of feeding process material to the frst reactor to
carry out the polymerization of the moaomers under condi-
tions where the rubbery polymer is not substantially inverted
to the dispersed phase, and a second step of adding process
material to the second and any later reactors to continuously
carry out the polymerization of the monomers and to thus
invert the rubbery polymer to the dispersed phase, wherein
the amount of the process material added in the second step
relative to the amount of process material added in the first
step is in the range of from 10 to 220% by weight.

2. The process for continuously preparing rubber modi-
fied styrene resin of claim 1 wherein the amount of process
material added to the second step relative to the amount of
process material added in the first step is in the range of from
25 to 220% by weight.

3. The process for continuously preparing rubber modi-
fied styrene resin of claim 1 wherein the process material
added in the second step comprises at least one of an inert
organic solvent and a material selected from rubbery poly-
mer, styrene monomer and acrylonitrile monomer, or styrene
monomer, acrylonitrile monomer and an unsaturated com-

....-__.___..-—

|



0<S/ T<0. 6
organi ¢ sol vent

formula (VI)

i n the process nateri al
and the amount of the inert organic solvent in the proces
second step is T% by wei ght. 14. The3f@rocess for conti
rubber nodi- fied styrene resin of claim 13 wherein the pr

(I'11) wherein the anount [f[6F—FFe

el @ JEN

of the first step |%EFSS%Q£ME/%T@HEE‘.
Bg7the |

(AR 1y~ pr-epali ng.

4<Y<20

pound monomer capable of copolymerizing with the styrene
monomer and acryloritrile monomer. _
4. The process for continuously preparing rubber modi-

* fied styrene resin of claim 1 wherein the process material

added to the second step is styrene monomer and acryloni-
trile monomer, or styrene monomer, acrylonitrile monomer
and an unsaturated compound monomer capable of copoly-
merizing with the styrene monomer and acrylonitrile mono-
mer. '

5. The process for continuously preparing rubber modi-
fied styrene resin of claim 1 wherein the process material
added to the second step is an inert organic solvent

6. The process for continuously preparing rubber modi-
fied styrene resin of claim 1 wherein the rubbery polymer
has a viscosity of 3 to 100 cP in a 5% by weight styrene
solution at 25° C.

7. The process for continuously preparing rubber modi-
fied styrene resin of claim 1 wherein the continuous poly-
merization is carried out in the presence of a polymerization
initiator.

8. The process for continuously preparing rubber modi-
fied styrene resin of claim 1 wherein in the first step, 0.001
1o 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.

9. The process for continuously preparing rubber modi-
fied styrene resin of claim 3 wherein the polymeric material
added to the second step comprises rubbery polymer.

10. The process for continuously preparing rubber modi-
fied styrene resin of claim 1 wherein the rubbery polymer
particles have an average particle diameter in the range of
from 0.2 10 0.9 um.

A process for continuously preparing rubber modified
styrene resin by polymerizing styrene monomer and acry-
Ionitrile monomer, or styrene monomer, acrylonitrle mono-
mer and an unsaturated compound monomer capable of
copolymerizing with the styrene monomer and acrylonitrile

—_—
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wherein the anount of the rubbery polyner in the seco qﬁux

wei ght . 15. The process for continuously preparing BEBE&G%D “?/ -Fd n
styrene resin of claim13 wherein the _Pprocess neets t fOfHUB _____
5<T50 38 —-— (VI I) . ...............
continuously preparing rubber nodified styrene resin b po yner zi ng styrene

nononmer and acry- lonitrile nononer or styrene nononer, acrylonitrile nono-
mer and an unsaturated conmpound nononer capabl e of copolynerizing with the

styrene nononer angoaéimer dii thei preserveosth tubbkhe polyesense/ing aan inert
organi ¢ solvent i nv@ﬁ&q{ @pgqomblbpamcgg% B?%gﬁpgﬁdaglsymdnzat i on net hod
and/or a solution ROOYEE! a4 QRaffRhGR BSIyRRsiAtiof RRfHod
pol ymeri zati on devy Ca% rTPolu?xlnrx'Qbolyme:"ur.auon m&ﬁg& by the use of a
serial polymerization device comprising two or more reac-
tors whereby a styrene-acrylonitrile copolymer forms a
continuous phase and rubbery polymer particles form a
dispersed phase, said rubbery polymer and said total mono-
mers being used as process materials; said process for
continuously preparing rubber modified styrene resin com-
prising a first step of feeding process material to the first
reactor to carry out the polymerization of the monomers
under conditions where the rubbery polymer is not substan-
tially inverted to the dispersed phase, and a second step of
adding process material to the second and any later reactors
to continuously carry out the polymerization of the mono-
mers and to thus invert the rubbery polymer to the dispersed
phase, wherein the process meets formula (I)

T Q3SYXS09 m

wherein the amount of the rubbery polymer in the process |
material of the first step is X% by weight, and the amount
of the rubbery polymer in the process matcnal of the second
step is Y% by weight.

12. A process for continuously preparing rubber modified
styrene resin by polymerizing styrene monomer and acry-
lonitrile monormer, or styrene monomer, acrylonitrile mono-
mer and an unsaturated compound monomer capable of
copolymerizing with the styrene monomer and acrylonitrile
monomer in the presence of an inert organic solvent 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 reac-
tors whereby a styrene-acrylonitrile copolymer forms a
continuous phase and rubbery polymer particles form a
dispersed phase, said rubbery polymer having a viscosity of
3 to 200 cPin a 5% by weight styrene solution at 25° C., and
said rubbery polymer, said monomers and the inert organic
solvent being used as process materials; said process for
continuously preparing rubber modified styrene resins com-
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tors, whereby a styrene-acrylonitrile copolyner fornms a S AL
and rubbery polyner particles forma di spersed phase, sai Hﬁ!?lbb@EMEybﬁ'le

h
having a viscosity of 3 to 200 cP in a 5% by weight styrgphe soLugi §
25[er9] C., said ¥ubbery pol yner, said ﬁ’@nﬁ?lrer-s gnd saiyd Patet:. (L;srg'}aurﬂ ?97 ?;
sol vent being used as process materials; said process for—comrtrrnuousty ’
preparing rubber nodified styrene resins com prising a first step of
feeding the process material to the first reactor to carry out the
pol yneri zation of tgesifpndifiestsstep dfrfeedingi proedss wacdrtal ttbethe uirpery pol yner
I's not substan-  reactor to carry out the polymerization of the monomers

under conditions where the rubbery polymer is not substan-

“tially inverted to the dispersed phase, and a second step of

adding the monomers as process material to the second and

any later reactors to continuously carry out the polymeriza-

tion of the monomers and to thus invert the rubbery polymer

to the dispersed phase wherein the process meets formula

()

L1SSTSE25 ' (In

wherein the amount of the inert organic solvent in the
process material of the first step is S% by weight, and the
amount of the inert organic solvent in the process material
in the second step is T% by weight.

13. A process for continuously preparing rubber modified
styrene resin by polymerizing styrene monomer and acry-
lonitrile monomer, or styrene monomer, acrylonitrile mono-
mers and an unsaturated compound monomer capable of
copolymerizing with the styrene monomer and acrylositrile
monomer in the presence of an inert organic solvent 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 reac-
tors, whereby a styrene-acrylonitrile copolymer forms a
continuous phase and rubbery polymer particles form a

dispersed phase, said rubbery polymer having a viscosity of
3 to 200 cP in a 5% by weight styrene solution at 25° C., and
said rubbery polymer, said monomers and said inert organic
solvent being used as process materials; said process for
continuously preparing rubber modified styrene resins com-
prising a first step of feeding the process material to the first
reactor to carry out the polymerization of the monomers
under conditions where the rubbery polymer is not substan-
tially inverted to the dispersed phase, and a second step of
adding the inert organic solvent process material to the
second and any later reactors to continuously carry out the
polymerization of the monomers and to thus invert the
rubbery polymer to the dispersed phase wherein the process
meets formula (III)

* c L M s *



tially inverted to the dispersed phase, and a second step__QI__ad ' R
nmonomers and the inert organic solvent as process materi!
and any | ater reactors to continuously carry out the pol ynerization géa
nononers and to thus invert the rubbery49lyner to the d S@ﬁé&eﬁ SN L.... u
wherein the process neets formula (1V) 0. 3<Y/ X<0. '
(I'V) wherein the anount of the rubbery polynmer in the process material of
the first step is X% by wei ght, and the anount of the rubbery polyner in-
t he process material of thgy?gcgnd step is Y% by weight and wherein the
process neets formula (V)o— 208 0<5/ 7<0. 6 (1)

(_V) wherein the amount of the inert organic solvent in the
process material of the first step is S% by weight, and the
amount of the inert organic solvent in the process material
in the second step is T% by weight.

14. The process {cr continuously preparing rubber modi-
fied styrene resin of claim 13 wherein the process meets the
formula (VD)

4=Y=20 (vh

wherein the amount of the rubbery polymer in the second
step is Y% by weight.

15. The process for continuously preparing rubber modi-
fied styrene resin of claim 13 wherein the process meets the
formula (VII)

§ST=50 (vi).

16. A process for continuously preparing rubber modified
styrene resin by polymerizing styrene monomer and acry-
lonitrile monomer or styrene monomer, acrylonitrile mono-
mer and an unsaturated -compound monomer capable of
copolymerizing with the styrene monomer and acrylonitrile

. monomer in the presence of an inert organic solvent in
accordance with 2 continuous mass polymerization method
and/or a solution polymerization method by the use of a
serial polymerization device comprising two or more reac-

tors, whereby a styrene-acrylonitrile copolymer forms a
continuous phase and rubbery polymer particles form a
dispersed phase, said rubbery polymer having a viscosity of
3 to 200 cPin a 5% by weight styrene solution at 25° C., said
rubbery polymer, said monomers and said inert organic
solvent being used as process materials; said process for
continuously preparing rubber modified styrene resins com-
prising a first step of feeding the process material to the first
reactor to carry out the polymerization of the monomers
under conditions where the rubbery polymer is not substan-

R YRR A _



‘wherein the anount of the inert organi c solvent in the process.

the first step is S% by wei ght,
in the process material of the second step is T% by weig

process for continuously preparing rubbefl modi - fied sty B&
16 wherein the process neets the formula (VI) 4<Y
18. The process for continuously preparing rubber
- styrene resin of claim16 wherein the process neets the formula (VII)

(V).

5<T<50

and the ampunt of the in rﬁEp[MMEN‘lSGHEqu

|

tally inverted to the dispersed phase, and a second step of
adding the monomers and the inmert orgamic solvent as
process material to the second and any later reactors to
continuously carry out the polymerization of the monomers
and to thus invert the rubbery polymer to the dispersed phase
wherein the process meets formula (IV)

0.3=1/X=09 (tv)

wherein the amount of the rubbery polymer in the process
material of the first step is X% by weight, and the amount
of the rubbery polymer in the process material of the second
step is Y% by weight and wherein the process meets formula

(V)
0SVTS0.6 Ay

wherein the amount of the inert organic solvent in the
process material of the first step is S% by weight, and the
amount of the inert organic solvent in the process material
of the second step is T% by weight.

17. The process for continuously preparing rubber modi-
fied styrene resin of claim 16 wherein the process meets the
formula (VI)

4=Y=20 (VD).

18. The process for continuously preparing rubber modi-
fied styrene resin of claim 16 wherein the process meets the
formula (VII)

SSTSS0 (Vi)
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Process For Continuously Preparing.
Rubber Modified Styrene Reslins

ABSTRACT

A process for continuously preparing rubber modified sty-
rene resins from styrene monomers and acrylonitryle mono-
mers in the presence of a rubbery polymer in accordance
with a continuous mass and/or solution polymerization
method bv the use of serial polymerization device compris-
ing two or more reactors; said process comprising
(1) a first step of feeding a polymeric materials to the first
reactor to carry out the polymerization of monomers in
a condition where the rubbery polymer is not inverted .
to the dispersed phase, and a second step of adding a
polymeric materials to second reactors to 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 remark-

ably improved.



e
‘ REPLACEMENT SHEET

Datga 'GJUNIQQ ....... .
-1 -
FI1G.1a FIG1b
PLAN VIEW SECTIONAL VIEW
S G
! 2 I
70
g0 —XC 150}
2]
320 20
X B -
80 | - 2
Fr——-===- 7 o
: Al 60 50 qf
} ‘80: ->< ; !
LoD ~ 1 41
45 1
! ]
160 2
35 70 35

0 0 UNIT: mm



