A PROCESS FOR MANUFACTURI NG A RUBBER- MODI FI ED STYRENE RESI N c@t@%(ﬂl’?
BACKGROUND OF THE ‘| NVENT1 ON 1. Field of the Invention This inventi ircﬂ;
relates to a process for manufacturing a rubber-nndified styrene resi

conposition. In particular, it relates to a process for manufacturing a
rubber-nodified styrene resin conposition with high fluidity which is
I nproved in_inpact resistance by conducting polynerization in particul ar

conditions.” 2 ' it t te PQl ystyrene is a
ransparont APaGEESS B MlaBeACNE A RuBhee-Hoiin T Saviudie res

I nsul ati on, but has poor i npact resi%%ﬁgﬁgﬁgﬁﬁégresolving t he probl em

t here has been devel oped hi gh i npact ins in which a rubbery

pol ymer is incorporated. Known high inmpact styrene resins include a sinple

bl end of polystyrene and a rubbery polyner, which is, however, inadequately
I mproved 'in inpact resistance, Thus, it is compn to manufacture a rubber-

t 1s
nodi fi ed styrene resin conpogﬁpgﬁﬁqﬁﬂﬂ1Qﬁxﬁp$nB§¥FN?§9Nstance by adding a

rubbery pol yner duri,ng polynerization of styrene to graft styrene to the
rubbery polygﬁr fo%lleﬁ'ﬂr&ﬁlﬁ@edirs’ﬁéﬁ%Fb?Pity of the rubbery polymer. It is
wel | known that the physical properties of the rubber-nodified styrene
resin conposition TBAst Apventaonsrelates to a process for manufacturing

a rﬁbber-modified styrene resin composition. 1In
particular, it relates to a process for manufacturing a
rubber-modifiedstyfeneresincompositionwithhighfluidity
which is improved in impacf resistance by conducting
polymerization in particular conditions.

2. Description of the Related Art ]

Polystyrene is a transparent and hard resin with good
dimensional stability and electric insulation, but has poor
impact resistance. For resolving the problem, there has been
developed high impact styféne.resins in which a rubbery
polymer.is incorporated. Known high impact styrene resins
include a simple blend of polystyrene and a rubbefy polymer,
which is, however,'inadequately improved in impacf
resistance. Thus, it is common to manufacture a rubber-
modified styrene resin composition with good impact
resistance by adding a rubbery polymer during polymerization
of styrene to graft styrene to the rubbery polymer for
improving dispersibility of the rubbery polymer.

It is well known that the physical properties of the

rubber-modified styrene resin composition manufactured as
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-2- “descri bed above substantially depend on the size and the structure of
t.ne. rubbery pol ymer particles. Thus, preparation of a rubber-nodified
styrene resin conposition with good physical properties has been attenpted
by controlling a particle norphol ogy of -t Be=rubbery polynmer. Currently,
such inpact-resistant polystyrene resins are industrially manufactured by a
pol ynmeri zati on process such as bul k pol ynerization, solution '
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and emnul si on pol ymeri zati on. Sé, “cont’ nuous bu polyneri zati on
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are.industrially manufactured by a polymerization process
- such as bulk polymerization, solution polymerization,
suspension polymerization, bulk-suspension polymerization
and emulsion polymerization.

Among these, continuous bﬁlk polymerization has been
commonly employed in a large scale progluction because it can
provide a large amount of pro&uct with uniform physical
properties at a low-cost._

In continuous bulk polymerization, a synthetic rubbery
polymer is used as a msdifier.for manufacturing a
impact~resistant styrene resin. Usually, the rubbery
polymer is crushed by a mill into chips, which are then added
and dissolved in styrene monomer. To the mixture are added
additives such as polymerization initiators, molecular
weight regulators and antioxidants, and then the resulting
mixture is polymerized.to providé a styrene resin with good
impact resistance in which the rubbery polymer particles
occluding polystyrene are dispersed by grafting styrene

molecules in the double bonds of the rubbery polymer.

Since impact-resistant styrene resins thus



occt udi ng pol ystyrene are dispersed by grafting styrene nolecules in the
doybl e honds of the rubbery polyner. Since inpact-resistant styrene resins
t hus -3- manufactured have a good bal ance between i npact resistance and
har dness, ABS resins have been increasi ngBy=replaced with rubber-nodified
styrene resins, in a nunber of industrial parts such as those in household
el ectrical appliances, OA equi pnent or autonpbiles. For exanple, they have

been used i n s dit L8 @REd IRV P glid) pi idhde PGSO figa s anss { 9F akéle bY

injection nolding. Recently, resi'n materials with higher fluidity have been
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in a large and thin molding with a more complex shape formed
by ihjection molding. Recently, resinmaterials with higher -
fluidity‘have.been.desired for improving their formability..

Increasing the amount of a rubbery polymer added in.a
rubber-modified styrene resin composition may be, however,
more effective in improving impact resistance, while
reducing fluidity. )

Reducing the molecular weight of the matrix using a
large amount of chain tra_nsfer agem: is known as a method
for improving fluidity. The method may, however, reduce
impact resistance. ”

USP-4493922 and JP-A 63-112846 have disclosed
procedures for improving impact resistance, where a

- rubber-modified styrene resin coméosition containing
rubbery-polymer particles with a single occlusion structure
formed from a styrene-butadiene oopolymer rubber is blended
with a common rubber-modified styrene resin composition
containing a small amount of rubbery-polymer particles with
~a salami structure. These procedures may give a resin with

improved impact resistance, but make the production process

more complicated and cannot realize sufficient physical



rubbery-pol ynmer particles with a single occlusion structure fornmed from a:
st yrene-but adi ene copol yner rubber is blended wwth a common rubber-nodified
styrene resin conposition containing a snmall anmount of rubbery-pol yner
particles with a salam structure. These precedures may give a resin with

| nproved i npact resistance, but nmake the production process nore
conplicated and cannot realize sufficient physical -4- properties. JP-A
52-86444 has djisclosed a inpact-resistant polystyrene(H PS) prepared using
a polybutam<?e§9?ﬁﬁkﬁsrn whi ch at |east 90 nolar % of butadiene units in

th I hai bS a4 . bb I ddi ti on,
Jp-B S5 30525 has OF B 52580488 SRR ST LTI F cipRE i B sk anEent 1 n &

in, [ ticul I bt ai ' | .
ber o do.  BomPDre (EeRe HEHSN PLebAzgd hesBuce Fo bbubdafang foEbSp sa
particl e s, 2R (A1 IRaRt SOUEPIATP AEAPEpRNieas ABBERy PO yHa HPReE
adj usted by using a particular_rubbery polyner, but not disclosed a

techni que forchfEia%ER® WPEngia-tubpolPrfodiad & RRHE PRLYReEonpbRi ti on

which can inprove fluidity of a_product, keeping
addition, JP-B 55-30525 has disclosed a procedure for

incéeasing a gel content in a resin, using a particular
rubbery polymef obtained using an organic pefoxide. Both
of these procedures may, however, reduce fluidity.

JP-As 60-130613 and 60-130614 have disclosed a resin
composition in which the particle size and its distribution
of a dispersed rubbery polymer are agjusted by using a
particulér rubbery polymer, but not disclosed a technique
for manufacturing a rubber-modified styrene resin
composition which c.an improve fluidity of a product, keeping
its impact resisﬁance high.

JP-B 6-99531 has disclosed a process for manufacturing
a styrene resin with high impact resistance where a styrene
compound is polymerized, adjusting a ratio between an organic
peroxide and a chain transfer agent. This process may
provide a stjrene resin with high impact resistance; which
is, however, not highly fluid. |

It is well known £hat in general a polymerization rate
is proportional to a square root of an initiator concentration

in radical polymerization. However, the relationship is not

appropriate when a chain transfer agent which reduces the

s



its'inpact resistance high. JP-B 6-99531 has disclosed a process for

manuf acturing a styrene resin wth high inpact resistance where a styrene’
conmpound i s polynerized, adjusting a rati o between an organi c peroxi de and
a chain transfer agent. This process may provide a styrene resin with high
| mpact resistance, which is, however, not highly fluid. It is well known
that in general a polymerization rate is proportional to a square root of
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peroxide.

Using an organic peroxide alone may make the particle
size distribution broader in proportion to its amount. In
any case, the relationship between the concentrations of the
organic peroxide as an initiator and of the chain transfer
agent has little understood. Furthermore, relationship of
the ratio and physical properties of a resin produced has
not been understood at all.

Thus, a process for manufactu;ing a rubber-modified
styrene resin which may be, for example, formed by injection

molding and which is suitable as a resin material for a large

and thin molding with a complex shape, has been desired.

SUMMARY OF THE INVENTION
An objective of this invention is to provide a process
for manufacturing a rubber-modified.styrene-resin
composition which has high fluidity during a formimj process
and having a high impact resistance in a good balance of
physical properties.
We have intensively attempted to solve the above

" problems, investigating influence of various factors related



the'rati o and physical properties of a resin produced has not been
understood at all. Thus, a process for manufacturing a rubber-nodified
styrene resin which may be, for exanpte, formed by injection nolding and
which is suitable as a resin material for badarge and thin nolding with a
conpl ex shape, has been desired. SUMVARY OF THE | NVENTI ON An obj ective of
this invention is to provide a process for manufacturing a rubber-nodified

styrene resrqﬁfgﬂyﬁﬁgéﬁ?gaﬁﬁbﬁh°%a§42§%§%§£§f%é#rgﬂégn?“gﬁgghthg process

and having a resi stanc ance o ysi ca
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determining the relationship between concentrations of an
inii‘:iator and a chain transfer agent for increasing an amount
of styrene grafting to a rubbery polymer and controlling the
particle size and its distribution of the dispersed.rubbery
poiymer even when molecular weight reduction is effected
aiming at improviné fluidity, by which we can achieve the
above objective.
This invention provides a process for manufacturing é
rubber-modified styrene resin composition in which a
continuous phase consists of a.styrene resin and a dispersed
phase consists Bf a.diene polymer type of rubbery polymer
occluding a styrené resin by bulk or solution polymerization
using a continuous polymerization apparatus consisting of
at least two reactors including at least one complete-mixing
type of reactor, comprising
converting 20 to 35% of a styrene compound monomer to
a polymer in the first complete mixing type reactor in the
polymerization system to form a dispersed phase consisting
of the.rubbery polymer, charging a material in the first
~complete mixing type reactor (hereinafter, referred to as

the “polymerization material solution”)



particle size and its distributi'on of the dispersed rubbery pol yner even
when nol ecul ar wei ght reduction is effected aimng at inproving fluidity,
by which we can achi eve the above objective. This invention provides a
process for manufacturing a rubber-nodifidd-styrene resin conposition in
whi ch a conti nuous phase consists of a styrene resin and a di spersed phase
consists of a diene polyner type of rubbery polyner occluding a styrene

resin by -bul k o %ﬁg*ﬁlfn%ﬂ | ¥8%4 bédhi %qﬁﬁdghé& ntinuous pol ynerization
a eac

apparatus consisting o east two rs 1nc uaing at | east one
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styrene conpou nononer to a palyner e fir;t conplete mxing type
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styrene- conpound nononer: 60 to 85 parts_hy weight (b), an aromatic _sol yent:
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solution in . 2 parts by weight, when the total amount of the
sty;:ene-compound monomer, the aromatic solvent and the diene
rubbery polymer is 100 éarts by weight;
(2) containing, in relation to the styrene-compound
monomer,
(a) 20 to 300 wt.pbm of an organic peroxide and
(b) 0 to 350 wt.ppm of almolecular yeight regulator; and
(3) meeting the following equation:
9 < 15[(11%/2/[EJ+[S]1/3 < 21.[1]
wherein [I], [E] and [S] are the concentrations of the
organic peroxide (wt.ppm), the aromatié soivent (wt.%) and
the molecular weight regulator (wt.ppm), respectively;
increasing the cbnversion of the styrene-compound
monomer ratio to 50 to 95 % in the subsequent reactors; and
separating the resulting product from the remaining
monomer and the solvent, to provide a rubber-modified styrene
resin composition in which the rubbery polymer as a dispersed
phase has a volume-average particle size of 1 to 4 um and
the ratio(D1/D2) of 10 % value(Dl) to 90 % value(D2) of the

cumulative particle size distribution by volume ranges 3 to

20.



styrene has a viscosity of 30 to 90 centipoise at 25 [err]C. 3 to 20 parts
by wei ght, when the total anpunt of the styrene-conpound nononer, the
aromati c solvent and the diene rubbery polyner is 100 parts by weight; (2)
containing, in relation to the styrene-corp@und nononer, (a) 20 to 300

wt . ppm of an organic peroxide and (b) 0 to 350 wt.ppm of a nol ecul ar wei ght
regul ator; and (3) neeting the follow ng equation: 9 [err]

15[1][err]/[E]+H[ ] [e err] 21.._.[1] whereip.[I|] ..and [S] are the
concentrations of théhgrg§ﬁl sﬁéﬁﬁd%ﬂiiV&Q%ﬁﬁgfLPhgeéggﬁgPﬂc sol vent

w.% and the nol ecyl ar i ght .requl ator (w. . respectively;
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val ue(D1) to 90 % val ue(D2) of the cunulative particle size distributiaon by
vol une ranges R¢enbp.and Lhe concentration of the aromatic solvent added

in the polymerization system; and

secondly, converting 20 to 35% of a styrene compound
monomer to a polymer in the first complete mixing type of
reactor to attain a desirable relationship between the
particle size and its distribution of the diene rubbery
polymer including the styrene résin sincé the size and the
distribution affect improvement of tpe balance between
fluidity and impact resistance of the styrene resin

composition.

DETAILED DESCRIPTION OF THE INVENTION

Styrene-compound monomers herein include styrene;
side-chain alkylated styrenes such as a-methylstyrene and
a;ethylstyrene; nuclear alkylated styrenes such as
vinyltoluene, vinylxylenes, o-t-butylstyrene and p-t-
butylstyrene; halogenated styrenes such as
monochlorostyrene, dichlorostyrenes, tribromostyrenes and
tétrabromostyrenes; p-hydroxystyrene; and o-
methoxystyrene; particularly, styrene, a-methylstyrene and
vinyltoluene. These styrene-compbund.monomers can be used

alone or in combination of two or more.



The 'process of this invention requires, firstly, maintaining the

rel ationship represented by Equation [1] wth respect to the anmounts of the
organi ¢ peroxi de and nol ecul ar wei ght regul ator (the chain transfer agent)
and the concentration of the aromatic sel 8ent added in the polynerization
system and secondly, converting 20 to 35% of a styrene conpound nononer to
a -polynmer in the first conplete mxing type of reactor to attain a

desirabl e rel ati onghip_between .t he particl lze and its distributi of
the drene rubbery DUPBFeratHERimERRE £t Sh I cipBERa=E] sleh ne Hesdln
the distribution affect inprovenent of, {he .bal apnce between fluidity and
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di chl orostyrenes, tribronostyrenes and tetrabronostyrenes; A

p- hydr oxyst yrene; ARJtBiSdPNERFdORedd iSaas8aNEHIE) tQ45@ AN organic
[err]-nethyl styrene and vinyltol uene. These styrene-conpound nononers can
be used al ondP¥¥OxHdeoRBi APPbymerigasion dgdidiator during granulation

of ; rubbery polymer. The amount of the organic peroxide
is preferably in the range of 20 to 300 wt.ppm, more preferably
30 to 250 wt.ppm to styrene-compound monomers in a solution
of the rubbery polymer.

If the amount is less than 20wt.ppm, graft reaction of
the styrene-compound monomer to the ru}:)bery polymer does not
proceed to adequately improve impact resistance. If it is
more than 300 wt.ppm, it may adequately increase a graft rate
of the styrene-compound monomer to the rubbery polymer to
prepare a rubber-modified styrene resin composition with
high impact resistanqe, but may inappropriately reduce
fluidity.

Organic peroxides generally used in polymerization of
a styrene-compound monomer may be used in this invention,
which include peroxy ketals such as 2,2-bis(t-
butylperoxy)butane, 2,2—biskt-butylperoxy)octane, 1,1~
bis(t-butylperoxy)-3,3,S-trimethylcyclohexane, 1,1-
bis(t-butylperoxy)cyclohexane and 4,4-bis(t-
butylperoxy)valerate; dihydrocarbyl péroxides such as

di-t-butyl peroxide, t-butyl cumyl peroxide, dicumyl



-9->Qther radical -polynerizabl e nononers such as net hyl nethacryl ate,
acrylic acid, phenyl naleimde, acrylonitrile, acrylam de and mal eic
anhydride may be added in an anmount of up to 25 % to the styrene-conpound
nmononmers. In this invention, it is essentil 40 use an organi c peroxide as
a polynerization initiator during granulation of a rubbery polyner. The
anount of the organic peroxide is preferably in the range of 20 to 300
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2, 2-bi s(t-butyl peroxy).octane, 1,1- . .
bis(t-butylpe¥6%9?3§¥§,-ﬁﬂQQX%rB@%@%%Gﬁex9ﬁ8?°¥}lPerOXLde' 2,4~

diéhlorobenzoyl peroxide and m-toluoyl peroxide; peroxy
dicarbonates such as diisopropylperoxy dicarbonate,
diethylhexylperoxy dicarbonate, di-n-propylperoxy
dicarbonate, dimyristylperoxy dicarbonate,
diethoxyethylperoxy dicarbonate, dimethoxyisopropylperoxy
dicarbonate and di(3-methyl-3-metho§ybutyl)peroxy
dicarbonate; peroxy esters such as t-butyl peroxyacetate,
t-butyl.peroxyisobutyrate, ﬁ-butyl,peroxypivalate, t-butyl
peroxyneo&ecanoate, t-butyl peroxy-2-ethylhexanoate, t-
butyl peroxy-3,5,5-£fiméthy1hexanoate, t-butyl
peroxynourate, t-butyl peroxybenzoape, t-butyl
peroxyisophthalate, 2,5-dimethy1-2,5-_
di(benzoyléeroxy)hexane and t-butyl
peroxyisopropcharbonate; ketone peroxides such as
acetylacetone perqxidé, methyl ethyl ketone peroxide,
cyclohexanone pefoxide, 3,3,5-trimethylcyclohexanone
peroxide and methylcyclohexanoné peroxide; and
hydroperoxides such as t-butyl hydroperoxide, cumene
hydroperoxide, diisopropylbenzene hydroperbxide, 2,5-

dimethylhexane-2,5~dihydroperoxide and 1,1,3,3-



bi s(t-butyl peroxy)cycl ohexane and 4, 4-bi s(t- butyl peroxy)val erate;

di hydrocar byl peroxides such as di-t-butyl peroxide, t-butyl cunyl

per oxi de, di cunyl - 10 - peroxide, a,a-bis

(t- butyIperoxylsopropyl)benzene 2,5- dinklhyl -2, 5-di(t-butyl peroxy)hexane
and 2,5-dinethyl- 2,5-di(t- butyIperoxy)hexyne-S; di acyl peroxides such as
acetyl per oxi de, isobutyryl peroxi de, octanoyl peroxide, decanoyl peroxide,
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regulator. A molecular weight regulator is generally used
in an amount of 0 to 350 wt.ppm, preferably 0 to 250 wt.ppm
to a styrene-compound honomer.' Any molecular weight
regulator generally used in polymerization reaction of a
styrene compound may be used, which includes meréaptan
compounds, preferably alkylmercaptan compounds and o-
methylstyrene dimer.

This invention is characterized in that an afomatic
solvent is used in an amount of 5 to 35 parts by weight,
preferably 15.£o 35 pérts by weight, to a polymerization
material solution. If the amount is ;ess than 5 wt.parts,
fluidit_y may be reduced, while if it is more than 35 wt.éarts
the organic peroxide may not be adequately effective to
improve impact resistance. |

Aromatic sol&ents which may be used include benzene,
toluene, ethylbenzene, n- and i~-propylbenzenes, o-, m- and
p-xylenes, o~, m- and p~diethylbenzenes and their mixtures.

It is also known that aromatic solvents have an effect
as a chain transfer agent. Thus, these aromatic solvents

may be used in combination with a molecular weight regulator



per oxyi sopr opyl carbonat e; ket one peroxi des such as acetyl acet one peroxi de,
met hyl ethyl ketone peroxide, cycl ohexanone peroxide,
3,3,5-trimethyl cycl ohexanone peroxi de and net hyl cycl ohexanone peroxi de; and
hydr oper oxi des such as t-butyl hydroperoxl2ler cunene hydroperoxi de,

di i sopropyl benzene hydroperoxide, 2,5- dinethyl hexane-2, 5-di hydroper oxi de

and 1,1, 3, 3- tetranet hyl - butyl hydroperoxi de. Anong these, 1, 1-
bi s(t-butyl pero - -trinethyl cycl ghexane i s nost _pr e
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aromatic sol ulatQLed in an anount of 5 to 35 parts by weight,

r ef er abl 15 to 35 parts by weight, to a polyperizati
P y Wephave f%und %hat an oéba ic peroxgge, an aromatic

sol;ent and a molecular weight regulator can be used in a
ratio represented by Equation [1] to reduce the particle size
of the rubbery polymer and to keep the particle size
distribution relatively narrower while keeping a graft rate
of styrene to the rubbery polymer, to provide a rubber-
modified styrene resin composition w}th a good balance
between impact resistance and fluidity.

In this invention, it is essential to use a
polymerization materiai solution inwhich the concentrations
of the organic peroxide[I](wt.ppm), the aromatic
solvent{E](wt.%) and the molecular weight
regulator{S](wt.ppm) meet Equation.[l]z

9 < 15[11Y2/[E)+[S1Y/? < 21117,
preferably Equation [2]:
9 < 15(11Y2/[E1+[8)Y/3 < 15.-[2]

Using the polymerization material solution, a
rubber-modifiedstyreneresincompositionwithhighfluid;ty
and impact resistance which has # good balance of its physical
propertieé, can be prepared by converting 20 to 35% of ‘a

styrene compound monomer to a polymer in first mixing reactor

-



material solution. If the amount is less than 5 wt.parts, fluidity may be
reduced,. while if it is nore than 35 wt.parts the organi c peroxi de nmay not
be adequately effective to i nprove inpact resistance. Aromatic solvents
whi ch may be used include benzene, tol uerkd -ethyl benzene, n- and

| - propyl benzenes, o-, m and p-xylenes, o-, m and p-diethyl benzenes and

their mxtures. It is also known that aromatic solvents have an effect as a
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styrene resin corrpOSItlon wi th a good bal ance
ranges 1 to 4 um, preferably 1.5 to 4 ym and the ratio of

10 %.value to 90 % value of the cumulative particle size
distribution by volume ranges 3 to 20, preferably 3 to 15.

.In particular, when a.polymerization material solution
meeting Equation [2] is used, a molding may have the
above-mentioned high fluidity and impact resistance, may be
improved in damping property, i.e., reduction of vibration
when the molding is vibrated, and may reduce an impact sound,
i.e., a sound when an impact is applied to the molding.
Utilizing these properties, for example, a plate formed by
laminating an iron plate and a sheet from a resin composition
of this invention can be used as a vibration-absorbing plate
or a soundproof plate for reducing an impact sound.

It should be emphasized that a molding from.a
conventional HIPS may be broken when a nail is driven on it,
while a molding from a rubber-modified styrene resin
composition of the present invention can be satisfactorily
nailed.

In this invention, a rubbery polymer is preferably a
diene type, and the above styrene-compound Monomer or Monomer

mixture containing a given amount of the rubbery polymér may



bet ween inpact resistance and fluidity. In this invention, it is essenti al
to use a polynerization material solution in which the concentrations of
the organic peroxide[l](wt.ppm, the aromatic solvent[E](wt.% and the

nol ecul ar wei ght regulator[S] (w.ppn) meetd Bquation [1]: 9 [err]

15[ 1] [err]/[El+[S][err] [err] 21..... [1], preferably Equation [2]: 9 [err]
15[1][err]/[E]+[S][err] [err] 15 .....[2] Using the polynerization materi al

[ 1ferr]/[E Sl [err] | . the pol yeri zat i on mat
and | mpact v 4 AR RHTEh RaSEaP ot SBAFAAGD B e ek TS pribeet e

can be prepared by converting 20.tqQ 35%.0f a styrene conpound nononer to a
polyneri|1fi3éiy$%§iﬂﬁ {éﬁcgﬁfulglpgl§tyqﬁ??(#%é%?%?Spersed phase of the

bb | : i h ti tip 10,50 10 95 %in the .
Cubsequent Lot | nuARESEBacRoPSWEAn GRS 19 The TRLRPER,FOVRRI AR ( om

t he remai ni ng nononer, and the sol vent, tq form.rubbery-pol r di spersed
particles in SH%ENS RAF eV L8ePagEYp Lt 2& N g%eegeqe}/l?nﬁyﬁ(? e ?]iﬁ
preferably 1.5 to 4 [err]mand the ratio of 10 .%value to 90 % val ue of the

cumul ati ve parantipotse asimaasunad @t B35 V6 urBhe mhiene rubbony pelymesbl v

3 to 15.
may be a homopolymer or a rubbery copolymer of the diene

coméound with another monomer; particularly a butadiene
polymer in which at least 90 molar % of butadiene units in
the polymer chain are of cis-1,4-bond or styrene/butadiene
copolymer.

The diene rubbery polymer may be used preferably in a
proportion of 3 to 20, more preferably 5 to 20 parté by weight
to 100 parts by weighf of the polymerization material
solution.

In thié invention, it is necessary th;aat avolume-average

- pafticle size of the rubbery polymer formed as described above
is 1 to 4 um. A volume-average particle size herein is
determined as follows. A resin is sliced into an ultrathin
section sample by an ultrathin sectioning method, whose
electron microgfaph is then taken. Then, 500 to 700
particles of the rubbery polymer in the photograph are
measured for their shorter and longer axes, whose average
is determined as a particle size, and then a volume-average
particle size is calculated according to the following

equation. ’

Volume-avérage particle size‘ZnD"/EnD3



In particular, when a polynerization material solution neeting Equation [2]
I.s .used,. a nol ding may have the above-nentioned high fluidity and i npact
resi stance, may be inproved in danping property, i.e., reduction of

vi brati on when the nolding is vibrated~ &% sy reduce an inpact sound,
I.e., a sound when an inpact is applied to the nolding. Utilizing these
properties, for exanple, a plate fornmed by lamnating an iron plate and a

sheet froma resin.co OsltiéH%(ﬁ his inve

vi brat i on- absor bi f§ Pt Br
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sound. It should be enphasized that a nolding froma conventional H PS may

be broken wh@nS&2Z®a0f s MM ven on it, while a nolding froma

rubber-nodi fied styrene.resin conposition of the.present .inventi can be
satisfactorily naiﬁ"é*d‘. G{i}}f’ t“Fﬂan‘“?%Pv%ﬁ?Fﬁﬁ,e Rafr Bﬁ&%y SIAS efsp(r)cg’faé} le y a

di ene type,

and the above styrene-conpound nmononmer or nonomer m xture

cont ai ni ng al@irvenresydivdng nuhbexmmedifpedyFEYTRRE resim bas geduced
pol ymeri zed to formdi spersed particles of the rubbery polynmer in the

resul ti ng st}mpastpsephatangs civhibeswhen, sbpusilgr 48 mexe

In styrene has a_viscosity of 20 to 100, preferably 30 to 90

a molding may have a poor appearance, in particular a poor
suréace gloss.

The volume-averagéd particle size may depend on an
agitation power of the agitator, a reaction temperature and
an amount of an organic peroxide in a reactor. Specifically,
stronger agitation may make the particle size smaller; a
higher reacﬁién temperature may make the particle size
larger; and an increased amount of the organic peroxide makes
the particle size smaller. The particle size can be
controlled by adjusting these values within the range of this
invention. “ . |

In this invention, a rubber-modified styrene resin
composition with a good balance between fluidity and impact
resistance can be prepared by adjusting a ratio of D1/D2
(hereinafter, referred to as a “distribution coefficient”)
within the range of 3 to 20, where D1 and D2 represent particle
sizes whose cumulative particle size distributions by volume
are 10 % énd.SO % when cbunting the number of particles of
the rubbery polymer from those with the largest size.

Preferably, the ratio should be within the range of 3

to 15 for improving impact resistance, an appearance,

dhasy i ey ner



centipoise as neasured at 25 [err]C. The di ene rubbery polynmer may be a
honopol yner or a rubbery copol ymer of the diene conpound w th another
mononer; particularly a butadiene polymer in which at |east 90 nol ar % of
but adi ene units in the polyner chain are a6 e s-1, 4-bond or
styrene/ but adi ene copol yner. The di ene rubbery polynmer may be used
preferably in a proportion of 3 to 20, nore preferably 5 to 20 parts by

1o 90 0. 00gBaFS Bupts, o AP ECbUTRRRSEL PRaTHIRFFERRRSANLT 17,
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vol une- average Rparticle size is_ calcul ated accgordi ng to the follown

equation. Vol Bhe- aheR%gEags rresident, Eipe, dApppng, PPAYELILZH L4 and -%hfs -

amount of the organic peroxide. The stronger agitation is,
théémallerthedistributioncoefficientis,whilethelonger
the resident time, the smaller the distribution coefficient
is. The distribution coefficient may be controlled by
adjusting these factors.

A ratio outside the range is not preferable due to
genération of particles with a signi'ficantly large
volume-average particle size or an unusual shape, leading
to reduction of impact resistance and poor appearance pf a
molding. |

In this invention, a convert ratio of styrene-compound
monomers can be controlled by adjusting known factors such
as a polymerization temperature, a type and a concentration
of a polymerization initiator used and a resident tiﬁe.

The polymerization temperatufe in the process of this
invention is generally 50 to 200 °C, preferably 80 to 150
°C.

The convert ratio may be increased by increasing the
polymerization temperature, the concentration of the organic
peroxide, the polymerization duration and the resident time.

The convert ratio can be, therefore, controlled by adjusting

s -



where n is the nunber of rubbery polyner particles with a size of D[err]m
When the vol une-average particle size is less than 1 [err]m a resulting
rubber-nodi fied styrene resin has reduced inpact resistance, while when the
size is nore than 4 [err]m a nolding maylhave a poor appearance, in
particul ar a poor surface gloss. The vol une-averaged particle size may
depend on an agitation power of the agitator, a reaction tenperature and an
amount of an ,Qqrganic_peroxide in a reactor. Specifically, stronger
agitation nafﬁﬁgﬁi AMAFEFere size smaller; a higher reaction tenperature

may nmaeke the partigle,size |arger; .an | ncreased, anpunt of the or.ganic
per oxi de makes thefta?'?i B?Ee§ﬁg§3’sr¥§ﬁ¢e?tﬂ‘eﬂ‘%° ?FtheéP?ePEgﬁeﬁg +
controlled by adjustjng these vyal.ues within the range of .this invention. In
Chis Dnvent ot e LSS brcar Bang: when Somditte LRt s BRoRe: REIR 5%,

bal ance betmeggbgluidit and j npact resistanci can be prepared b adL$sting
aratio of DEDMEREA erizakieny P tQ afslgask LyVp;§ P%rFCE'E%‘TJFFr @nt")
within the range of 3 to 20, where DI and D2 rg@;esent particle sizes whose
cunul ati ve pard¥RiRg s? AiprseduPhane B Fortbberive PRI RS EYF W Wb -
counting the nunber of particles of the rubbery polgner fromthose with the
| ar gest si ze.th® Pp&itdnle sine and i&ssqbgrgibutipnpeh theerphRgeyobyner 15

for inproving inpact resistance, an appearance, . )
. ‘and improving the comnversion of monomer ratio. In brief,

in the first step starting monomers are continuously supplied
in the polymerization reaction system, polymerizing 20 to
35% of the styrene compound in a complete' mixing type of
reactor to form a dispersed phase of the rubbery polymer;
increasing the reaction ratio to 50 to 95 % in the subsequent
continuous reactors while controlling the particle size and
its distribution of the rubbery polymer; and removing the
resulting polymer from the polymerization reaction system,
to provide a product with considerably high fluidity and
impact resistance.

In the first step, as polymerization is proceeded from
the polymerization material solution containing the rubbery
pblymer-, leading to increase of the amount of the styrene
polymer, the rubbery polymer which has been in a cbntinuous
phase in the polymerization material solution is gradually
separated to give particles by sheari_né force generated by
agitation, during which the size. and its distribution of the
particles can be adjusted. The reactor used in the first

step must be a complete mixing type. If the reactor is not



- 16 - specifically gloss, of a nolding. The distribution coefficient may
be controlled by adjusting factors such as the nol ecul ar wei ght

di stribution of the rubbery polynmer, the mxing ratio of the rubbery

pol ymer, an agitation power and an averagbsre3|dent time during

pol ynmeri zation and the amount of the organi c peroxide. The stronger
agitation is, the smal ler the distribution coefficient is, while the |onger

the resident 4 idgmpidee SHEkifE tPBelbS! thRHbicE COR f14L 8014 S1edbthan
di stribution coef clent may De ntrolle by adjustlng t hese actors
ratio outsideghg <ff‘ﬂ?5‘ré5tﬂsfn Bseger il gl lgﬁf‘fé@it%oéd T‘Ehés
with a significant arge vol unme- average art| € Size or an uhusua

shape, | eadi f@xéf&'%ié&“ogf thiP \r?x?:b:e;%} ?@#W?E“dﬂﬂ}%ﬁg%ﬁ%rsﬁ%%l‘g a

mol ding. In 'S 1 nvention conve yf efe- cofpound nononer s
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reduction in impact resistance or fluidity.

The complete mixing type of reactor herein should not
be necessarily a reactor which can perform an ideal complete
mixing; any reactor equipped with an agitator which can
generate sharing force by agitating to form rubber particles
may be used. Such reactors have been described in, for
‘example, Figs 7.3, 7.4, 7.5 and 7.6 (p.}82 - 187) in Yasuharu
Saeki, Koji Saeki and Shinzo Omi, “Novel Processes.for
Manufacturing Polymers”, Kogyo Chosa Kai.

After the first step in which the rubbery polymer
paréiclés have been formed, a postpolymerization step in
which polymerization is further proceeded maintaining the
shape of the rubbery polymer particles should be conducted
.for improving the conversion of monomer ratio. In the
postpolymerization step, any tYpe of reactor may be used;
a complete mixing type or towér type of agitation tank as
well as a tube type reactor may be used. The convert ratio
of the monomers to the polymer at the end of the
postpolymerization step should be 50 to 90 wt%, preferably

50 to 85 wt%, more preferably 50 to 80 wtS$.

A molding from a rubber-modified styrene resin



The ‘convert ratio may be increased by increasing the polynerization
tenperature, the concentration of the organic peroxide, the polynerization
duration and the resident tine. The convert ratio can be, therefore,
controlled by adjusting - 17 - these p8raneters. It is necessary that

t he pol ynerization process is controlled by dividing it, conducting

conti nuous bul k or solution polynerization, into at | east tw steps

compr i si ng {41802, JLSPRLSEPIISEAL Bel VRIS YnlRLYTR LRkl ghethe
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Co o huPBBE ERe £l PaRE. o A ks b AT
P gk G e TR Sl S A ha Vo ©
(eact 100, 120} 8e1028 4P A% 241 Dy 1P SURBRAISH FORIAT B SRS Bl ©
B 0o REchE34, 48k AAIEL . 3P HieBE AL £8ST e hgBafst o
' the fi rstrggggtaggepgéxrﬁeer' é%tti l?.'li‘.]g. SirPrt?lCeeggggefsrsoo this invention.

Altflough it has not been clearly understood, it may be assumed

that even when a large amount of catalyst (organic peroxide)

is used for improvement in'grafting, the particle size may

be reduced and the size distribution may be kept narrow in

spite of reduction in the molecular weight of the styrene

resin if the relationship representeg by Equation (1] is

maintained, and thus the rubbery polymer particles become

relatively unifo?:m, 'resulting in significant improvement in

fluidity during molding.

In a rﬁbber-modified sfyréne resin according to the

process of this invention, a styrene polymer occluded in a

diene rubbery polymer as a dispersed phase is grafted to the

rubbery polymer. It has been confirmed by the fact that the

polystyrene cannot be separated from the rubbery polymer

by GPC-IR analysis of the polymerization reaction solution

after completion of polymerization. .

To a rubber-modified styrene resin composition §f this
invention may be added, if necessary, antioxidants such as

phenolic compound, phosphorous compound and sulfur compound

antioxidants; fluidity modifiers such as mineral oils; mold



t he 'pol ynerization material solution containing the rubbery polyner,
| eading to increase of the ambunt of the styrene polyner, ‘the rubbery
pol yner whi ch has been in a continuous phase in the polymnerization materi al
solution is gradually separated to give @t+cles by shearing force
generated by agitation, during which the size and its distribution of the
particles can be adjusted. The reactor used in the first step nust be a
conplete mxing type. If the reactor is not, - 18 - a conglete m Xi ng
type or the|4£k%4?#ﬂ?%1$B°hsaﬁe§§eﬁﬁéﬁ B i 012 IRF SEPRR2ES 90Dt may be
difficult to adjust the particle size of the rubbery polyner, giving,-
undesi r abl e rRRIANRPLLEHLLAXABABY ol P h RFLIMAHEF L LOr iakrerial (Rt PR, 4
| arge particle size or an unusual shape, which nmay cause reduction in
i npact resi st¥hcA@BENG | F drfyerTRelymesiaatianiTRAGY PR of reactor herein
shoul d not be necessarily a reactor which can performan ideal conplete
m xi ng; any rEsRRRke equi pped Wi th an agitator which can generate sharing
force by agitating to formrubber particles may be used. Such reactors have
been described in, Therfldaiping emagppleswillispecifiggliyedepcrbe, b)) jn
Yasuharu Saeki, Koji Saeki and Shinzo Ormi, "Novel Processes for
Manuf act ur i naFoLylmdrts" thiksgimvenbiankai Physical properties in Examples
and Comparative Examples were evaluated as follows.
(1) MFI: JIS K-7210(Temperature : 200 °C, Load: 49 N)
(2) Izod impact strength : determined according to JIS
K-7110(6.4 mm with a notch)
(3) Nailing property: A nail with a diameter of 1 mm was
driven at the center of a circular test piece with a thickness
of 3.2 mm and a diameter of 5 cm, and then evaluation was
performed according to the following criteria;
Good: without cracks or chips
Poor: with cracks and/or chips
Example 1
A rubber-modified styrene resin was prepared, using a
continuous bulk polymerization apparatus comprising four
serial complete mixing type reactors equipped with an
agitator, whose outlet was connected with a preheater and
then a vaccum chamber. To the first complete mixing type
of reactor equipped with an agitator was continuously
supplied a polymerization material solution consisting of

a butadiene polymer as a rubbery polymer (I) whose 5 wt$

styrene solution has a viscosity of 32 centipoise at 25 °C



After the first step in which the rubbery polyner particles have been
formed, a postpolynerization step in which polynerization is further
proceeded mai ntaining the shape of the rubbery polyner particles should be
conducted for inproving the conversion of2poRonmer ratio. In the
post pol yneri zati on step, any type of reactor may be used; a conplete m xing
type or tower type of agitation tank as well as a tube type reactor nay be
used. The convgit éa%io of thg nononers tq the fol ner_at the en% of, the
post pol ymeri 289 of8 st PE sHBLFR BRIZE i JquBRLPREF FRALD KES: 8185 1R,
nore preferably 50 to 80 wt% A nplding froma rubber-nodifjed styrene
resin nanu]f'a'%:T?ﬁ”é‘g %%/“fttré’iﬁ‘iﬁbsse‘bgy%w?%z?ﬁ9eh$$0‘ﬁts‘%ﬁ’ésﬂ? é’rﬂ‘rﬁact
resi stance than one froma conventional resin, while being significantly
i nproved in (&7 dft yPREEF hgand dirdgPis{drRrley RerPxyY drdy 3oP a -
rubber-nodified styrene resin may general |y cause reduction of inpact
resi st ance, ﬂ%ﬁ%%?ggﬁ%ﬁYci@§?§ﬁ&ﬁtéscaﬁ PEIRBAE RegAXLAC HE0Pr BEBBMOECt hi s
invention. Although it has not been clearly understood, it nmay be assuned
that even wheéit¥reng he Wrckhreactdnmthen 36 adunngd tasien nateiaf dscaPRor
i mprovenent in grafting, the particle size may be reduced and the size
di stribution may bBhRekeaghipButempepatures apduthporeshdené hdmesuvare
wei ght of the styrene :

as follows; the first reactor: 142 °C and 1.5 hours; the second

reactor: 145 °C and 2 hours; and the third reaétor: 145 °C
and 2.5 hours. The temperature of the preheater was kepf
at 210 to 240 °C. The vacuum chamber was kept at a pressure
of 40 Torr. The results are shown in Table 1.
Example 2 )
Polymerization was conducted as described in Example
1, except that the ratios of ethylbenzene, styrene and
1,1~bis(t-butylperoxy)-3,3,S-t:imethylcyclohexane as an
of:ganic peroxide were 30 wt .parts, 61 wt.parts and 200 wt.ppm,
respectively and the agitation rate in the first reactor was
400 rpm. The results are shown in Table 1.
Comparative Example 1
Polymerization was conducted as described in Example
1, except that no organic peroxide were used and the ratio
Qf the butadiene polymer was 2.5 wt.parts. A resulting
product showed a low Izod impact value of 4.5 kJ/mé.
Example 3

A rubber-modified styrene resin was prepared as

described in Example 1, except that the ratios of the

s~y



resin if the relationship represented by Equation [1] is maintained, and
t.hus the rubbery pol yner particles becone relatively uniform resulting in
significant inprovenent in fluidity during nolding. In a rubber-nodified
styrene resin according to the process ©f22h+s invention, a styrene pol ynmer
occluded in a diene rubbery polyner as a dispersed phase is grafted to the
rubbery polyner. It has been confirmed by the fact that the pol ystyrene

b d b I - '
pol yrer i sat | G P FOYR oRERrAeERRIR et FERFon Rk Bl TRt hy
bber - nodi fi t ' I'ti f this i Li be added,
|1 nocessar y it tRAER! SR8, 24 HE-BRSio S RINGURLY < pRBSOR: dus compound

and sul fur c 0 ntioxidants; fluidit difiers,such as m.neral oils;
i o0 BER{odShy hetiAbhan mas used 4p 3 moletElad: weiARt

or ganopol ysi | oxanes, in a polynerizatigon material solution or_ during. or
after pol yneﬁ%ﬂ%‘?f’?éé’c?ﬁcﬁ{%ﬂ%m 2091zt s BPR R AGYELRT0 e LN ’F‘Fsglts
specifically describe, but not limt, this invention. Physical properties
in Exanpl es &¥%F atPvEakigmllres were eval uated as fol | ows.

Example 4
‘ Polymerization was conducted as described in Example

1, except that the ratios.of the butadiene polymer,
ethylbenzene and styrene were 15 wt.parts,'22 wt.parts and
63 wt.parts, respectively. The results are shown in Table
1.
Example 5

Polymerization was conducted as described in Example
1, except that the fatios of the butadiene polymer,
ethylbenzene and styrene were 9 wt.parts, 22 wt.parts and
69 wt.péh, fespéctively, and t-butyldodecylmercaptan and
1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane were
used as organic peroxides in amounts of 50 wt.ppm and 200
wt.ppm to étyrene, respectively. The results are shown in
Table 1. |
Example 6

'Pdlymerization was conducted as described in Example
'5, except that the ratios of the butadiene polymer,
ethylbenzene and styrene were 9 wt.parts, 22 wt.parts and
69 wt.ppm, respectively, and 1,1-bis(t-butylperoxy)-

3,3,5-trimethylcyclohexane was used as an organic peroxide



(1) "MFI: JIS K-7210(Tenperature : 200 [err]C, Load: 49 N) (2) Izod inpact
strength : determ ned according to JIS K-7110(6.4 mmwi th a notch)  (3)

Nai ling property: A nail with a dianeter of 1 nmwas driven at the center
of a circular test piece with a thicknes2df~3.2 nmand a di aneter of 5 cm
and then eval uation was perfornmed according to the following criteria;
Good: wi thout cracks or ‘chips Poor: with cracks and/or chips Exanple 1 A

rubber - modi figd st XESElﬁtrgfifbd‘@& g;@parbqﬂ,_ usq‘ﬂ%{) {@é@ m@yéapggh was

pol yneri zat i on apparatus conprisin seria m X1 ng- type

reactors equi h S ected with a
pr eheat er andﬁﬁﬁgﬁﬂ%ivaggﬁﬁgé%g%g ¥Q8 ?HB%%iﬁéE conp e mixing type of

react or eqU| ﬁ ¥! an agitator was continuously supplied a
pol ymeri zati on erial soI uti on consi sting of a butadiene polyner as a
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serial complete mixing type reactors equipped with an
agiéator, whose outlet was connected with a preheater and
then a vaécum chamber.l To the first completé mixing type
of reactorlequipped with an agitator was continuously
supplied a polymerization material solution consisting of
a stfrene/ butadiene block copolymer as a rubbery polymer (I)
whose 5 wt% styrene solution has a visc9sity of 32 centipoise
at 25 °C (12 wt.parts), ethylbenzene (18 wt.parts), styrene
(70 wt.parts) and 1,1-bis(t-butylperoxy)-3,3,5-
trimethylcyclohexane as an organic peroxide (200 wt.ppm).
The reaction temperatures and the“residenf times were as
follows; the first reactor:.l42°c and 1.5 hours; the second
reactor: 145 °C and 2 hours; and the third reactor: 145 °C
and 2.5 hours. The temperature of the preheater was kept
at 210 to 240 °C. The vacuum chamber was kept at a pre#sure
of 40 Torr. The results are shown in Table 1.
Example 8

Polymerization was conducted as described in Example

1, except that the ratios of styrene, the rubbery polymer,
ethylbenzene and the organic peroxide were 74 wt.parts, 6

wt.parts, 20 wt.parts and 200 wt.ppm, respectively, and a



trifmet hyl cycl ohexane as an organi c peroxide (200 wt.ppmto styrene), while
reacting themat an agitation rate of 95 rpm The reaction .tenperatures and
the resident tines were as follows; the first reactor: 142 [err]C and 1.5
hours; the second reactor: 145 [err]C an242-hours; and the third reactor:
145 [err]C and 2.5 hours. The tenperature of the preheater was kept at 210
to 240 [err]C. The vacuum chanber was kept at a pressure of 40 Torr. The

results are s%gmm hn Tabl.e(!%__.p Eéﬁgfle 2 Polyneri.zation was c nq) t as.’
descri bed i N BxSHPLET Wedghl, reglatar, a7 BEeds 18 AN FBSRMe C %15 kne and
1, 1- bi s(t-butyl peroxy);:3, 3,5-trinmethyl cycl ohex S an organi c peroxide
were 30 wt.p% tg?mﬁl 9p§?§§&gﬁda 0 OWHbﬂflﬁggﬁg%thely and t he
agitation rafe in the first %ﬁgctor was 400 rpm The results are shown in
Table 1. Co 3?8?F9§1E?a#ﬁﬁ@ ®d yneri zati on was conducted as described in

Exampl e 1, except _that nq organic peroxide were used and the.rafio ot the
but adi ene ponnerPW§¥WEQ§§&é%ﬂﬂt .5/99QékﬁY?ﬂga§r %iﬁflgﬁaméﬂ gxp Pzod
i npact val ue of 4.5 kJ/g%err ) Exaqgie 3 Aru beh-nndified styrene resin
was prepar ed! asSUEEPLi K8gt Fhe femmenatuse ot thgt fiREt, ZeasEoR Wak

lowered and the convert ratio of styrene was 10 %. 1In ﬁhe
fif;t reactor, the particle size was not adequately
controlled, causing the particle size to be larger. The
resulting resin cqmposition showed the following physical
properties; a rubber particle size: 4.2 um, a distribution
coefficient: 25, MFI: 2.8, an Izod impact value: 11 kxJ/m3.
Thus, due to such a lower MFI value,vthe resulting resin
composition was not acceptable in the light of the objective
of this inVention.

As illustrated above, it may be concluded that a
rubber-modified styrene resin composition according to this
invention has a good balance between impact resistance and
fluidity or appearance (in particular, gloss), and thus may
be significantly useful in ‘the sector of component materials
for, for example, electrical appliancés and electronic

devices.



- 22 - butadi ene polyner, ethylbenzene and styrene were 5 wt. parts, 22
W .parts and 73 wt.ppm respectively, and t- butyl dodecyl nercaptan was used
as a nol ecul ar weight regulator in an amuyat of 200 wt.ppmto styrene. The
results are shown in Table 1. Exanple 4 Polynerization was conducted as
described in Exanple 1, except that the ratios of the butadi ene pol yner,

et hyl benzene and styfdend wefe 15 - pprt$, 42 w.jparfs ndg63 W .jparts,
respectively. The reqlfﬂts,,.a’a, Qg i hoT l?fq ls Bxanpke @_Foﬂ}yn@rization
was conducted as desdriibe® | & Exanpie| & |8def® that | wh o:ratri-gﬁof t he
but adi ene pol yner, etihylibengeneé and styréene fwere O wi.partg, 242 .parts
and 69 wt.ppm respe t'Lver and t]- buf yl d(gglacyl mey capt ap and '
1, 1-bis(t-butyl peroxy)w?W,a, bod 1 gt By gy L "oHexane| Rel © (ised oag Brgani o
peroxi des in anounts|q§ |50 W ppth|and] 200 ). fm o syl eng,” re@fecti vel y.
The results are showp_in Tablell. |[Exahpl é 6 |Pol rigatjonfwad cdnducted as
described in Exanple|], |excppt [thgt tphe fatijos of] t he bt adi erje ol yrer,
et hyl benzene and styrepne eer e 9 gtl. Zaf s £ wb. pa®t anf 69 tggom
respectively, and 1, 1-@i s‘("t-ﬁhﬂylper"oxy)l SRR 0]
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3, 3, 5-tri met hytcyctohexane_was _used as an organi ¢ peroxi de - 23 - in an

amount of 100 but t-butyl dodecyl nercaptan was not used. The results
are shown in quuﬁ!@] ’ m:ﬁm A rubber-nodified styrene resin was
prepared, usin i S Il k pol ymerd&ation apparatus conprising three

serial conplete m xing type reactors equi pped wth an agitator, whose
outl et was connected with a preheater and then a vaccum chanber. To the

first conpl equlgg' Xié’g:fﬂ?rﬁ gfigeact or equipped with an agitator was
conti nuously supplieda po?ynerrzation material solution consisting of a

Styrene sol uti on hbs a & PROSHEP JOu aiiPREEpRThGTS, Kbl O 1d”
11751 s(1- but e B, eompBRikinn A IANEA R driihitysrPlage: o oe
Fol I ove: "t he SRS TERA & = TEF AT RIS % HERE Sh MRS AP B
The t emper at (ed SRaIReRREReE: Crog e FRBPSLY abimer S (isfiies SHEAR uum
chamber was KeRl; by bR1ESE $o Pt n PO ymd PE25836n" 820§ & LML Lduods ©
polffmerizati:on apparatus consisting of at least two reactors
including at leést one complete-mixing type of reactor,
comprising
converting 20 to 35% of a styrene compound monomer to
a polymer in the first complete mixing type reactor in the
polymerization system to form a dispegsed phase consisting
of the rubberf polymer, charging a material in the first
complete mixing type reactor (hereinafter, referred to as
the “polymerization material solution”)
(1) having the foliowihg éomposition:
(a) a styrene-compound monomers 60 to 85 parts by weight
(b) an aromatic solvent: 5 to 35 parts by weight; and
(c) the diene rubbery polymer whose 5 wt$% solution in
styrene has a viscosity of 30 to 90 centipoise at 25 °C: 3
to 20 parts by weight, when the total amount of the
styrene-compound monomer, the aromatic solvent and the diene
rubbery polymer is 100 parts by weight;
(2) containing, in relation to the styrehe-compound

monomer,

(a) 20 to 300 wt.ppm of ‘an organic peroxide and



Exampl e 8 PWMUM ed as described in Exanple 1, except

t hat the ratl &M” ene, the rubbery polyner, ethyl benzene and the
organi ¢ per ok I”}, I arts, 6 wt.parts, 20 wt.parts and 200 wt. ppm

respectively, and a Ty i nol ecul ar- B8k ght regul ator was used in an
amount of 250 wt.ppm The rtsults are shown in Table 1. Conparative Exanple
2 Pol ynmerization was conducted as described in Exanple 1, except that the

tenperature of {henflLsS eactor was |Lowe d the nvert 1.0, O

st;nr) ene was 10(E7<) Pn{:?hé5{)i‘FngPE‘aS'?OF,mP?igng—%ﬁ g'eé.géi] é‘“%‘%faﬁ%%& dnd

adequately controll eq,. caysi ng,t article si.ze to be larger. The

resﬂl ti ngyresi?rEf)c g:s"i'{q gi}'esgrgﬂjxggo‘?ﬁggf 8ﬂfl83'ﬁlﬁénphysi cal gropert les; a

rubber particle_size: [éj%ﬁ)/naﬁa di s“g bution coefficient: 25, MIl: 2.8, an
el

| zod i npact val e 13 1+1Shus, Sdettolddch a |ower MFI val ue, the
resulting resin conposiiion was not acceptable in the |light of the

obj ective of this¥ RdtlnadB] Igt]eﬁrﬁb %,c?rl’c?@grﬁﬁleﬂﬁc‘i’gd%%et hat
a rubber-nodified styrene resin conposition according to this invention has
a good bal anOF PG PLAKIHY (WisiPHB)c Lhfpromatic solvent (wt.%) and

the molecular weight regulator (wt.ppm), respectively;
increasing the reaction ratio of the styrene-~compound
monomer to 50 to 95 % in the subsequent reactors; and
separating the resulting product from the remaining
monomer and the solvent, to provide a rubber-modified styrene
resin composition in which the rubbery polymer as a dispersed
phase has. a volume-average particle size of 1 to 4 um and
the ratio(D1/D2) of 10 % value(D1l) to 90 % value(D2) of the
cumulative particle size distribution by volume ranges 3 to

20.

2, A process for manufacturing a rubber-modified
styrene resin composition as claimed in Claim 1, where the
styrene polymer occluded in the diene rubbery polymer as a

dispersed phase is grafted to the diene rubbery polymer.

3. A process for manufacturing a rubber-modified
styrene resin composition as claimed in Claim 1, where [I],
[E] and [S] meet Equatibn [2]:

9 < 15[111/2/[E)+[8]1/3 € 15-2]



fluirdity or appearance (in particular, gloss), and thusmay
significantly useful in the sector of conponent naterlals for e,
el ectrical appliances and el ectroni c devices. HH.“]J“IU[I ﬁ is
clainmed is: 1. A process for manufactdr28g=-a rubbe

resin conposition in which a continuous phase consi sts” of a styrene resin

and a di spersed phase consists of a diene polyner type of rubbery polyner
occluding a styreng re5|

by bul olynerlzat on__usj
cont i nuous pol yneriZatio %%%%?%?u Eoﬁy stl é"p(ﬁ g 9 5‘% b ﬁomraégg?ors
i ncl udi ng at n onpl et e- m. xi, cto rls'n
converting ZOé?gE%ggbg?gbns??Tgﬂ§l§ oﬁ%d ﬁ el e e ﬁhe
first conplet actor in the ner|zat|on systen1to forn1a
di spersed pha §%Y€%ﬂ§95?¥ﬁ 8§ MeROME 4, $oY % charging a material in
the first conplete m xing type reactor (herelnafter, referred to as
5. A process for manufacturing a rubber-modified
styrene resin composition as claimed in Claim 1, where the

aromatic solvent is at least one selected from the group

consisting of benzene, toluene and ethylbenzene.

6. A process for manufacturing a rubber-modified
styrene resin composition as claimed in Claim 1, where the
diene rubbery-polymer is at least one s?lected from the group
consisting of butadiene polymer and styrene/butadiene

copolymer.

7. A process for manufacturing a rubber-modified
styrene resin composition as claimed in Claim 1, where the
organic peroxide is 1,1-bis(t-butylperoxy)-3,3,5-

trimethylcyclohexane.

8. A process for manufacturing'a rubber-modified
styrene resin composition as claimed in Claim 1, where the

molecular weight regulator is a mercaptan compound.

9. A process for manufacturing a rubber-modified

styrene resin composition as claimed in Claim 1, where the



the "pol ynerization material solution") (1) having thé’T?ﬂT?ﬁﬁ?Ef—___g_—r
conposition: (a) a styrene-conpound nononmer: 60 to .85 “‘m\M\‘ b)
an aromatic solvent: 5 to 35 parts by weight; and (c) a)ﬂ‘\‘m‘m .
pol ymer whose 5 wt % sol ution in styrene-h29 a viscosity #*of ¢30tt o* 9C°

centipoise at 25 [err]C. 3 to 20 parts by weight, when the total anount of
t he styrene-conpound nononer, the aromatic solvent and the di ene rubbery

I is 100 t i ght,; (.2 taiping, LR celati t
Syt one- compobRELRSRBAEA o 1 % rSbte (R ThohoPBal sPgRRNE T erthiShe anc
- 27 - (b) 0 to 350, wt. f, L j ght, | at or d (3 ti
the fol | oui ng"SRBLeEare BRrEirRe Bt Fp afs s TRt ienrhy o ime Finded I'EG ' "
wh [ 1], d.[S t h trati f th [ id
(ot ppm+ 1 het St B7A: s SOPBRTY, RC VPG BSHELAPECUl ar e, ght T egul at or
(wt.ppm, respectively; increasing the reaction ratio of the

styrene-conpound nononer to 50 to 95 % in the subsequent reactors; and

separating the resgl ting product fromthe remaining nonomer and the,
sol vent, to providd%a r hHRFOGREF fey vapufacturing a rubber-modified

styrene resin composition as claimed in Claim 1, where the
diene rubbery polymer is a polybutadiene rubber in which at
least 90 molar % of butadiene units in the polymer chain are

of cis-1,4-bond.



resin conposition in which the rubbery polyner as a di spersed phase has a
vol unme- average particle size of 1 to 4 [érr]mand the ratio(D1/D2) of 10 %
value(D1) to 90 % val ue(D2) of the cunulative particle size distribution by
vol une ranges 3 to 20. 2. A process for30renufacturing a rubber-nodified
styrene resin conposition as clainmed in Caim1, where the styrene pol yner
occl uded in the diene rubbery polynmer as a dispersed phase is grafted to

t he di bb | . 3 1 - '

Ubber < mad {164 Styrene resi ARESRABE, RS FHIE nARREORE" 1'% % 1 where 111,
d|[S t ti 2]1..9 15[ 1 / +[ S .

i My T T Th R T ednt g8 Pq i iR hLP BARRAE VEB SO %

mononer | o sOfahdsast tvordaldy FonnREheriRts FAEE NS AR AR

styrene resin conposition as clained in_Caim1, where the aroga%Lc sol vent

is at |east OME SAMRLSLPTMIHIRGLYPEURLCFRACHAGry Hrr HRRSENBOAEbEGSne and

et hyl benzene. 6. A process for manufacturing a rubbg&-nndified styrene
resin conposSt¥&eNEs SaTt’?TéEPIFPP’E}Ei‘-ﬂfll,J-S\Aﬂ'éF‘g‘ ured by

converting 20 to 35% of a styrene compound monomer to

a pélymer in the first agitation tank to form a rubber
dispersed phase, using particular amounts of materials and
a polymerization material solution meeting the following
equation: |
9 < 15[11Y/2/[E]+[8]1Y/3 < 21-[1]

wherein [I], [E] and [S] are the"concentrations of an
organic peroxide (wt.ppm), an aromatic solvent (wt.%) and
a molecular weight regulator (wt.ppm), respectively;

increasing the conversion of monomer ratio to 50 to 95
% in the subsequent réactbrs{ and

separating the resulting product from the remaining
monomer and the sblvent , to profride' a rubbér-modified styrene
resin composition in which thé dispersed rubber particles
have a volume-average particle size of 1 to 4 um and the ratio
of 10 % value to 90 % value of the cumulative particle size

distribution by volume, in the range of 3 to 20.
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di ene rubbery-polyner is at |east one selected fromthe group co§¥'ﬂ)§¥*ﬁkﬁ~g
but adi ene pol yner. and styrene/ but adi ene copotyner. 7. A process

manuf acturing a rubber-nodified styrene resin conposition as clained in (P9g
Claim1l, where the organic peroxide is 1,1-bis(t-butyl peroxy)-3, 3, 5-
trimethyl cycl ohexane. 8. A process forlnanufacturlng a rubber-nodified
styrene resin conposition as claimed in Caim1, where the nol ecul ar wei ght

regulator is rcaptan compound. 9.
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ratio(D1/D2) of 10 vaalue(Dl) to 90‘% éi#ii 2) of the cunul ati

size distribution by vol une ranges t he rubbery MENT SHEET

particles. 10. A process f or nanufacturlng a rubber-nodifi
conposition as clainmed in Claim1l, where the diene rubbery Yo yrrer s“®
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1. Field of the Invention

This invention relates to a process for manufacturing
a rubber-modified styrene resin composition; In
particular, it relates to a process for manufacturing a
rubber-modified styrene resin compositionwith high fluidity
which .is improved in impact resistance by conducting
polymerization in particular conditions.
2. Description bf the Related Art

Polystyrene is a transparent and hard resin with good
dimensional stability and electric insulatidn, but has poor
impact resistance. Forresolvingtheproblem,thérehasbeen
developed high impact styrene resins in which a rubbery
polymer is incorporated. Known high impact styrene resins
include a simple biend of polystﬁr_rene and a rubbery polymer,
'which is, however, inadequately improved in impact
resistance. Thus, it ié common to manufacture a rubber-
modified styrene resin composition with good impact
resistance by adding a rubbery polymer during polymerization
of sﬁyrene to graft styrene to the rubbery polymer for
improving dispersibility of the rubbery polymer.

It is well kno;n that the physical propgrties of the

rubber-modified styrene resin composition manufactured as



REPLACEMENT SHEET|
23 JAN 1998

N

A PROCESS FOR MANUFACTURING A RUBBER-MODIFIED s'AmENE RESIN

COMPOSITION

ABSTRACT OF THE DISCLOSURE

Using a continuous polymerization apparatus consisting
of at least two serially connected reactors including at least
one complete-mixing type of reactor, a rubber-modified
styrene resin composition is manufactured by

converting 20 to 35% of a styrene compound monomer to
a polymer in the first agitation tank to form a rubber
dispersed phase, using particular amounts of materials and
a polymerization material solution meeting the following
equation:

9 < 15[1]Y2/[EJ+8)/3 < 210 1]

wherein [I], [E] and [S] are the conqen;rations of an
organic peroxide (wt.ppm), an aromatic solvent (wt.3%) and
a molecular ﬁeight regulator (wt.ppm), respectively;

increasing the conversion.of monomer ratio to 50 to 95
% in the subsequent reactors; and

separating the resulting product from the remaining
. monomer and the solvent, to provide a rubber-modified styrene
resin composition in which the dispersed rubber particles
have a volume-average particle size of 1 to 4 um and the ratio
of 10 % value to 90 % value of the cumulative particle size

distribution by volume, in the range of 3 to 20.



