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FIELD OF THE. INVENTION AND RELATED ART

5 : The present 1nventlon relates to a novel graft
copolymer and a thermoplastlc resin’ comp051tlon
containing the same. More particularly,” the present
invention relates,td a graft cbpolymer comprising as a
trunk component a rubber copolfmer of butadiene with a

10" biphenyl derlvatlve or a naphthalene derivative which
has a high refractive. 1ndex and a low glass transition
temperature, and also a thermoplastlc resin comp051t10n
'contalnlng the graft copolymer.

The graft eopolymer according to the present

15 invention may be blendeq with a various thermoplastic
resin including a vigyl chloride-base. resin to provide
a resin composition having excellent transparency and
impact_resiStance;-'The~graft copolymer per se can
_constitute a thermoplastic resin excellent in

20 transparehcy and impact resistance when it has a
relatively low conteat of the rubber polymer.
Therezhavegbeen practically used various
thermoplastic resin compositions provided withlrarious
performances inclusive of impact resistance by mixing a
25 graft coﬁolyﬁerhqbtained by graft-polymerizing a rigid

resin—formingéhonomer such as styrene and methyl

methacrylate oﬁto a rubber polymer as a trunk
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% ous thernoplastic resin including a vinyl chloride-b
jde a resin conposition having excellent transparency

5t ance.
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The graft copol ymer per se can constitute a thgrnopl.

In order to enhance the impact resistance-
improving effect by blending with a graft copolymer, it
is necessary to- sufficiently lower the glass transition

temperature of the rubber component in the graft

.copolymer.

Butadiene-styrene copolymer rubber, which has
been commercially widely used, results in a lower
refractive index if the glass transition temperature is
lowered. Thus, if a graft copolymer containing as a

trunk component such a rubber having low glass

"transition tehperature and refractive index is blended

with a thermopiastic resin, the resulting thermoplastic
resin composition is provided with an improved impact
resistance but can also have a lowered transparency.
Such a difficulty is encountered not only with vinyl
chloride resin but ‘also with many other thermoplastic
resins.

A butadiehe-styrene copolymer rubber can have
a higher refractive index by increasing the styrene
proportion but is simultaneously caused toc have an
elevated glass transition temperature to result in a
smaller impact resistance-improving effect, thus giving
rise to an improper balance of the two properties.

\

SUMMARY OF THE INVENTION

An object of the present invention is to

i nvention may be blended with

|hpact, resistance by nixing a graft copol yner obtained by
a‘rigid resin-form ng nononmer such as styrene and net hyl
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provide a graft-cébolymer comprising a Vinyl monomer

graft-polymerized onto a rubber polymer having a low

glass transition. temperature and also a high
refractive index.

A more specific object of the present
invention is to provide a graft copolymer which
provides a composition excellent in impact resistance
and transparency when blended with a various
thermoplastic resin, and also such a thermoplastic
resin cémposition.

-Another object of the present invention is to
provide a graft copolymer which per se constitute a
thermoplastic resin excellenf in transparency and
impact resistance at a relatively low rubber polymer

content.

According to our study, it has been found

possible to obtain an objective graft copolymer by

using a biphenyl derivative or a naphthalene derivative
as a copolymerizing monomer in place of styrene and
copolymerizing it with butadiene to form a rubber

polymer having a high refractive index and also a low

‘glass transition temperature and by effecting graft

copolymerization by using the rubber polymer as a trunk
component.

Thus, according to the present invention,
there is provided a graft-coﬁolymer, comprising: 5 - 90

wt. parts of a rubber polymer and 10 - 95 wt. parts of

Thls Sheet Has Been Re‘placed
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*copol ymer containing as a trunk conponent such a ru
2% transition tenperature and refractive index is blenge WQWEEJHASBEEN
ggopl astic resin, the resulting thernoplastic resin co itFeRL48ED -
ded with an-inproved inpact resistance but can al so have a T overeg=sas:"
Eparency. Such a difficulty is encountered not only wth vinyl
but al so mﬁth many ot her thernoplastic resins. A butadi ene-styrene

bl Ic e _ ne- sty
e Lré‘éor? iy cﬁ}?gs Sl%ﬁ‘gn g@%&%g%geggggxﬁgéefgﬁgggs|ng e

polymer; said rubber polymer comprisidg'éo - 99 wt. %
of butadiene and 1 - 60 wt. % of an aromatic polycyclic
vinyl monomer represented by the following formula (I)
or (II): |

Formula (I) Formula (II)

R

R .
I | |
C=CH, or =CH, ,

wherein R denotes a hydrogen atom or a'methyl group.

The present invention further provides a
thermoplastic resin composition comprising a mixture of
the abdvg-mentionea graft copolymer and a the:moplastic'
resin éuch as a vinyl chloride resin and styrene-
acrylonitrile copolymer resip.

The above mentioned and other objects and
features of the invention will be better understood
upon consideratioh of the following detailed

description concluding with specific examples.

DETAILED DESCRIPTION OF THE INVENTION

The graft copolymer of the present invention
will be described in further detail.
[Graft Cbpolymer]

Rubber polymer

The rubber polymer constituting the ‘trunk

polymer of the graft copolymer may preferably be a

butadiene-based rubber polymer obtained by emulsion

chl ori de
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}ted glass transition tenperature-to result in a smaller inpact
51 ance- I nproving effect, thus giving rise to an inpro = : :
properties. SUWARY OF THE | NVENTI ON An obj ect of the PTHRS SHEET MAShBFEM; i
d -3- provide a graft copolymer conprising a vinyl||nononREPLACED = |
t-pol yneri zed onto a rubber pol yRer having a | ow gl ass=FFaRsTton
berature and al so a high refractive index.

polymerization in a4 known manner of a monomer mixture

comp}ising 40 - 99wt. %, preferably 45 - 90 wt. %, more

preferably 50 - 90 wt. %, of butadiene and 1 - 60 wt.
%, preferably 10 - 55 wt. %, more preferably 10 - 50 |
wt. %, of an aromatic polycyclic vinyl monomer
represented by the formula (I) or (II).

Examples of the aromatic polycyclic vinyl
monomer represented by the formula (I) or (II) and

copolymerized with butadiene may include: vinylbiphenyl

- compounds, such as 4-isopropenylbiphenyl, 3-

isopropenylbiphenyl and 4-vinylbipheny1; vinyl-
naphthalene compounds, such as 2-isopropenylnaphthaiene
and Z—Vinylnaphﬁhalene; and alkyl(prefefably C - C3)-
substituted derivatives and halogen-substituted
derivatives of the above.

If the content of the aromatic polycyclic
vinyl monomer is below 1 wt. %, it is impossible to-
effectively increase the refractive index of the
resulting rubber polymer. Such a rubber polymer is not
desirable as a trunk polymer because the resulting
graft copolymer is caused to have a large difference in
refractive index between the trunk polymer and the
grafting component in the graft copolymer, thus lacking -

uniformity of the refractive index of the graft

. copolymer per se. On the other hand, a proportion

exceeding 60 wt. % of the aromatic polycyclic vinyl

monomer is not preferred because the resulting rubber

-This Sheet Has Been Repl

HIIII M




‘e specific object of the present invention is to provide a graft

ymer which provides a conposi tion excellent in inpact

bpar ency when bl ended wi-th a various thernoplastic regj THISSSHEET BAS BEEM
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a @Brnopl astic resin conposition. Angiher object of the

| SgE® provide a graft copolynmer which per se constitute a PO
r e excellent in transparency and i npact resistance at a relatively | ow

er pol yner content. According to our study, it has been found possible
bt ai n aRcdNpest liﬁecgméfe@ dopdiamecramhyelevated dlass transxtlon

temperature close to room temperature, thus losing
rubbery properties. .
The rubber polymer having a composition within
5 the above-described range may-have a refractive indéx
np at 23 ©C in the range of 1.52 - 1.60, preferably
1.53 - 1.59, and a glass transition temperature in the
range of -70 °C to +10 °C, preferably -70 °C to +0 °c.
A refractive index below 1.52 is not substantially
10 different from that of polybutadiene and a refractive

index exceeding 1.60 is accompanied with an increase in

. ~ i A L ade dae e RPNy 1
2 50 el AN e Sy i Sl s o et L D AT RN L e i el G
e gl FEEh s e o k

glass transition temperature. Accordingly, it ié
desired that the rubber polymer for the graft copolymer
of the preéent invention has a refractive index and a

15 glass transition temperature within the above described
ranges;

When the aromatic polycyclic vinyl monomers
according to the formulae (I) and (II) are compared
with each othér, both are excellent in the gffect of

"20 increasing the.refractive index of the rubber polymer
while suppressing the increase in glass transition
température.but the one representéd by the formula (II)
can result in a graft copolymer‘bossibly contajining a

very slight amount of the non-reacted monomer which can

25 be volatilized to generate an odor when the graft -
copolymer is dried or heated for processing or molding.

On the other hand, in the case of using a monomer
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& derivative or a naphthal ene derivative as a copol yneri zing
= in place of styrene and copolynerizing it with
pr pol ymer having a high refractive index and al so
s tion tenperature and by effecting graft copol yneri

there is provided a graft copolyner, conprising: 5 - 90 w.

represented by the formula (I), no order is generated
from the resulting graft copolymer on heating even if a
slight amount of the non-reacted monomer remains
therein after the polymerization. For this reason, the
graft copolymer obtained by using the monomer
represented by the formula (I) may be rather preferred
as a thermoplastic resin or an ingredient of a
thermoplastic resin composition blended with a various
thermoplastic resin.

Another vinyl monomer copolymerizable with the
aromatic polycyclic vinyl monomer can be used together
with the aromatic-polycyclic vinyl monomer within an
extent not dev;ating from the object of the present
invention. Examples of such another viﬁyl monomer mayr
include: aromatic vinyl compounds, such as styrene and

—methyistyrene; vinyl cyanides, such as acrylonitrile
and methacrylonitrile; acfylic-acid, methacrylic acid;
alkyl acrylates, such as ethyl acrylate, butyl
dcrylate, and ethylhexyl acrylate; ahd alkyl
.methacrylates, such as methyl methacrylate, ethyl
methacrylate and butyl methacrylate. In case of using
such another vinyl monomer, it is desired to use such
another vinyl monomer in an amount of at most 59 wt. %,
particularly 1 - 40 wt. %, of the total amount of the
monomers (i.e.} butadiene + the aromatic polycyclic

vinyl monomer + such another vinyl monomer) so as to

replace a portion of the aromatic polycyclic vinyl .

i pol yner as a trunk conponent. -Fhus, accordi ng to the=present———=—
i on,
f of a rubber pol yner and 10 - 95 wt. parts of
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3';V|nyl nmononer graft-polynerized onto the rubber polyner; said rubber

'-r ‘conprising 40 - 99 wt. % of butadiene and 1 - 60 % 2ETqhs BEEN ‘
; lﬁ ;
ti c polycyclic vinyl nononer represented by the fol ~eordnga (| )L
1): Formula (1) Fprgula (1) [err] whelt -

bgen atom or a nethyl group. The present invention further prOV|des a
Dpl astic resin conposition conprising a mxture of the above-nentioned
copol ymer and a thernoplastic resin such as a vinyl chloride resin

St yr engnonomer while retéining the above-mentioned lower limit

P2Q*TONT !

of the aromatic polycyclic vinyl monomer.
It is also possible to use a polffunctional

monomer copolymerizable with the aromatic polycyclic

5 wvinyl monomer and butadiene, as desired, to provide a
crosslinked rubber polymer. The polyfunctional monomer
may be used in an amount of at most 10 wt. %,
preferably 0.1 - 5 wt. %, of the total monomer amount
excluding the polyfunctional monomer. An amount

10 _ exceeding 10.wt..% is not prefcrred because the

resulting rubber polymer is caused to have an elevated

ek sponwiannid cariact i) yaiill b e SR L rpaladid .

glass transition temperature and a poor elastoneric

S L

property, thus lowering the impact resistance-imparting

T

performance of the graft copolymer.
15 Examples of the polyfunctional monomer may

include: aromatic polyfunctional vinyl compounds, such

Loty

as divinylbenzene and divinyltoluene; di- and tri-
methacrylates and di~ and tri-acrylates of polyhydric
alcohols, such as ethylene glycol dimethacrylate,

20 triethylene glycol dimethacrylate, and 1,3-butanediol
diacrylate; and allyl compounds, such as diallyl
-maleate, diallyl phthalate and allyl methacrylate. The

ik VKRR S 3 i

‘above are not exhaustive and it is generally pgssible

N

to use a compound having two or more double bonds in

it i o dd. g

25 " its molecule and copolymerizable with the ardmatic
polycyclic vinyl monomer and also butadiene. It is

also possible to use a chain transfer agent in an

. This Sheet Has Beén Replaced
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Eonitrile copolyner resin. The above nentioned and other_ ob
Eres of the invention-will be better understood upo gni ﬂ%é HW@BEﬁN.
e ol | owi ng detailed description concluding with speci § ;

@ | ED DESCRI PTI'ON OF THE | NVENTI ON The graft copolyne_:ggzg-
@ention will be described in furttrer detail . (G aft Copol ymer] Rubber
gner The rubber polyner constituting the trunk polynmer of the graft-

gl yner may preferably be a butadi ene-based rubber pol yner obtained by

amount up to 5 wt. % of the total monomer amount so as

to adjust the gel content of the resulting rubber
polymer. The chain transfer agént may for example be a
known one ordinarily used in emulsion polymerization,
5 such as octyl mercaptan, dodecyl mercaptan or lauryl
mercaptan. |
The rubber polymer latex may ordinarily be
prepared to have an average particle size in the range

of 50 - 800 nm.

10 Too small an average particle size of the

rubber polymer latex results in a small impact

resistance-imparting effect, and reversely too large an

RS

average particle size leads fo a lowering in
trapsparency and surface gloss of a molded product from
15 the resulting thermoplastic resin composition. Thus,
they are not preferred either.
The average parficle size of the rubber
polymer latex may be appropriately adjusted into a

desired range by controlling the kinds and amounts of

20 the emulsifier and initiator used in emuls;on
polymerization and the polymerization temperature.
Alternatively, it is also possible to prepare a rubber
polymer latex having an average.particle siie of 30 -
200 nm first and then adding thereto a coagulant to

25' cause agglomeration, thereby providing a desired
average particle size. The coagulant may appropriétely

be an ordinarily used electrolyte including, for . : f

is Sheet Has Been Replaced
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 ynerization in a knowmn manner of a nononmer m xture conprising 40 -

o "preferably 45 - 90 wt. % nore preferably 50 - .

ene and 1 - 60 wt. % preferably 10 - 55 wt. % nof eTHiP SHEEAKIAP BIgEN

% of an aromatic polycyclic vufyl mononer represgnt ed BEPHA{ED i
omati c pol ycyclic vinyl fronomer

o (1) or (11). Exanples of the"_1a'
-cnted by the formula (1) or (I1) and copol ynerized with butadi ene may
e vinyl bi phenyl :

example, inorganic acids, such as hydrochloric acid and

‘sulfuric acid; organic acids, such as acetic acid,
malic acid and maleic acid; and sdlts, such as sodium
chloride,lcalcium chloride and magnesium chloride. -
5 Grafting component
The vinyl monomer graft-polymerized onto the
rubber polymer in the present invention may suitably be
one providing polymerized units which have a good
compatibility with a thermoplastic resin to which the
10 graft copolymer is added so as to easily and uniformly
disperse fhe rubber polymer within the thermopla;tic

resin and provide a sufficient bonding-betwéen the

.
b
i
4
&
R
-
1
peid

thermoplastic resin phase and the rubber polymer phase.
The grafting monomer component may for.example
15 Dbe selected from the following group of monomers so
that the graft copolymer according to the.present
; invention may be applicable to not only a single

particular thermoplastic resin but also various

e e A

thermoplastic resins having different refractive

20 indexes.

eV e

Thus, the monomer group may include: aromatic

(RS T

vinyl_compounds, such as styrene and u-méfhylstyrene,
vinyl cyanides, such as acrylonitrile and | .
methacrylonitrile; acrylic acid, methacrylic acid;

25 'alkyl acrylates, such as'methyl acrylate, eth&l

acrylate and butyl acrylate; alkyl methacrylates, such

as methyl methacrylate, ethyl methacrylate and butyl

This Sheet-Has Been Replaced
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¥inds, such as 4-isopropenyl bi phenyl, 3- isopropenyl biphenyl- _and

bi phenyl ; vinyl- naphthal ene conpounds, such as THIS SHEE

propenyl napht hal ene and 2-vi nyl napht hal ene; and al kyj ( pr efxgseg! @Q%EFEN
ubstituted derivatives and hal ggen-substituted derivatives—al the

If the content of the aromatic polycyclic vinyl nononer is below 1

¥ it is inpossible to effectively increase the refractive index of the
¥t i ng rubber polymer. Such a rubber polymer is not desirable as a

pol ypBtnhespus el NRa 83kl BeNtiotibalelr sGORAN RIS Inh 1CGAWSTE tdhdave a

@ difference In refractive index, between the trunk polymer and the
N-phenyl-maleimide; maleic acid, maleic anhydride and

their derivatives; and aromatic polycyclic vinyl
monomers represented by the above-mentioned formulae

5 {(I) and (II). At least one species of the monomers may

be used singly or in mixtﬁre. These aromatic

:2, - - polycyclic vinyl monomers aré also effective as a

4 grafting component to provide a graft copolymer having
;. a high refractive index owing to the grafting

& - 10 component. Particularly, 3-isopropenylbiphenyl may be

preferably used. Another copolymerizable monomer may
include a polyfunctional monomer identical to those

used in the rubber polymer.

Graft copolymerization
L 15 The graft copolymer according to the present
% invention may be produced by graft-polymerizing 10 - 95
% wt. parts of a vinyl monomer (or mixture) in the

presence of 5 ~ 90 wt. parts (giving a total of 100
weights parfs with the vinyl monomer (mixture)) of a
20 rubber polymer ‘comprising 40 - 99 wt. % of butadiene

and 1 - 60 wt. % of an aromatic polycyclic vinyl

monomer.
More specifically, the vinyl monomer (mixture)

may be graft-polymerized 'in the presence of a rubber

TEI 5, i

25 polymer latex in an amount of 10 - 95 wt. parts,
preferably 15 - 50 wt. parts, more preferabl& 20 - 40

wt. parts, with respect to 5 - 90 wt. parts, preferably

N e reanad
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“ conpgnentfinhthe g¥aft copol ymer, thus lacking uniformity of the
ve .index of the graft copolyner per se. On the d} Rhey

on exceeding 60 w. % of the aromatic polycyclid Sﬁﬁigﬂﬁngﬁssﬁav
erred because the resulting rubber pol ymer i ﬁ°“°n hﬂwﬂ ah
ed glass transition tenperatureizlose to roon1tenperature, thus
rubbery properties. The rubber pol yner having a conposition within
pve-descri bed range may have a refractive index

50 - 85 wt. parts, more preferably 60 - 80 wt. parts,
of the rubber polymer. As the graft polymerization is
performed at a cénversion of substantialiy 100 &, the
resultant graft copolymer is provided with
5 substantially thg same composition as described above.
If the rubber'polymer conteﬁt is below S wt.
parts, the graft copolymer lacks in flexibility and
rubbery property, thus fﬁiling to show an excellent
impact resistance. On the other hand, if the rubber
10 polymer content exceeds 90 wt. barts, the graft
copolymer is caused to have a low héat resistance and
is liable to bg in a lump form so that it becomes
difficult to uniformly blend the graft copolymer with
various thermoplastic resins. |
15 It is particularly preferred that the rubber
polymer content is 50 - 85 wt. parts when the graft
copolymer is used as an impact resistance-improver to
be blended with another thermoplastic resin.

_ On the other hand, in order to obtain a graft
20 copolymer which is used as a thermoplastic resin by
itself, it is prefqrred to graft-polymerize 50.- 95 wt.
parts, particularly 60 - 90 wt. parts, of the vinyl’

mononmer {(mixture) onto 5 - 50 wt. parts, partigularly

10 - 40 wt. parts, of the rubber polymer.

E
§
i
il
.-'!
]
i

25 The vinyl monomer (mixture) to be graft-
polymerized onto the rubber polymer may be added into

the reaction system at one time, separately in several

This Sheet Has Bzen RTlaced :
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ably -70 [err]Cto [err]

1.60, preferably 1.53 -_1.59 and

gLransition tenperature in the range of -70 [err]C onmngggﬁﬁggBE
O [err]C. Arefractive ingex begrepmdcbd is
gbstantially different fromthat of polybutadiene a ot
exceeding 1.60 is acconpani ed-ygth an increase in glass transition
gature. Accordingly, it is desired that the rubber polymer for the
i nvention has a refractive index and a gl ass
#tion tenperature within the above described ranges.

ycl i ctimes| onpoonbisuquedydfay polynerigakiipne (N &h@ CRPP are
¥t ed

where the vinyl monomer (mixture) is added in plural
stages for the graft polymérization, the monomer
compositions in the respective stages may be the- same
or different.

It is possiblé to add a polyfunctional
monomer, if desired, to the vinyl monomer (mixture) as
mentioned above. The amount may preférably.be at most
3 wt. $ of the vinyl monomer mixture. Above 3 wt. %,
the impact resistance is lowered.

The graft copolymer according to the present
invention comprises the.above-mentioned rubber polymer
as a trunk polgmer and a random (cb)polymer of the.
vinyl monomer (mixture) érafted as side brancheé onto’ .
éhe rubber polymer so as to provide a graft ratio (as
aefined hereinafter) of 5 - 55 %, preferably 10 - 45 %.
A graft ratio of below 5 % results in a lower
compatibility with a thermoplastic resin and a lower
impact resistance-imparting effect. On the other hand,
it is difficult to obtain a graft copolymef having a
graft ratio exceeding 55 % and is thus un-economical.
[Utility])

According to the present inveﬂtibn, it is

possible to obtain a novel graft copolymer comprising

- as the trunk polymer a rubber polymer having ‘a large

refractive index and also a low glass transition

temperature. Such a novel graft copolymer is useful as

']

H
I
i
]

When the aromatic
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gen ot her, both are excellent in the effect of |ncrea5|ng the
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#/e | ndex of the rubber polyner while suppressing
gransition tenperature but the one represented by
gilt in a graft copol yner possibly containing a vely sllgﬁngumgyn of
= reacted nononmer which can be_yplatilized to gene e
gt copolyner is dried or heated for processing or nDIdlng On the
gand, in the case of using a nmononer -~ -7-

a polymer to be blended with a'vafious thermoplastic
resin for imparting an impact fesiétance without
.impairing the transparency. .The graft copolymer mﬁy be
particularly advantageously'blended with a

5 -thermoplastic resin rich in transparency, such as a
vinyl chloride resin inclusive of polyvinyl chloride
and.chlorinated bolyvinylchloride, polystyrene, |
styrene-acrylpﬁitrile cépolymer;tx-methylstyrene—
acrylonitrile copolymer,_styrene-acrylonitrile-methyl
10 methacrylate copolymer, styrene-methyl methacrylate
copolymer, polyester such as polyethylene
terephthalate,ior polycarbonate.

In order to provide a thermoplastic resin
composition with a good transparency, the thermoplastic
15 resin may preferably have a refractive index which is
equal to or differs by at most +0.005 from that of the
graft copolymer. .

In this case, the graft copolymer according to
the present invention may preferably be used in an
20 amount of 2 - 50 wt; parts with 50 - 98 wt. parts
(giving a total of 100 wt. pérts with the graft
copolymer) of a ‘thermoplastic resin.

On the other hand, the graft copolymer
accoraing to the present invention may be used for
25 various purposes as a thermoplastic resin excellent in
transparéncy as well as in impact resistance by

controlling the rubber polymer content therein.

1is Sheet Has Been Replaced -
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~nted by the formula (1), no order is generated fr
P  opol ymer on heating even if a slight anount. of thg fqR-dfactess BEEN |
f remains therein after the polynerization. For thi|s reaggpLAcha
copol ymer obt ai ned by using the nonomer represente
By be rather preferred as a t herfidpl astic resin or an ingredient of a
fpl astic resin conposition blended with a various thernoplastic resin.
gr vinyl nononmer copol ynerizable with the aromatic polycyclic vinyl

er can ? #Sf ﬁogether with the aromatic pol ycyclic vinyl nononer

N an e eAL T ot - d deviating fromthe object of the present

Hereinbelow, the present invention will be

explained based on Examples and Comparative Examples.
The physical properties described were
5 measured in the following manner.

Refractive index (nD)

1) Rubber polymer

o L s e g - .
. . . X g e S . .
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A cast film is prepared from_a rubber polymer
latex, purified by dipping in methyl alcochol and dried
10 - under vacuum for 24 hours at room temperature to form a

samnple £ilm (of about 200 microns in thickness), the
5 | refractive index of which is méasured at 23 ©°c by using

an Abbe's refractometer.

% 2) Graft copolymer
-g 15 A graft copolymer resin is hot-pressed at 200
% OC to form a film (of about 50 microns in thickness),

the refractive index of which is measured at 23 ©C by

using an Abbe's refractometer.

Glass transition temperature (Tg)

20 An about 200 micron-thick hot-pressed film of
a graft copolymer was subjected to a viscoelasticity
test using a tester ("Rheovibron DDV-II-EA", mfd. by

Orientec K.K.) at a frequency of 110 Hz and a

.
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temperature-raising rate of 2 °C/min to measure
25 temperatures giving maximum peaks appearing in a loss
modulus-temperature curve, of which temperatures the

lowest one is regarded as the glass transition

. ‘This Sheet Has Been Replaced -
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}Qn. Exanpl es of such another vinyl nononer may include: aromatic
gonpounds, such as styrene and -nethyl styrene; viny

Becrylates, such as ethyl acrylate, butyl acrylate 1 n
Bt e; and al kyl nethacryl ates, stidiras nethyl nethacr fate,
3 ylate and butyl nethacrylate. In case of using such another vinyl

» : W artlcul % of the total amount of the
: rs (|te % {hq pa bﬁ?mqlcy“tﬁﬁ y’c‘ilc"?}?% w nononer + such
e Vi @prj) so as to

Average particle size in latex

The average particle size of @ rubber polYmer-
5 or graft copolymer in a latex form is measﬁred by using
a submicron particle size analyzer ("Coulter Counter
N4", mfd. by Coulter E}gctronics Co.).

Graft ratio and Graft efficiency

"Graft ratio" is defined as a ratio of the.
10 amount of a grafting component actually gfafted onto a

rubber polymer to the amount of the rubber polymer.

EE "Graft efficiency" is a ratio of the amount of
é% a grafting comﬁbnent.actuallf grafted onto a rubber

§' polymer to the amount of a grafting monémer (mixture)
'gf 15  used in the graft polymerization.

g% A sample g;aft copolymer is washed with methyl

alcohol and dried under vacuum for 24 hours at room

o !‘."'-:“""'{".' X
Z s

temperature, followed by addition of methyl ethyl
ketone and 3 hours of stirring at 70 ©C. Then, the

20 npixture is cooied to 4 °C and then subjected to
centrifugation for 1.5 hours under a centrifugal force
of 49,000 G to be separated into a methyl ethyl ketone-
soluble fraction and a methyl éthyl ketone-insqQluble

fraction, followed by drying.

25 Then, the methyl ethyl ketone-insoluble
fraction is weighed.

In this way, the methyl ethyl ketone-insoluble

; oo A . . N
&l onitrile and nmethacrylonitrile; acrylic acid, netpacr w}aéﬁ%?

r, is desired to use such another vinyl nonomer in an anount of at
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f;a portion of the aromatic polycyclic vinyl nmononer whil e

g the above-nentioned lower limt of the aromatic oA R ]
£. It is also possible to use a pol yfunctional nono gg%g%%%ASBgéN

$reri zable with the aromatic pol.ycyclic vinyl monome o TRR-A6ED e

red, to provide a crossllnked'rdbber pol ymer. The pol yfuncti onal
F may be used in an anpunt of at nost 10 wt. % preferably 0.1 - 5
-of the total nononer anount excluding the pol yfunctional nononer. An

fraction weight, the rubber polymer weight and the

grafting monomer weight are obtained. From ihese
results, the graft ratio and the graft efficiency are
calculated based on the following equations.

5 .Graft ratio (%) = [(methyl ethyl ketone-
insoluble fraction weight - rubber polymer
weighﬁ)/(rubber polymer weight)] x 100.

Graft effigiency (%) = f(methyl ethyl ketone-
insoluble fraction weight - rubber polymer
10 weight)/(grafting monomef weight)] x 100.

Herein, the amount-of the ﬁonomers used for
the rubber polymer polymerization is used as the rubber
% polymer weight since the polymerization conversion is
substantially 100 %. Further, the_polymerization
_; 15 conversion of the monomer for the graft polymerization

is also substantially 100 8. (Thus, [graft copolymer
_ weight] & [rubber polymer weight] + [graftiﬁg monoﬁer
weight]). A difference between 100 % and the graft
efficiency corfespénds to the methyl ethyl ketone-
20 soluble polymer fraction (i.e., the non-grafted polymer
fraction).

Properties of polyvinyl chloride resin composition

1. Transparency

’

A sample graft copolymer is blended with other
" ingredients according to a'prescription-showd below,
and the blend is kneaded for 3 min. on rollers heated

at a surface temperature of 180 ©C and, after 3 min of

This Sheet Has Been Re laced
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B ng 10 ww. %is not preferred because the resultlng rubber pol ymer i-s
® t o have an el evated glass transition tenperature =v=

aeeneric property, thus lowering the inpact resista
g ance of the graft copolyner. Exanples of the pol
ficl ude: aromatic pol yfuncti onal-f\g-nyl conpounds, sie -
benzene and divinyltoluene; di- and tri- nethacrylates and di - and
ryl ates of pol yhydric al cohols, such as ethyl ene glycol

hacrylate, triethylen ycol dlnethacrylate and 1, 3- but anedi ol

y| at ePrﬁhGaﬁFlFWI 1@o#p@9rg¥d§re§t§cﬂlaa§-rw & hat rdiads e, diallyl phthalate

® |yl et hacryl ate.
] y tempera%ure of E%O Oc, hot-pressed for 2 min under a

load of 150 kg/cm? to be molded into a 3 mm-thick

pléte. From the plate, a test piece measuring 50 mm-
5 long and 50 mm-wide is cut out and subjected to

measurement of a parallel light transmit#ance and a

haze value according to JIS X7105 (1981).

(Prescription)
Polyvinyl chloride resin 100 wt.part(s)
10 - (average degree of polymerization = 700)
Octyltin-type stabilizer 2.0 "
;5 Highe; alcohol lubricant 0.8 "
:g: Higher fatt} acid ester lubricant 0.2 "
g Polymer processing aid 1.0' "
% 15 Graft copolymer 10 "

2. Charpy impact strength

A 3 mm-thick plate is prepared in the same

manner described above for measurement of transparency.
In this case, however, in addition to a composition
20 containing 10 wt. parts of a graft copolymer as
described above, a composition containing 12. wt. parts
of a graft copolymer is prepared in some cases.
From these plate products, V-notched ;est

pieces (No. 5 test specimen according to JIS K7111

25 (1984)) are cut out. \

The measurement is performed at 23 °C and 10

OC according to JIS K7111 (1984).
“This.Sheet. Has Been Rep Iac
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f are not exhaustive and it is generally possible to use a conpound
Bg two or nore double bonds in its nolecule and copatynerr7zab] {
gromatic polycyclic vinyl nononer and al so butadi ef
#ble to use a chain transfer agent in an REPL ACHVENT BﬁEE*C EY
Bt up to 5 W. %of the total noWbmer anount so as “Fo—a0

Pt gf the resulting rubber polyner. The chain transfer agent may for
e be a '

fhe results are represented by ordinary Charpy
impact stréngth values as well as a ductile breakage
percent given in parentheses as shown in Tablg 2B
hereinafter which is a proportion of broken test piece
5 samples causing a ductile breakage that the test piece
is not broken into completely separate two fragments
but such two fragments are kept connected while the
broken part is stretched. |
Example 1 .
10 A stainless steel-made autoclave equipped with
a stirrer was charged with the following composition of
materials, followed by nitrogen aeratioﬁ, gas-

evacuation and heating to 80 °C.

4-Isopropenylbiphenyl 9.75 wt.part(s)
15 (crystal, purity.99.5 %)
Divinylbenzene . 0.262 "

(purity 57.2 %)
Diisopropylbenzene hydroperoxide 0.150 b
(purity 50 %) .
20 Sodium pyrophosphate 0.125 "
Disodium ethylenediamine-
tetraacetate 0.00375 "
Ferrous sulfate 0.00225 - "
Potassium oleate aqueous solution 2.58 "
- (15.5 %)

Deionized water 200 "

After the temperature within the autoclave
/

Sheet Has Been Replaced

T




Pne ordinarily used in emul sion polynerization, such as octyl

@ an, dodecyl nercaptan or lauryl nercaptan. The rub “Eg—ﬂ
fi narily be prepared to have an average particle si2eTHI® $HiETr B R l
DO nm Too snmall an average particle size of the ruljper p&ﬁVﬁé at ex i
s in a small inpact resistance-iggarting effect, and—Teversely too

an average particle size leads to a lowering in transparency and

e gl oss of a nolded product fromthe resulting thernmoplastic resin

gi tion. Thus, th%y are not preferred either.
reached 80~C, 65.25 wt. parts of 1,3-butadiene was

added to dissolve the 4-isopropenylbiphenyl crystal
within the autoclave with the butadiene. Thereafter,
0.6 wt. part of sodium formaidehyde sulfoxylate agueous

5 solution (5 %) was added to initiate emulsion
polymerization. After 4 hours from the commencement of
polymerization, 2.5 wt. parts of potaséium oleate
agueous solution was postfadded. During a pe;iod aftef
further 1 hour (after 5 hours from the commencement of

10 polymerization), 7.5 wt. parts of t-butyl hydroperoxide

i aqueous solution (5 %) and 7.5 wt. parts of sodium

%? ) formaldehyde éflfOXylate aqueous solution (5 %) were

- intermittently post-added. The polymerization

conversion after 11 hours from the commencement of

15 polymerization was almost 100 $. The resultant rubber
: polymer latex showed an average particle size of 160
:g' The rubber polymer showed a refractive index
g np at 23 °C of 1.5372.
& 20 The thus obtained latex was cooled to 60 ©cC,
§ and the following monomer mixture and polymerizaltion
é aids were added thereto,_followed by 3 hours of graft
gi polymerization at 60 °c. : .
% Methyl methacrylate . 10.5 wt.part(s)
: 25 Butyl aérylate 2.0 "

t-Butyl hydroperoxide aqueous

solution (5 %) 3.0 "

This Sheet Has Been Replaced
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erage particle size of the rubber polyner |atex may be appropriately
fed into a desired range by controlling the kinds and anpbunts of the

NRE: i er and initiator used in emulsion polynerization ][ ET HAS BEEN
I i zation tenperature. Alternatively, it is also po% F%g?%}R EB re a

pol ymer | atex having an averagd-particle size of

:?en addi ng thereto a coagul ant to cause aggloneratlon t her eby
i ng a desi r ed average particle size. The coagul ant nay appropriately

¥ o di nari g dised @l SelTRlwd S i g d OF
T aqueous solution (5 %) 3.0 wt.part(s)
Then, the following monomer and polymerization
aids were édded to the system, followed by 4 hours of
5 graft polymerization at 60 ©cC. |
Styrene - 12.5 wt.part(s)
t-Butyl ﬁydroperoxide agueous |
solution (5°%) = - - 4.0 "
Sodium formaldehyde sulfoxylate
10 aqueous solution (5 %) 4.0 "
The reéultant graft copolymer latex showed an
average particle size of 170 nm. .
After adding an antioxidant emmnlsion, the
latex was subjected to acid precipitation with
15 hydrochloric acid aqueous solution, dewatering, washing
with water and drying to obtain a graft copolymer in
powder f£orm. The rubber polymer in the graft copolymer -
showed a glass transition temperature of -53 O¢, and
the graft ratio and graft efficiency of the grafting

20 component in the graft copolymer were 31.1 % and 93.2

RN L TR LT PR

%, respectively.

PACTINS:
“

Examples 2 - 5

Emulsion polymerization was separately.
performed in the same manner as in Example 1 except
25 that the amount of'4-isopropenylbiphenyl was bhanged to
15.0 wt. parts (Example 2), 18.75 wt. parts (Example

3), 22.5 wt. parts (Examplé 4) and 30.0 wt. parts
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_}pple, i norgani ¢ acids, such as hydrochloric acid and sulfuric acid;

¢ aci ds, such as acetic acid, malic acid and mal ei ¢ acig—and—sattss
f sodi um chl ori de, cal ci.um chl ori de and magnesi um chl ofji &S SBEATtHARBEEN
pnt The vinyl nononer graft-pol ynmerized onto the rubbet ponﬁﬁPLAﬁED

Bsent invention may suitably b Zmne provi di ng pol yrer i Zzed—unrts Whrch
g good conpatibility with a thernoplastic resin to which the graft

is added so as to easily and unifornmly disperse the rubber

.“‘REﬁ%dﬂxétgyyrgﬂgeﬁﬁéﬁht of 1,3-butadiene was changed to

60.0 wt. parts (Exaﬁple 2), 56.25 wt. parts (Example
3), 52.5 wt. parts (Example 4) and 45.0 wt. parts
(Example 5), and the amount of potassium oleate agqueous
solution before the commencement of polymerization was
changed to 2.90 wt. parts'(Example 2), 3.2 wt. parts
(Examples 3 and 4) and 3.0 wt. parts (Example S),
fespectively.

The properties of the resultant rubber
polymers'and graft copolymers are inclusively shown in
Table 2A appearing hereinafter.

Exémgle 6
| A rubber ﬁolymer latex was prepared in the
same manner as in Example 5, and the following monomer
mixture and polymerization aidé were added. thereto,
followed by 5 hours of graft polymerization at 60 ©c.
Methyl methacrylate : " 6.25 wt.part(s)
3-Isopropylbiphenyl : 6.25 "
t-Butyl hydroperoxide aqueous
solution (5 %) ' 3.0 "
Sodium formaldehyde sulfoxylate
aqﬁeous solution (5 %) | o 3.0 "
Then, the following mixture was added _to the

system, followed by 6 hours of graft polymerization at

60 °c. b
Methyl methacrylate 6.25 wt.part(s)
3-Isopropenylbiphenyl ' . 6.25 "
N




10

15

20

frer according to the present

The grafting nononer co

find provide a sufficient bonding between the thernoplastic resin

g.nd the rubber pol ymer phase. Ty | EEN i
ge be selected fromthe follow ng group of nononers so“tﬁﬁﬁ”ﬁﬁ%iggéib i
hiola i VAR

i nvention may be applicahle to

Thus, the nononer

such as acrylonitrile and nmethacrylonitrile;

solution (5 %)

Sodium formaldehyde sulfoxylate

aqueous solution (5 %) 3.0

ﬁ e particular thernopl astic res23-but al so various thernoplastic
g having different refractive indexes.
Be. aronmatic vinyl conpounds,

- Cyani des, !
K-yl icC acittButyl hydroperoxide aqueous

group may

such as styrene and [err]-nethyl styrene,
acrylic acid,

3.0 wt.part(s)

The properties of the resultant rubber polymer

and graft copolymer are also shown in Table 2A.

E&amgle 7

~ Emulsion polymerization was performed in the

same manner as in Example 1 except that the charged

amounts of 4-isopropenylbiphenyl, 1,3-butadiene,

divinylbenzene and potassium oleate agueous solution

before the commencement of polymerization were changed

to 10.5, 64.5, 0 and 3.13 wt. parts, respectively
The properties-bf the resultant rubber p

and graft copolymer are also shown in Table 2A.

Example 8

olymer

A rubber polymer latex was prepared in the

same manner as in Example 1 except that the charged

amounts of divinylbenzene and potassium oleate agueous

solution before the commencement of polymerization were

changed to 0 and 4.84 wt. parts, respectively, a

nd the

emulsion polymerization time was changed to 5 hours.

The polymerization conversion of the monomers

was almost 100 %, and the resultant rubber polymer

latex showed an average particle size of 100 'nm.

The latex was cooled to 60 °C, and thereafter

7.2 wt. parts of 1 %$-dialkyl sulfosuccinate aqueous

R

Th
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B-crylates, such as nethyl acrylate, ethyl acrylate and butyl

3 e; al kyl nmethacryl ates, such as nethyl nethacryl ate, ethyl

Tylate and butyl -1 1 - nmethacrylate; naleimde no Omﬁﬁ§$HEwEhASBEEN
i de and ‘N-phenyl - mal ei ni de; maleic acid, maleic anhydijide aRGPLheED

ptives; and aromatic polycyclic-24Ayl nononers represereg=Hy—tHe
g nenti oned fornmulae (1) and (I1). At |east one species of the nononers
@ used singly or in mxture. These aromatic

solution and then about 4 wt. parts of 7.5 %-acetic
acid aqueous solution were added thereto for
agglomergtion for size-enlargement of rubber particles
in the latex to provide an average particle.sizé of 190
5 nm,

Thereafter, two staged of graft polymerization
were performéd in the same manner as.in Example 1.

" The properties of the rubber polymer and

 resultant graft copolymer are shown in Table 2A.

10 Example 9

A stainless steel-made autoclave equipped with

% a stirrer was charged with the following composition of
% materials, foliéwed by nitrogen aeration, gas-
evacuation and heating to 80 ©cC.
15. 3-Isopropeny1biphenyl | 10.5 wt.part(s)
{liquid, purity 99.5 %)
’ Diiéobropylbenzene hydroperoxide 0.150 "
%v (purity 50 %)
é Sodium pyrophosphate ' 0.125 "
%i 20 Disodium ethylenediamine-
% tefraacetate ' 0.00375 "
% Ferrous sulfate ' 0.00225

Potassium oleate agqueous solution 2.58 . "

(15.5 %)

\

25. Deionized water ' 200 "

After the temperature within the autoclave

reached 80°C, 64.5 wt. parts of 1,3-butadiene was

is Sheet Has Been Replaced
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.| ic vinyl nononers are also effective as a grafting conponent to
£ a graft copolynmer having a high refractive. index ow ng to the

: g conponent. Particularly, 3-isopropenylbiphenyl ﬁ-s‘?S%f-i%E?rl—F}@ SEEN '
i EEser i

@ \not her copol yrmeri zabl e nononer_may include a pol yfumcti ongte,

Bcal to those used in the rubber2polyner. Gaft copol rizalina Fhe—I
opol ymer according to the present invention may be produced by

jEool ynerizing 10 95 wt. parts ‘of a vinyl nmonomer (or m xture) in the

e i e e Ca

with the butadiene. . Thereafter, 0.6 wt. part of sodium

formaldehyde sulfoxylate aqueous solution (5 %) was
added to initiate emulsion poiymerization. After 2
5 hours from the commencement. of polymerization, 2.3 wt.
parts of potassium oleate aqueous solution (15.5 %) was
- post-added. During a period after 2.25 hours from the
commencement of polymerization, 5.0 wt. parts of t-
butyl hydroperoxide agueous solution (5 %) and 5.0 wt.
10 parts of sodiug formaldehyde sulfoiylate agueous
. 'solution (5 %) were intermittently post-added. The
polymerization conversion after 5 hoﬁrs from the
commencement o% polymeriiation Qas almost 100 %.
The thus obtained latex was cooled to 60 °c,
15 and two stages of graft polymerization @ere performed
in the same manner as in Example 1.
:; - The properties of the resultant rubber polymer '
- and graft copolymer are élso éhOWn in Table 2A.

Example 10

%, 20 ~ A stainless steel-made autoclave equipped with

by a stirrer was charged with the following composition of
materials, followed by nitrogen aeration, gas-

evacuation and heating to 80 ©c.

L4

i 3-Isopropenylbiphenyl _ 11.7 wt.part(s)
3 25 (purity 99.5 %) _ v
t-Dodecyl mercaptan 0.2 "

- This Sheet Has Been Replace

T




rug ol ymer conprising 40 - 99 wt. %of butadiene and 1 - 60 wt. % of an
S ol ycyclic vinyl nmonomer. More specifically, the vipp—meromer———r
) ey be graft-polynerized in the presence of a rubljefHiSo3HERSTHAS BEEN
| aiEh an amount of 10 - 95 wt. parts, preferably 15 - 50 fwt BEPLACRBre - &

@l 20 - 40 wt. parts, with respéct to 5 - 90 wt. parts —preferabry
-I; 8 - 35 Wt. parts, nore preferably 60 - 80 w. parts,

Diisopropylbenzene hydroperdxide 0.150 wt.part(s)
(purity 50 %) |
Sodium pyrbphospﬁate ' 0.125 "
Disodium ethylenediamineQ
5 tetraacetéte 0.00375 "
Ferrous sulfate 0.00225

Potassium oleate aqueous solution 0.50 "

(15.5 %)
Deionized water ' 200 "
10 - ‘After the temperature within the autoclave

" reached 80°C, 53.3 wt. parts of 1,3-butadiene was
added to mix the 3~isopropenylbiphenyl within the
autoclave with the butadiene. Thereafter, 0.6 wt. part
of sodium formaldehyde sulfoXyléte agueous solution (5
15 %) was added to initiate emulsion polymerization.
After 15 hours from the commencement of polymerization,
2.1 wt. éarts of potassium oleate agueous solution
(15.5 %) was pbét-added. During a period after 20
hours from the commencement of polymerization, 1.8 wt.
20 parts of t-butyl hydroperoxide aqueous solution (5 %)
and 1.8 wt. parts of sodium formaldehyde sulfoxylate
_aQueous solution (5 %) were intermittently post-added.
The polymerization conversion after 35 hours from the
commencement of polymerization was almost 100 %.
25 . The resultant latex was cooled to 60 ©C, and 'the

following monomer mixture and polymerization aids were

i S R cmenc

H\ added thereto, followed by 4 hours of graft

This Sheet Has Been Replaced
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jrubber polyner. As the graft polynerizationis perforned at a

i on of substantially 100 % the resultant graft copg
MEd with substantially the same conposition as descrlzéﬂﬂﬁﬁﬁﬁiTW$Sﬁﬁ§N
& nol yrrer content is below 5 wt. parts, the graft copdgl yner REBERSEPn

¥ | ity and rubbery property, thu§ failing to show an excefrtent i mpact
pance. On the other hand, if the fubber pol ymer content exceeds 90 wt.
B the graft copolyner is caused to have a | ow heat resistance and is
B to be in a lunp formso that it beconmes diffiecult to uniformy blend

é'aft CHODiERL zdE{BnYar i ous thernopl astic resins.

Methyl methacrylate _ 10.5 wt.part(s)
Styrene 5.0 "
3-Isopropenylbiphenyl . 2.0 "

5 . t—Butfl hydroperoxide aqﬁeous

solution (5 %) 3.0 "
Sodium formaldehyde sulfoxylate |
aquéous solution (5 %) 3.0 "
. Then, the following monomers and polymerization
10 aids were added to the system, followed by 4 hours of

a second stage graft polymerization at 60 Oc.

ij Methyl metpacrylate 10.5 wt.part(s)
:% Styrene _ C - 5.0 "
: 3-Isopropenylbiphenyl : 2.0 "
15 _ é-Butyl hydroperoxide.aqueous
solution (5 %) 3.0 "

Sodium fofmaldehyde sﬁlfoxylate
aqueous solution (5 %) 3.0 "
The properties of the resultant rubber polymer
20 and graft copolymer are also shown in Table 2A.

Example 11

Emulsion poiymerization was performed in the

same ménner as in Example 1 except that the 9.75 wt.

parts of 4-isopropenylbiphenyl was replaced by 9.75 wt.

25 parts of 2-isopropenylnaphthalene (crystal, purity 99.8

%), the amount of potassium oleate aqueous solution was

changed to 2.90 wt. parts and the amount of

This Sheet Has Been Replac
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particularly preferred that the rubber polyner content is 50 - 85 -w.
Bhen the graft copolyner is used as an inpact resistance=irprove éﬁﬂ \

@ded with another thernoplastic resin. On the other amussﬁﬁEEﬁﬂﬁﬁB
Ea graft copolymer which is used as a thernopl astic fesi n BEPHAGER

Woreferred to graft-polynerize 53g-95 wt. parts, particoararly 60 - 90
% ts, of the vinyl nonomer (mixture) onto.5 - 50 wt. parts,

R arly 10 - 40 wt. parts, of the rubber polyner. The vinyl nonomer

& c) to be graft- polynerized onto the rubber polyner may be added

ghe r eddviloy lbpmzenaivashchanged skpgene@l y in several

The properties of the resultant.rubber polQmer

and graft copolymer are also shown in Table 2.

Example 12

5 A pressure-resistant glass vessel was charged
with the following monomers and poiymefization aids and
subjected to 12 hours of emulsion polymerization under
stirring at 60 ©cC.

1,3-Butadiene | 63.75 wt.part(s)
10 4-Vinylbiphenyl . | 11.25 "

(crystal, purity 98 %)

é; ~ Divinylbenzene 0.262 "
%‘ (purity=57.2 %)

%1 Diisopropylbenzene hydroperoxide 0.25 "
%Z 15 (purity 50 %)

5 Sodium pyrobhoSphate 0.10 "

Disodium ethylenediamine-

tetraacetate . 0.00375
Ferrous sulfate 0.00225 "
20 Potassium oleate aqueous solution 2.10 "
(15.5 %)
Deionized water 200 "

The polymerization conversion to the resultant

rubber polymer was almost 100 %.
25 To the rubber polymer latex, the foflowing
monomers and polymerization aids were added, followed

by 2.5 hours of graft polymerization at 60 °C.

This Sheet Has Been Replaced
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s or continuously for polynerization. In the case where the V|nyI

i xture) is added in plural stages for the graft pg=FeEr ==t
ger conpositions in the respective stages may be th&’&ﬂ&@HﬁETHASBEEN
It is possible to add a pol yfunctional nononer, [|f desRERIACEDR

mononer (mi xture) as nention@@-above. The anount Yy prefreranty
Bt 3 wt. % of the vinyl nmonomer m xture. Above 3 WM. %

Methyl methacrylate ‘10.5 wt.part(s)
Butyl acrylate 2.0 "

t-Butyl hydroperoxide agqueous

solution (5 %) ' ' 2.0 "
5 Sodium formaldehyde sulfoxylate
agqueous solution (5 %) 2.4 w

'Then, the following monomer and polymerization
aids were added to the system, followed by 3 hours of
graft polymerization at 60 °cC.

10 . Styrene 12.5 wt.part(s)
t-Butyl hydroperoxide aqueous
solution (5 %) 3.0 " -
Sodium fo}maldehyde sulfoxylate
aqueous solution (5 %) '_ 4.0 "

15 The properties of the resultant rubber polymer

;ﬁ and graft copolymer are also shown in Table 2A.

Example 13

A rubber pqumer latex was prepared through 20
hours of emulsion polymerization at 60 °C in a similar
20 manner as in Example 12 with the proviso that the 11.25
wt. parts of 4-vinylbiphenyl was replaced by 11.25 wt.
parts of 2-vinylnaphthalene (crystal, purity 98 %), the
amount of diisopropylbenzene hydroperoxide was .changed
to 0.30 wt. part, the amount of potassium oleate
25. aqueous solution was changed to 4.50 wt. parts, and the
other polymerization aids were the same as in Example

12, |
Sheet Has Been Re‘laced
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bact resistance is |owered. The graft copol yner according to the

g i nvention conprises the above-nentioned rubber polj s 88 }{ ‘N
g and a random (co) pol ymer of the vinyl nmononer (m ru ES i%éﬁ%é%é%ﬁ?
B8B anches onto the rubber polyner so as to provide a ftratio (as

g8d hereinafter) of 5 - 55 % preigerably 10 - 45 % A graft ratio of
B> %results in a lower conpatibility wwth a thernoplastic resin and a
i npact resistance-inparting effect. On the other hand, it is

Mult-to obtain a graft copol yner having a graft ratio exceeding 55 %
88 (hus un-econdhearesplkantiypbber polymer latex was

‘subjected to the same two stages of graft
-polymerization as in Example 12.
‘The properties of the resultant rubber polymer
5 and graft copolymer are also shown in Table 2A.

Example 14

Emulsion polymerization was performed in the
same manner as in Example 1 exéept that the amounts of
the 4-isopropenylbiphenyl, 1,3-butadiene and

10 * divinylbenzene were changed to 7.0, 64.0 and 0 wt.

.part(s), respectively, 4.0 wt. parts of styrene was

iy

i used anew, and the amount of potassium oleate aqueous
Ry

solution beﬁor; the commencement of polymerization was
changed to 2.90 wt. parts.

15 Thé propertiés of the resultant rubber polymer
and graft copolymer are shown in Table 2A.

Example 15

Emulsion polymerization was performed in the

same manner as in Example 1 except that the amounts of

b
¥

20 the 4-isopropenylbiphenyl, 1,3-butadiene and

Ay
L
i

divinylbenzene were changed to 6.5, 62.0 and 0 wt.
J part(s), respectively, 6.5 wt. parts of 3-isopropenyl-

biphenyl was used anew, and the amount of potassium

oleate aqueous solution before the commencement of
25 -polymerization was changed to 2.90 wt. partsf
The properties of the resultant rubber polymer

and graft copolymer are shown in Table 2A. ===
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g10. to the present invention, it is possible to obtain a novel graft
fer conprising as the trunk polyner a rubber pol yne - -aten
M. Ve i ndex and also a |low glass transition tenper
, Fopol ymer is useful as REPLACEMENT SHEET - 14-
B with a various thernoplastic é sin for inparting=ap—tnpact—"—"
ance W thout inpairing the tran S

r——"“‘""‘
itﬂMQSHé@KmA@BEaM-

q4 Pol yRBPLACEDe

arency - The graft copol ymer may be

Comparative Example 1

A stainless steel autoclave was chaéged with
thg foliowing composition of monomers and
polymerizatipn aids including styrene instead of the 4-
isopropenylbiphenyl used in Example 1 and subjected to

emulsion polymerization at 80 ©°cC.

1,3-Butadiene 56.50 wt.part(s)
Styrene 18.50 "o
Divinylbenzene 0.262 "

(purity 57.2 %)

- Diisopropylbenzene hydroperoxide . 0.150 "
(purity 50 %) -

. Sodium pyrophosphate 0.125 "

Disodium ethylenediamine-

tetraacetate 0.00375 "
Ferrous sulfate 0.00225 - "
Potassium oleate aqueous solution 0.84 "
(15.5 %) _
Deionized water 180 "

"After 4 hoﬁrs from the commencement of
polymerization, 4.8 wt. parts of potassium oleate
aqueous solution (15.5 %) was added. During a period
after 5 hours from the commencement of polymerization,
1.0 wt. parts of t-butyl hydroperoxide agueous solution
(5 %) and 1.0 wt. parts of sodium formaldehyée
sulfoxylate aqueous solﬁtion (5 %) were intermittently

post-added. The.polymerization conversion after 8
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rul arly advant ageously bl ended with a thernoplastic resin rich in

f yoar ency, such as a vinyl chloride resin inclusive of EN
el de and chlorinated polyvinylchloride, polystyrene, | i Sﬂiw.ggiBE
el nc-acrylonitrile copolyner, [err]-nmethylstyrene- acr Ioniﬁ#ilﬁ

ymer, styrene-acrylonitrile-netdgd nethacryl ate copofryner,

g ne- net hyl nmet hacryl ate copol yner, polyester such as pol yethyl ene

EBht hal ate, or polycarbonate. In order to provide a t hernopl astic resin
@sition with a good transparency, the thernoplastic resin my

B abl YhoRxR %r%fiﬂaetw@m?aas%ewh. efh PL¥MEELZREIGP YPfrers by at nost

rrom et ofog g,

The resultant butadiene-styrene copolymer
latex was cooled to 60 ©C and then subjected to two-

5 stages of graft polymerization by using the same
compositions of monomers and polymerization aids as
used in Example 1.

The properties of the resultant rubber polymer
and graft copolymer are also shown in Table 2A.

10 Comparative Examples 2 - 4

'@ﬁﬁ@EFV?{

oA

Emulsion polymerization was started at 60 °C

ot i

in the same manner as in Example 1 except that the.
amount of 1,3-5htadiene and styiene was changed to
57.75 and 17.25 wt. parts (Comparative Example 2); 45.0
15 and 30.0 wt. parts (Coméarative Example 3) and 37.5
and 37.5 wt. parts (Comparative Example 4),
respectively.
‘After 3 hours from the commencement of
polymerization, 3.8 wt.'parts of potassium oleate
20 aqueous solution (15.5 %) was post-added. From 4 hours
after the commencement of polymerization, 1.0 wt. part
_ of t-butyl hydroperoxide aqueous sqlution (5 %) and 1.0
ﬂ wt. part of sodium formaldehyde sulfoxylate aqueous

solution (5 %) were added intermittently. The

25 polymerization conversion after 7 hours from the
commencement of polymerization was almost 100 %.

Each of the three types of rubber polymer

Ao &Ws‘.ﬂ-;n. Ay Sy .
(A 8
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opolymer. In this case, the graft copol yner accordlng to the

. pr esent
gon may preferably be used in an amount of 2 - l

. part

10

15

20

2%

‘,_ilplaStIC resin.
Sl s ent

cxcel
@' | i ng the rubber pol ynmer content therein.

s (giving a total of 100 wt. parts with the
On the other hand, the graft copadl

I nvention may be used fop3®&r|ous pur poses as a thernDpIastlc
l ent in transparency as well as in inpact resistance by

latexes was subjected to two stages of graft
polymerizafion in the same manner as in Example 1.
The properties of the resultant rubber

polymers and graft copolymers are also shown in Table

2A.

Comparative Example S

Emulsion polymerization for preparing a graft
copolymer was performed in the same manner as in
Example-10 except that the amount of 3-butadiene was

changed to 49.4 wt. parts and the 1,3-isopropenyl-

"biphenyl was replaced by 15.6 wt. parts of styrene.

The properties of the resultant rubber polymexr
and graft copolymer are also shown in Table 2A.

Further, the compositions of the graft
copolymers prepared in the above Examples and
Comparative Examples are inclusively shown in Table 1.

Further, among the graft copolymers thus
prepared, some graff copolymers having a refractive
index close to that of polyvinylchloriée resin were
respectively mixed with polyvinyl chloride to obtain
polyvinyl chloride resin compositions, and rhe
properties (Charpy impact strengths and transparencies)
of the resultant compositions were measured in .the

above-described manner. The results are shown in Table

\

2B.
(Evaluation)

The refractive indexes and glass transition

- This Sheet Has Been Repl
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Exanpl es] Herei nbel ow, the present invention will be explained based

hpl es and Conpar ative Exanpl es. The physical proper 'fﬁ| 1 bedaren
scasured in the follow ng manner. Refractive index (D f) REE

B’ A cast filmis prepared froma rubber polyner |at

4

f g in nethyl alcohol and dried ungdgr vacuum for 24 hours at room
g ature to forma sanple film (of about 200 microns in thickness), the
temperatures of rubber polymers obtainéd by
" copolymerizing 4-isopropenylbiphenyl or styrene with
1,3-butadiene are shown at Examples 1 - 5 and
Comparative Examples 1 - 4-in Table 2A. In view of
5 these.data in comparisoﬂ, it is clear that the rubber
polymers obtained by using 4-isopropenylbiphenyl as a
comonomer (Examples 1 - 5) provided lower glass
transition temperatures than those of butadiene-styrene
copolymer rubbers (Comparative Examples 1 - 4) at
10 comparable refractive index levels.
It is also clear that the rubber polymers
comprising copolymers of 3-isopropenylbiphenyl
(Examples 9 and 10), 2-isopropenylnaphthalene (Example
11), 4—v1ny1b1phenyl (Example 12) and 2-
15 wvinylnaphthalene (Example 13), respectively, with 1,3-
butadiene also provided lower glass transition
temperatures than those of butadiene-styrene copolymer
rubbers at comparable refractive index levels.

In view of Examples 5 and 6 using an identical

20 rubber polymer comprising a 1,3-butadiene/4-
isopfopenylbiphenyl copolymer in comparison, the graft
copolymer obtained by using 3-isoprbpenylbipheny1 as a
grafting compéﬁéﬁt (Example 6) provided a higher
refractive index and_unexpectealy a lower glass

25 . transition temperature of the rubber polymer\pértion

than the graft copolymer obtained without using such an

aromatic polycyclic vinyl monomer.
is Sheet Has Been Rep‘a;ed
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tive index of which is neasured at 23 [err]qC by using an Abbe:
tometer. 2) Graft copol ymer A graft copol yner re5|% -
[

gn-rr]C to forma film (of about 50 microns in thickn
fct i ve i ndex of which is nmeasured at 23 [err] C by us )l '
gictoneter. G ass transition tenpesgture (Tg) An about 200 m cron-thick
@ essed filmof a graft copol yner was subjected to a viscoelasticity
E@usi ng a tester ("Rheovibron DDV-11-EA", nfd. by Oientec K K) at a
scncy of 110 Hz and a tenperature-raising rate of 2 [err]C/mn to
bl o In this way, if the monomer represented by the.
formula (I) or (II) is used .in both the rubber.
component and grafting component, it is possible to
effectively increase the refractive index compared
5 with the increase in glass transition temperature of
the rubber polymer.
Further, in view of Example 10 and Comparative
Example 5 using grafting componénts of the same
cémposition including 3-isopropenylbiphenyl, it is
10 clear that the graft copolymer obtained by using 3-
'g. .isopropenylbiphenyl also in the rubber polymer (Example
5 .
10) provided a lower glass transition- temperature of
the rubber polymer and also higher refractive indexes
of the rubber polymer and graft copolymer than the

15 graft copolymer obtained by using styrene instead

thereof (Comparative Example 5).

Example 16

A rubber polymer latex was prepared in the

same manner as in Example 8 except that the charged

o '-.’.'E‘d_u" e
SRR

20 amount of potassium oleate aqueous solution before the

M,
AN,
X

&

commencement of polymerization was changed to 4.0 wt.

2 .;_
i
s

parts.
The polymerization conversion of the monomers
was almost 100 %, and the average particle size of the
25' rubber polymer latex was 110 nm. '

The resultant rubber. polymer latex was cooled

to 60 °C, and the following mixture was added thereto,
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atures giving maxi num peaks appearing in a | oss nodul us-tenperature

of which tenperatures the |owest one is regarded asthe=

AN D -
g tion -16- tenperature of the rubber polyner in thi‘@ﬂ&thETHASBEEN

yer . Average particle size in latex The average partilcle sPERLAFPER

pol ynmer or graft copolyner in-36Fatex formis neasured by using a
ron particle size anal yzer ("Coulter Counter

followed by 6 hours of emulsion polymerization at 60

©c.
Methyl methacrylate 12.5 wt.part(s)
Styrene : : " 12.5 "
5 t-Butyl hydropefoxiée agueous -
solution (5 %) : 4.0 "

Sodium formaldehyde sulfoxylate
agueous solution (5 %) 4.0 "
After 3 hours from thg commencement of the
10 graft polymerization, the following aqueous solutions
were post-added.
t-Butyl hydroperoxide aqueous .
solution ES %) | | 4.0 wt.part(s)
Sod;um formaldehyde sulfoxylate '
15 agqueous solution (5 %) . 4.0 "
The compositions and properties of the
resultant rubber polymer and graft copdlymer are shown
in Tables 3 and 4, respectively, appearing hereinafter.

Example 17

20. : A rubber polymer latex was prepared by
emulsion polymerization in the same manner as in
" Example 16. |
The resultant rﬁbber polymer latex was cooled
to 60 ©°C, and the following mixture of monomers and
25 polymerization aids was added thereto, followed by 4.5.
hours of graft polymerization at 60 ©c.

Acrylonitrile 5.0 wt.part(s)
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d. by Coulter Electronics Co.). Gaft ratio and G aft _effiei

“ratio" is defined as a ratio of the ampunt of a gﬂaﬁhkﬂgHEEﬂﬁeﬁéﬁﬁN
ly grafted onto a rubber polymer to the anount of tlhe rulfzn.ASEDYner.
efficiency” is a ratio of the ambunt of a graftin
ly grafted onto a rubber polynersfo the amount of a grafting nmonomer
re) used in the graft polynerization. A sanple graft copol yner is.

i with nethyl al cohol and dried under vacuum for 24 hours at room

ature, followed by addition of methyl ethyl ketone and 3 hours of

ng at 70 [Sewxlkfie Then, the . 7.5 wt.part(s)

t-Butylhydroperoxide aquéous
solution (5 %) | . 3.0 "
Sodium formaldehyde Sulfoleate
5 aqueous solution (5 %) | 3.0 "
Subsequently, the following monomer mixture
and polymerization aids were added to the systen,

followed by 6 hours of second-stage graft

: polymerization.

E{ 10 Acrylonitrile 5.0 wt.part(s)
;f Styrene | 7.5 "

3

t-Butylhdeoperoxide agqueous |
solution (5 %) 3.0 "
- Sodium fofmaldéhyde sulfoxylate
15 agqueous solution (5 %) 3.0 "
The compositions and properties of the
resultant rubber polymer and graft copolymer are also
sﬂown in Tables 3 and. 4.

Example 18

20 A rubber polymer latex was prepared by
emulsion polymerization in the same manner as in
Example 16 except that the amounts of 4-"
isopropenylbiphenyl, 1,3-butadiene and potassium oleate
agqueous solution a@ded before polymerization were

25. changed to 10.4 wt. parts, 69.6 wt. parts ané 4.3 wt.
parts, respectively.

The resultant rubber polymer latex was cooled
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= e

e is cooled to 4 [err]C and then subjected to centrifugation for 1.5

on,

10

15

20

25

under a centrifugal force of 49,000 Gto be separat i ] :
ket one- sol ubl e ?raction and a nethyl ethyl ketone-in§ﬁﬁh%W%ErH§%gEE§:“
foll owed by drying. Then, the nethyl ethyl ketore-ins&GAZED j
on is weighed. In this way, the3gethyl ethyl ketone-Tmnsoluble -17-
on wei ght, the rubber polyner weight and the

to 60 °C; and the following mixture was added thereto,
followed by 7.5 hours of graft polymerization at 60 ©c.
Acryionitrile 8.0 wt.part(s)
Styrene .12.0 "
t-Butyl hydroperoxide aqueous
solution (5 %) | 3.0 "
Sodium formaldehyde sulfoxylate
aqueous solution (5 %) 3.0 "

After 3 hours from the commencement of the
graft polymerization, the following aqueous solutions
were post-added.

t-Butyl hfdroperoxide.aqueous

solution ES %) 4.0 wt.part(s)
Sodium -formaldehyde sulfoxylaté

aqueous solution (5 %) 4.0 "

The compositions and properties of the
resuitant rubber polymer and graft copolymer are also
shown in Tables 3 and 4.

From the results of Examples 16 - 18 shown in
Tables 3 and 4, the characteristics of the graft
copolymer according to the present iﬁvention that the
rubber polymer and the graft copolymer are provided
with a high refractive index while retaining a .low
glass transition-temperature of the rubber polymer,
explained with reference to Examples 1 - 15, were
commonly attained with respect to a one-stage graft

copolymer (Example 16), a two-stage graft copolymer
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ng nononer wei ght are obtained. Fromthese results, the-graft—ratig=—-x=
e graft efficiency are cal cul ated based on the'folIomﬂngHﬁyﬁmﬁHﬁmmﬁsaEEN

e ratio (%9 = [(methyl ethyl ketone- insoluble fractionlwei ghRePLAGEBer
S v\ei ght )/ (rubber pol ymer wei ght x 100. Graft effici =

@yl ethyl ketone- insoluble fracti®on weight - rubber pol yner
% )/ (grafting nononer weight)] x 100. Herein, the anpunt of the
@rs used for the rubber polynmer polynerization is used as the rubber
e’ Ve gontaiingad RryalonTRY 238 | Q) HIVEF S O nd Sc&a&sﬁeﬁtsal ly 100 %
fcr, the polynerization
" (Example 17) and a one-stage graft copolymer containing

| Rmvemm-onmamt

acrylonitrile in the grafting component (Example 18).

Example 19

5 A rubber polymer latex was prepared by
emulsion polymerization in the same manner as.in
Example 9 except that the charged amounts of 3~
isopropenylbiphenyl, T;B-butadiene and potassium oleate
agueous soiution added before polymerization were

10 changéd to 26.25 wt. parts, 48.75 wt. parts and 0.93

& -wt. parts, respectively. The resultant rubber polymer

latex showed an averagé particle size of 210 nm.

The rubber polymer latex was cooled, weighed
in 77.5 wt. parts so as to provide 20 wt. parts of the
{ 15 rubber content, and then charged into a stainless
steel-made autoclave equipped with a stirrer together
with thé following mixture, followed by aeration with
nitrogen and heating to 60 °cC.

Deionized water 140 wt.part(s)

20 Diisopropylbenzene hydroperoxide 0.15 "
(purity 50 %)
Sodium pyrophosphate 0.08 "
Disodium ethylenediamine-
tetraacetafe 0.003 "
25 Ferrous sulfate 0.0018 "
Potassium oleate aqueous

solution (15.5 %) 3.2 "
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5ion of the nononer for the graft polynerization is. also
@ntially 100 %
2] + [grafting nonomer weight]).
®efficiency corresponds to the nethyl
gon (i.e., \
#de resin conposition 1. Transparency A sanple graft -copolymner is
#d with other ingredients according to a prescription shown bel ow, and
end is kneaded f
[err]C and, a

(Thus, [graft copolynmer weight] [ergif=

A difference bet wednT?

&7 ARG BEEN
E@Réebhe
et hyl ket one-

t he non-grafted pol ymagofraction). Properties of polyvinyl

r 3 mn.
3 the

reached 60 ©C, 23 wt. parts of acrylonitrile and 57 wt.

on rollers heated at a surface tenperature
tgmperature within the autoclave

parts of styrene were added, and then 0.6 wt. part of
sodium formaldehyde sulfoxylate aqueous solution (5 %)
was added to start graft_polymerization. From 9 hours
after the commencement of the graft polymerization, the
following aqueous solution was post-added
intermittently. -

t-Butyl hydroperoxide aqueous

- solution (5 %) 4.0 wt.part(s)
Sodium formaldehyde sulfoxylate
aqueous solution (5 %) 4.0 wt.part(s)

An agéioxidant emulsion was added to the latex

after 12 hours of. the gra%t polymerization, followed by
acid precipitation with hydrochloric acid aqueous
solution, de-waterihg; washing with water and drying to

obtain a- powdery graft. copolymer.

The thus-prepared powdery graft copolymer

"having a rubber content of 20 wt. % was kneaded for 3

min. on rollers having a surface temperature of 175 ©cC.
The resultant milled sheet was preheated for 2 min. and

then molded under a load of 150 kg/cmz_for 1 min. by

- means of a hot press having a hot plate temperature of

200 °C to be molded into a 2 mm-thick plate product. A

test piece measuring 50 mm-long and 50 mm-wide waé cut
out from the plate product and subjected to measurement

of a parallel light transmittance and a haze value

This Sheet Has Been Replaced
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@pRreheating in a hot press having a hot plate tenperature of 200
‘M C, hot-pressed for 2 mn under a | oad of 150 kg/cnR tq;b@:mn#ﬁjt”'———};;w
M thick plate. Fromthe plate, a test piece neasuring150+mﬁ€HEBﬁ%g%éF _
wide is cut out and subjected to neasurenent of a par Ileﬁjggﬁﬁl_____,__j

m ttance and a haze val ue accordidng to JI'S K7105 (1981y~
dcription) Polyvinyl chloride resin 100 wt. part(s)

similarly as in the case of a polyvinyl chloride resin
composition. |
Further, a No. 5 test specimen_(with a V-
notch) according to JIS K-7111 (1984) was cut out from
5 the 2 mm-thick plate product and subjected to a Charpy
impact test at 23 ©C. Further, a No. 1 E.D test

specimen (without a V-notch) was similarly cut out and

subjected to a Charpy impact test at 0 ©cC.

Comparative Example 6

10 ' A rubber polymer latex was prepared in the
lsame manner as in CbmparativelExample 1 except that the
charged amounts of 1,3-butadiene, styrene,:
divinylbenzene: deionized water and potassium oleate
aqueous solution added before polymerization were

15 changed to 33.75 wt. parts, 41.25 wt. parts, 0 wt.
part, 200 wt. parts, and 0.81 wt. part, respectively.

i The resultant rubber polymer latex showed an average

particle size of 200 nm.

The résultant rubber polymer latex was cooled,

20 weighed in 77.5 wt. parts so as to provide 20 wt. parts

of the rubber content and then subjected to graft
copolymerizafion in the same manner as in Example 19 to
provide a graft copolymer latex containing-ZO wt. parts
~ of the rubber content. The.latex was treated in.the
25 same manner as in Example 19 to obtain a powdery graft
copolymer.

The compositions of the rubber polymers and

-Thié-Sheet-Has Béen RTlaced -
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ikl age degree of polynerization = 700) Octyltin-type stabilizer
&1 gher al cohol |ubricant 0. 8 Hi gher fatty{&ffr‘:i~
§ cant 0.2 Pol yner processing aid 1.0 Cﬁéﬁﬁ ]
P2 Charpy inpact strength A 3'mmthick plate is prepared ﬂn_iimg 2P
:®r described above for measurement2of transparency. In this case,
&er, in addition to a conposition containing 10 w. parts of a graft

g ynmer as described above, a conposition containing 12. wt. parts of a

CO@”@@E%tiébB$£9&é§9 ﬁPeBQPEdcgﬁeﬁxémple 19 and Comparative

Example 6 are shown in Table 3, and the properties

thereof and of molded samples from the graft copolymers

are shown in Table 4.

féi_ 5 (Evaluation)

A ' From the comparison of Example 19 and |
Comparison Example 6, it is clear that the rubber
polymer containing 3—isopropenylbiphenyl aécording to
the.presept invehtion (Example 19) showed a remarkably

10 lower glass transition temperature than the Butadiene-

| styrene copolymer (Comparative Example 6) at an
'identical refractivé ihdex level. Further, the graft
copolymer obté{hed in Comparative Example 6 was very
brittle at a low temperature, whereas the graft

15 copolymer obtained in E#ample 19 showed an excellent
impact resistance even at a low temperature.

Example 20

A stainless steel-made autoclave equipped with

a stirrer was charged with the following composition of
starting materials, followed by closing, nitrogen-

aeration and evacuation.

3-Isopropenylbiphenyl ' ~ 28.0 wt.part(s)
ﬁ-Dodecyl mercaptan 0.14 , "
Diisopropylbenzene hydroperoxide 0.21 "

(50 &) ' *
Sodium pyrophosphate ’ _ l0.125 "
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these plate products, V-notched test pieces (No. 5 test speC|nen
dlng to JIS K7111 (1984)) are cut out. The neasurenen =
®rr]C and 10 [err]C according to JI'S K7111 (1984). Y—TQE_F

epresented by ordinary Charpy |ng%ct strength vaIu:s as REPLAQED‘
| e breakage percent given in paTehtheses as shown i\n—Fese=oE
nafter which is a proportion of broken test piece

Disodium ethylenediamine-
tetraacetate 0.00375 wt.part(s)
Ferrous sulfate 0.00225 "

- Sodium formaldehyde sulfoxylate 0.03 "

5 Sodium dodecyl-diphenyl-ether-
| | disulfonate aqueous solution  0.13 "
(50 $) |
De-ionized water 200 | "

}Then, 42.0 wt. parts of 1,3-butadiene was
10 - supplied, and the autoclave was externally heated to 80
©c to start emulsion polymerization.

From 3 hours after the commencement of
polymerizatiqn,’1.2 wt. parts of t-butyl hydroperoxide
aquebus solution (5 %) and 1.2 wt. parts of sodium

15 - formaldehyde sulfoxylate aqueous solution (5 %) were
post-added intermittently in 15 hours. Further, at 7
hours afteF'the commencement of'pplymerization, 1.0 wt.
part of sodium dodecyl-diphenyl-ether-disulfonate
aqueous solution (50 %) was added so as to retain the

20 stability of emulsion polymer particles within the

autoclave.

Afte; 18 hours of reaction, the pressure
within the autoclave was lowered tb the étmospneric
pressure by venting, and then the latex within the

25 autoclave was cooled to 60 °C. v
The resultant rubber polymer showed an average

particle size of 200 nm in its latex form and showed a
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@ cs causing a ductile breakage that the test piece is not br oken |nto
et'ely separate two fragnents but such two fragnents are=k
the broken part is stretched. Exanple 1 A stainless ¢

sition of materials, followed byd4ttrogen aeration, ga evacuat i on
eating to 80 [err]C 4- Isopropenylblphenyl 9.75
rt(s) (crystal, purity 99.5 % Divinyl benzene

Q%%faé@lve %iidex np at 23 9C of 1.568.

To the rubber polymer thus obtained, the
following monomers and polymerization aids were added
to effect 2.5 hours of graft polymerization at 60 °cC.

5 Styrene . 11.25 wt.part(s)
Acrylonltrlle 3.75 "
t-Butyl hydroperoxide aqueous

solution (5 %) - . 1.0 "
Sodium formaldehyde sulfoxylate
10 aqueaus solution (5 %) ' 1.0 "
| Incidentally, the t-butyl hydroperoxide
aqueous solution and sodium formaldehyde sulfoxylate
agqueous solutlon were added intermittently in 5 times
at an interval of 30 min.
15 ihen, the following moaomers and

polymerization aids were added to effect 6 hours of

B b

second-stage graft ‘polymerization at 60 °cC.

Styrene 11.25 wt.part(s)
Acrflonitrile . : 3.50 "
.20 Methyl methacrylate ' 0.25 . "

t-Butyl hydroperoxide agueous
solution (5 %) 1.0 "
Sodium formaldehyde sﬁlfoxylate
. aqueoua solution (5 %) 1.0 "
25 Similarly, the t-butyl hydroperoxide aqueous
solution and sodium formaldehyde sulfoxylate agqueous

solution were added intermittently in 5 times at an

~ "This Sheet Has Been Replace

A Il i




-"qprppylbenzene hydr oper oxi de 0.150 (purity 50 9% Sodi um

phosphat e 0.125 . Di sodi um et hyl enedi afiime=
daacet ate 0.00375 " Ferrous sulfai &HIS SHEET HAS BEEN

P§225 " Pot assi um ol eat e agueous %&hUtlon 2.58 (15.5 @6 DE|oﬁﬁf$ﬁch
8 _ 200 After “the tenperature wi t hi n the autocl ave

interval of 30 min.
Further, at 4 hours after. the éommencement of

the second stage-graft polymerization, the following

polymerization aids were added.

%
'; 5 t-Butyl hydroperoxide aqueous
! solution (5 %) _ 0.5 wt.part(s)

e

Sodium formaldehyde sulfoxylate

» ettt

aqueous solution (5 %) . 0.5 "

The resultant graft copolymer latex showed an

dndias

10 average particle size of 220 nm.

——in bt

An antioxidant emulsion was added to the

Sortovtnds

resultant latex, followed by salt precipitation'dith
calcium chloride agueous solution, de-watering, washing
with water and drying, to obtain a powdery graft

15 cobolymer.

e tedt

The rubber polymer component in the graft

daians

copolymer showed a glass transition temperature of -26
Oc, and the gréft copolymer showed a refractive index
np at 23 °C of 1.569 in its sheet form.

.20 20 wt. partg of the thus obtained graft
copolymer was blended with 80 wt. parts of a styrene-
acrylonitrilé copolymer resin ("Cebian N-050" (trade
name), available from Daicel Kagaku K.K.), ahd,the
resultant mixture was kneaded for 3 min. on roilérs

25 having a surface temperature of 160 °C. The‘ob%giﬁed
milled sheet was preheated for 5 min. and then molded

under a load of 70 kg/cm2 for 5 min. by means of a hot

MR TSR RRAE et ik BB wdedd el
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B reached 80[err]C, 65.25 wt. parts of 1, 3-butadi ene was added to

3| ve the 4-isopropenyl bi phenyl crystal within the autoclave wth the—
di ene. Thereafter, 0.6 w. part of sodi um formal dehy qTﬁg SHiey -seBEEN
pus solution (5 % was added to initiate emul sion pof nerlﬁgﬁLAUED/Wte -
y@rs fromthe cormmencenent of poel4grerization, 2.5 wt.\i

e aqueous sol ution was post-added. During a period after further 1
(after 5 hours fromthe commencenent of polynerization) 7.5 W. parts

T R
shaped into a 3 mm-thick plate product. A test piece
measuring.so mm-long and 50 mﬁ-wide was  cut out.frqm
the plate product and subjected to measurement of a

5 parallel lighﬁ tranémittance and a.haze value.

Further, a No. 5 test specimen (with a V-notch)

.according to JIS K-7111 (1984) was cut out from the

plate product and subjected to a Charby impact test at

23 ©c. |

Comparative Example 7

A rubber polymer was prepared by emulsion

polymerization in the same manner as in Example 20

- .
RRRRELCNE T 20F HEGh

i aaintie . 32 il AR SRS AR, i
=3
o

except that 39.2‘wt. parts of styrene was used instéad
of the 3-isopropenylbiphenyl and the amount of 1,3-
15 Dbutadiene was changed to 30.8 wt. parts.

The resultant rubber polymer showed an average
particle size of 210 nm in its latex form and a

refractive index n%3'of 1.568 in its sheet form.

The rubber polymer latex obtained above was

20 subjected to two stages of graft polymerization in the

dalioibli  labiitans

same manner as in Example 20.
The resultant graft copolymer showed an

average particle size of 230 nm in its latex fqrm and a

refractive index ng3 of 1.569 in its sheet form. The
" rubber polymer component in the graft copolymer showed
a glass transition temperature of +4 ©C,

In this way, a graft copolymer having

is Sheet Has Been Replaced
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(' Mttently post-added. The polynerization conversion after 11 hours
the commencenent of polynerization was al nost 100 % The r

er pol ymer | atex-showed an average particle size of 180 i ng g@ﬁng
her showed a refractive index nD at 23 [err] C of 1. 53

ined | atex was cooled to 60 OC-gnd t he follomnng nonia

meri zation aids were added thereto, followed by 3 hours of graft
merization at 60 [err]C. Methyl methacrylate 10.5

art(s) Butyl acrylate 2.0
refractive “indexes of its rubber component and itself

dhich were identical to those of the graft.copolymér in
Example 20, was obtained in a powdery form. '
20 wt. parts of the thus obtained graft

5 copolymer was blended with 80 wt. parts of the séme
acrylonitrile—stfrene copolymer resin as used in
Example 20 to prepare a 3 mm-thick plate product, which
was similarly subjected to evaluation of impact
resistance and transparency as in Example 20.

10 The compositions of the rubber polymers and
.graft copolymers prepared in Example 20 and Comparative
Example 7 are shown in Table 5, and the properties
thereof and of ﬁblded samples from the graft copolymers
are shown in Table 6.

15 © In fable 6, the properties of a molded sample

| prepared from the commercially available styrene-
aciylonitrile copolymér alone are a;go shown for
reference. .
From the comparison of Example 20 and

20 Comparative Example 7, the graft copolymer containing
3-isopropenylbiphenyl in its rubber polymer component
.according to the present invention (Example 20}
provided a much better impact resistance-improving
effect than the. corresponding graft copolymer using

25‘ styrene in its rubber'polymer component (Comﬁaraﬁive

Example 7) with respect tO_styrene-acrylonitrile

i
]
a
!
4
i
]
_i
!
1
?3
!
|
{
|
8
|
4
;

copolymer resin while retaining a good transparency

is Sheet Has Been Replaced
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Sodi um f or mal dehyde sul f oxyl at e agqueous solution (5 %
wt.part(s) Then, the follomnng nononer and polynerlf-
@d#ed to the system followed by 4 _hgurs of graft poly gr 172
[egr]C Styrene - '
gyéroperOX|de aqueous

i’%utyl hydr oper oxi de aqueous solution (5 % 3.0 "
22

level.

As. described hereinabove, the graﬁt dbpolymer
according to the present invention is cha;acterizgd.by
‘its high refractive index as well as a low glass

5 transition temperature of its rubber compongﬂt.
Accordingly, the graft copolymer is suitable for use as
an impact resistance modifier to provide a.
thermoplastic resin composition wiﬁh exqgllént
transparency-by.mixing with various thermoplastic

10 resins inclusive of vinYl chloride resin and styrene-
acrylonitrile copolymer resin. Further, the éraft
copolymer is alsb-useful as a transpareht thermoplaétic
resin with excellent impact resistance suitable for
various purposes.

15

b

20

%
s
:
5. é
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gion (5% 4.0 " Sodi um f or mal dehyde
S xyl at e aqueous sol ution (5 % = 4.0 " The
i copol yner |atex showed an avergge particle size of\l
g an antioxidant enulsion, the |atex was subjected d %lﬂk;
pi feitormwit—hyarochf of T acitaqueous—sotutfjon, d

Eﬂf—\t‘\@rBEEN
PLACED

wa and- drying to obtain a graft dopol yner ijn powder form The
D@ Mner] in the graft copol ymer shdqwed a glags transition tenperature
] C,} and the graft ratio and griaft efficijency of the grafting
nept=| rEt he graft.cuppol--yrrer were 31.i1. % and 93.
BIFlrrroiSineetirnniinie
.g ™ O (] (9]
81 | nannn wunonnvnelannne
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can ks

Tabie 1 Composition of Graft Copolymexr
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1st graft components** (wt.parts)
‘A BA ST ; '

** The respective monomer components are represented by their abbreviations as shown in the following page.
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5)
2),

10

15

20

apenyl bi phenyl

3 , ) - dto 60.0
partsriﬁya”plehB)angﬁn? g? 1, 3- but adi ene W change
) t e

56. 25 Wt . _
Abbréviations

1)

2)
- 3)
4)
5)
6)
7)
8)
9)
105
11)

. ' amount of .
] - | xcept that the S S
A the same manner as in Exanple 1 eparltos (Exanpl e 2)
Wl 1N

K THIS SREET HAS BES

W . 5
was changed to 15.0 4) and 30.0 wt. pa{,\;?ﬁ par tREPLACED

parts (Exanpl g

parts (Exanple

BD:
4-1pg;
3-IPB:
2-IPN:
4-vB:;.
2-VN:
ST;
DvB:
t-DM:
MMA ;
Ba:

in Tabie 1
1,3~butadiene
'4-isopropenylbiphenyl
3-i$opropenylbiphenyl.
2-isopropenylnaphthaléne
4- v;nylblphenyl

2« v1nylnaphthalene
styrene

divinylbenzene
tertiary-dodecyi mercaptan
methyl methacrylate
butyl acrylate

D
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A rubber

and t he
and t he

3 l,
copol

‘uoTyeTnbeCO Aq
ucmsmmumacm 92TS X93Fe °9ZTS aToTaed obexese oy sjuesaxdex sosotpyuaxed ay3 UT enfea ayl, (€

Exanpl e

respectiv

pmts(Bmmﬂe5%

parts (Exanple 2),

parts (Exanple 5),
Lyners and graft

9
m xture and pol ynerization aids were added thereto,

parts (Exanple 4) and 45.0 wt.
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| atex was prepared in the same nanner as in Exanple 5,

-~

(.Exanples 3 and 4) and 3.0 w.

5

amoant of potassium ol eate aqueous sol uti on before the comrencenent

w4

| ynmeri zati on was changed to 2.90 wt.
properties of the resultant rubber_g

fol |l owi ng nononer

3),952.5 wt.
pol yrer

5o
inclusively shown in Table 2A appearing hereinafter.
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THIS SHEET HAS BEEN

nmet hacryl ate

6.25 wt.part(s) 3-1sopropyl

hydr oper oxi de aqueous solution (5 %
the follow ng m xture-3gms added to the system

Then, _
hours of graft polynerization at 60 [err]C. Methyl

" Sodi um f or mal dehyde sul f oxyl at e agueous sol ution (5
6.25 wt.part(s) 3-Isopropenyl bi phenyl

" t-Butyl

fol lowed by 5 hours of graft polymerization at 60 [err]C. Methyl

nmet hacryl ate

6. 25
3.°0°
3.0

6.25
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2§fat Butyl hydroperoxi de aqueous solution (5 % - 3.0
*.:pﬁrt(s) Sodi um f or mal dehyde sul f oxyl ate aqueous sol ution 4
S BET A3 BEEN

é;ﬁ'The properties of the resultant rubber polynmer and graf[

al’so shown in Table 2A. Exanple 7 Emul sion pol ynerization ns per REPHAGEP
the same manner as in Exanple 1 excepgzihat the charged ano =57
4-i sopropenyl bi phenyl, 1, 3-but adi ene,
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Bhy| benzene and potassi um ol eate aqueous sol ution before the

;'ncenent of polynerization were changed to 10.5, 64.5, 0 and 3.13 w.

respectively. The properties of .the resultant rubbe
copolynmer are also shown in Table 2A. Exanple 8 A ru % Bkygf QQSBEEN'
was prepared in the sane manner-%$-in Exanple 1 exce :

Bbed anounts of divinyl benzene and potassi um ol eat e aqueous solutlon.

g c the conmencenent of polynerization were changed to 0 and 4.84 wt.

, respectively, and the enul sion polynerization time was changed to’'5
The pol ynerization conversion of the nononers

»®
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i

§ nost 100 %

and the resultant

parts of 1 % di al kyl

Table 5

gﬁt‘%?z
%:g_'mm
o wn |
g |E|s|s
Egﬁﬁﬁ
'Uv
;%::
fga:g
1
HE
g 2 |
5 18|93
2|4
q|8

rubber pol yner

esenting the monomers have the same meanings

pr

** The abbreviations re

1 e size of 100 nm The latex was cooled to-60 [err]C,

. i sul f osucci nat e aqueous - 24- || SIS SHERT AiAS BEEN
about 4 wt. parts of 7.5 %acetic acid aqueous solutloﬁ wer RERIALED '
o for aggloneration for size-ernt¥gyenent of '

8 to provide an average particle size of 190 nm

as in Table 1.

| at ex showed an aver age

rubber part|CIes ntne

Sheet Has Been Replaced
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Thereafter, two staged of graft polynerization were perforned in the sange ——

manner as in Exanple 1. The properties of the rubber polynel-ﬁngspgguuﬁyBEEN
graft copolyner are shown in Table 2A. Exanple 9 A stainlesg steghgpietED

at ocl ave equipped with a stirrer was_ggarged with the fol | twnag
conposition of materials, followed by nitrogen aeration, gas- evacuation
and heating to 80 [err]C. 3-1sopropenyl-bi phenyl 10.5
w.part(s) (liquid, purity 99.5 % Diisopropyl benzene hydroperoxid

0. 150 " (purity 50.% :

H (%)
2.9
7.2
3.6

Transparency

Tp (%)
81.1
77.3
85.1

;ﬁtnamnh

3.0
1.1
14

an;utﬂﬁ;of:ﬂmpaisamﬂes

Table 6

Charpy impact
(kg.cm/cm

G.C.
220
230

Average
particle
size .(nm)
R.P.
200

210

(°C)
 +4

R.P.
~26

G.C.
1.569
1.569

‘Properties of graft copolymer

Refractive index| Tg

( 23) .
R.P.
1.568
1.568

M3graﬂ:cqgﬂymm:a&kﬁ

Ex,20
Conp
Ex. 7

" This Sheet Has Been Replaced

T



Sodi um-pyrophosphate ~0.125 " Disodium et hyl enedi am ne

tetraacet ate 0.00375 " Ferrous su

'Séfﬁfzﬂmlllﬂﬂﬂmﬁllmllllleat6288“2??;5?';;Liﬂperiiﬁ?e(vlﬂﬁi .

reached "80fert] ¢ 64.%5 wt. parts of 1

10

15

20

ut adi ene was -'

. WHAT IS CLAIMED fd:

1. A graft copolymer, comprising: 5 - 90 wt.
pafts of_a rubber polymer and 10 - 95 wt. parts of a
vinyl monomer graft-polymerized onto the rubber
polymer; said rubber polymer comprising 40 - 99 wt., %
of butadiene and 1 - 60 wt. % of an aromatic polycyclic
vinyl monomer représented by the following formula (I)
or (II):

Formula (I) ) Formula (II)

N i
C=CH, or @@-c=gn2 .

wherein R denotes a hydrogen atom or a methyl group.

K3

2. A graft copolymer according to Claim 1,

wherein said rubber polymer shows a refractive index

ng3 of 1.52 to 1.60 at 23 °C, and a glass transition

temperature of -70 ©C to +10-°C._

3. A graft copolymer according to Claim 1 or 2,
wherein said vinyl monomer comprising at least one
member selected from the group consisting of a;kyl
methacrylates, alkyl acrylates, arométic-vinyl
compounds, vinyl cyanides and mixﬁures of these,

monomers with other Vinyl monomers coéolymerizablé

.therewith. - ) v

4. A graft copolymer according to Claim 1 or 2,

This Sheet Has Been Replaced
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- added to suffici ) -i sopropenyl bi phenyl with the butadiene.
Thereafter, 0.6 w. part of- - sodi um fornmal dehyde sul f oxyl at e—agHests

sol uti on (SWmlmmlm‘HH“ ﬂl itiate emul sion pol ynerizati %TH& SEEED HASBEEN
fromthe co 1 ri zatieeg-2.3 w. parts of pptassiAAALAICER e

aqueous sol utibn iléﬁS"@@ was post-added. During a period after~z25=houars
from t-he commencenent of polynerization, 5.0 wt. parts of t- butyl

hydr oper oxi de aqueous sol ution (5 % and 5.0 wt. parts. of sodium

for mal dehydewBerednrypadé Héa&éUQOQQNGFiGﬁmpsiﬁﬁswéﬁelﬁﬁﬁérﬁ*%%entIy
post - added. The_ pol yneri zation conversion after 5 hours from.the
connencénentmﬁpbﬁﬁl?gEFFESFi55°Wa§h&IHE?Ppleenﬁ}Stlng of meth;l

methacrylate, styrene, acrylonitrile and butyl

acrylate.
5
5. A graft copolymer according to Claim 1 or 2,
wherein said vinyl monomer comprises an aromatic
polycyclic vinyl monomer representéd by the formula (I)
or (II).
10 '

6. A graft.copolymer according to aﬁy one of
Claims 1 - 5, .vwherein said aromatic polycyclic wvinyl
monomer represented by the formula (I) comprises at
' least one of 4-isopropenylbiphenyl and 3-isopropenyl-
15 biphenyl.

7. A graft copolymer according to any one of
Claims 1 - 6, wherein said aromatic polycyclic winyl.
monomer repfesented by the formula (II) éomprises 2-

20 isopropenylnaphthalene.

8. A graft copolymer accbrding to any one of
- Claims 1 ~ 7, which has been obtained by graft )
polymerization of'the vinyl monomer in the presence of
25 the rubber polymer in its latex form having an average

particle size of 50 - 800 nm.

-
heet Has Been Rep‘laced
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The. t hus obt ai to 60 [err]C, and two stages of graft ——
pol ymeri zati on rmed in the same nanner as in EX qﬁkﬁs%EEFHQSBEEN
properties of tEﬂi’i&Ez Ii”HMer pol yner and graft copdEymer AR AT
shown in Tabl e . g Wistainless steel -nmade aut otlave—patH-pred——
with a stirrer was charged with the f o P&k ng conposition of materials, .

foll owed by nitrogen aeration, gas- evacuation and heating to 80 [err]C

3- 1 sopropenyl bi phenyl 11.7 wt.part(s) (purity 99.5 %
t-Dodecyl mercaptgn - a graft copolyme} %ccording to any one of

Claims 1 - 8, which has a graft ratiolof'S - 55 %.

10. A graft copolymer according to any one of
Claims 1 - 9, wherein 15 - 50 wt. parts of the wvinyl
monomer is graft-polymerized onto 50 - 85 wt. parts of

the rubber polymer.

11. A graft copolymer according to any one of
Claims 1 - 9, wherein 50 - 95 wt. parts of the vinyl
10
monomer is graft-polymerized onto 5 - 50 wt. parts of

the ‘rubber polymer.

12. A thermoplastic resin composition comprising a

mixture of a thermoplastic resin and a graft copolymer

15
. according to any one of Claims 1 to 11.

13. A thermoplastic resin composition according to
Claim 12, which comprises 50 -~ 98 wt. parts of the
. thermoplastic resin and 2 - 50 wt. parts of the graft
20 copolymer.

14. A thermoplastic resin composition according to
Claim 12, wherein said graft copolymer comprises 50 -

85 wt. parts of the rubber polymer and 15 -~ 50 wt.
25 .

parts of the Vinyl monomer graft-polymerized onto the

rubber polymer. ' _,,f,arff"’“"Pﬂ—’-

Been Replaced
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-26- Diisopropylbenzene hydroperoxide 0.150 wt.part(s) (purity 50 %
Sodi urf pyr ophosphat e 0.125 " Disodiumeth

tetraacetate
0. 00225

wat er

Pot

10

15

20

25

IO .. %505 556765 B ™

15. . A theéfioplastic resin comfoSition according to
any one of Claims 12 - 14, wherein the thermoplastic

resin comprises a vinyl chloride resin.

16. A thermoplastic resin composition according to
any one of Claims 12 - 14, wherein the thermoplastic
resin comprises a styrene-acrylonitrile copolymer

resin.
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After the tenperature wthin'the autoclave reached 80[err]C, 53.3 w. 'parts

of 1;%:-but adi ene was added to m x,t-he~3=F sopr.openyl bi pheny '
aut octave with the butadiene. Thereafter 0.6 wt. part of dﬂNBmHEETHASBEEN '
fornaldehyde sul foxyl at e aqueous solutrign(S % was added o |n|$E%&&CED

¢

enul si on pol ynmerization. After 15 hours fromthe conmmenceneRt—of =

pol ynerization, 2.1 w. parts of potassium ol eate aqueous sol ution (15 5%
was post - added. EUrrng a p-hrod after 20 hours fromthe comencenent of

pol yrneri zat i o BBSERAGH 179 PBRE  hydr oper oxi de aqueous solution (5
% and 1.8 w. parts of sodruntfornaldehyde sul f oxyl at e gueous solution (5
% were internittentlyd»@Xakfeepolymer is formed 'by gra

polymerizing 10 - 95 wt. parts of a v1ny1 monomer onto
5 - 90 wt. parts of the rubber pdlymer which comprises
5 40 - 99 wt. %-of"butaéiene-and 1 - 60 wt. % of an
aromatic polycyclic vinyl monomer represented by the
following formula (I) or (II): ..
Formula (X) | Formula (II)~

. 06l )
10 . ’ C=CH2 - or %—C=CH2 ’

wherein R denotes a hydrogen atoﬁ or a methyl group.

The graft copolymer is characterized by the rubber
polymer having a high refractive index as well as a
low glass transition temperature due to the use of the
15 aromatic polycyclic vinyl monomer. Accordingly, the
'graft copolymer per se may be used as a thermoplastic
resin having good transparency and impact resistance at
a low rubber polymer content and may also be added to a
transparent thermoplastic resin inclusive of a vinyl
20 chloride resin and a st&rene-acrylonitrile copolymer
resin to provide the thermoplastic resin with an
improved impact resistance while retaining a good

transparency.

25
his Sheet Has Been Reﬂlaced
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The pol yneri zati on conversion after 35 hours,jkfg1Kb@f@onnencenent of
t

pol yneri zati on was al nost 100 % The resul t ant ex Wwas :
[ferr]C, and the followi ng nononer mi xture and pol yneri zdl RePLACERENE SHEET
added thereto, followed by 4 hours of graft =~ -27- pol yperization. Methyl
nmet hacryl ate 10.5 wt.1part(s) Styrene | Date:aés OV 1995
5.0 3-1sopropenyl bi phenyl T 2.0

IMPACT-RESISTANT GRAFT" COPOLYMER AND

THERMOPLASTIC RESIN COMPOSITION CONTAINING SAME _

FIELD OF THE INVENTION AND RELATED ART : N

The present'invention relates to a novel graft
copoiymer and a thermoplastic resin composition
containing the same. More particularly, the present
invention relates to a graft copolymer comprising as a
trunk component a rubber copolymer of butadiene with a
biphenyl derivative or a naphthalene derivative which
has a high.refractive index and a low glass transition
-temperature, and also a thermoplastic resin composition
containing the graft copolymer.

The graft copolyme: according to the present
invention may be blended with a various thermoplastic
resin including a vigyl chloride-ba;e_resin to provide
a.resin composiﬁion having excellent transparency and
impaqt‘resistance. "The graft copolymer per se can
constitute a.thermoplastic resin excellent in
tfanspérency and impact resistance when it has a
relatively low content of the rubber polymer.

There have been practicaily used various
thermoplastic resin compositions provided with_ various
perforﬁances inclus#ve of impact resistance by mixing a
graft copolymer obtained by graft-polymerizing a rigid
resin-forming monomer such as styrene and methyl

methacrylate onto a rubber polymer as a trunk



i-ButyI hydr oper oxi de aqueous solution (5 % 3.0 "
Sodi um f or mal dehyde sul f oxyl ate aqueous solution (5 % 3.0
* Then, the follow ng nononmers and polyneri-zati on aids REP@Q&Q@EN?SHE

system followed by 4 hours of a second stage graft pol3ner|zgé n at 6
[err]C. Methyl nethacrylate -2- 10.5 wt . parft sy ﬁ?m"mj9$i“
5.0 " 3-1sopropenyl bi phenyl 2.0 t-Buty |

aqueous solution (5 % 3.0 Sodi um f ornal dehyde
sul f oxyl at e .

component.

In order to enhance the impact resistance-
improving effect by blending with a graft copolymer, it
is necessary to-Sufﬁiciently lower the glass transition
temperature of the rubber component in the graft
copolymer;

Butadiene-styrene copolymer rubber, which has
been commercially widely used, results in a lower
refractive index if the glass transition temperature is
lowered. Thus, if a graftlcopolymer containing as a
trunk component such a rubber having low glass
transition temperature and refractive index is blended
with a thermopiastic resin, the resulting thermoplastic
resin composition is provided with an improved impact
resistance but can also have a lowered transparency.
Such a difficulty is encountered not only with vinyl
chloride resin but ‘also with many otﬁer thermoplastic
resins.

A butadiene-styrene copolfmer rubber can have
a higher refractive index by increésing the styrene
proportion but is simultaneously caused to have an
elevated glass transition temperature.to result in a
smaller impact resistance~improving effect, thus giving

rise to an improper balance of the two properties.

SUMMARY OF THE INVENTION

An object of the present invention is to



équeous solution (5 % 3.0 The properties. of the resultant
rubber polynmer and graft copol yner are al so shown in Table 2A _Exanpke ==
Ermul si on pol yneri zation was perfornmed in the same mann RﬁﬁLA@EﬁEHMﬁHEEI

except that the 9.75 wt. parts of 4-isopropenyl bi phenylliwas re
tkMaﬁbgaﬁéngﬁﬁ

9.75 wt. parts of 2-isopropenyl napht haLgne (crystal, p
anount of potassium ol eate aqueous sol uti on was changed
and the anount of

provide a graft copblymer compfising a vinyl monomer
graft-polymerized onto a rubber polymer having a low

' glass transition. temperature and also a high
refractive index.

A more specific object of the present
invention is to provide a graft copolymer which
provides a composition excellent in impact resistance
and transparency when blended with a various
the:moplastid resin, and also such a thermoplastic
resin cémposition.

'.Another object of the present invention is to
provide a graft copolymer which per se constitute a
thermoplastic resin.excellenf in transparency and
impact resistance at a relatively low rubber polymer
content.

According to our study, it has been found
possible to obtain an objective graft copolymer by
using a biphenyl  derivative or a naphthalene derivative
as a copolymerizing monomer in place of styrene and
copolymerizing it with butadiene to form a rubber
polymer having a high refractive index and also a low
glass transition temperature and by effecting graft
copolymerization by using the rubber polymer as a trunk
component.

Thus, according to the present invention,
there is provided a graft-coﬁolymer, comprising: 5 - 90

wt. parts of a rubber polymer and 10 - 95 wt. parts of



-28- divinyl benzene was changed to zero. The properties of the resultant
rubber pol ynmer and graft copol yner are al so shown in TafpFe
pressure-resi stant gl ass vessel was charged with the fo

pol ymeri zation aids and subjected to 12 hours of emul sipn poI r
under stirring at 60 [err]C 1, 3-Butadigpne t Date : Y@N@w
Wt . part(s) 4-Vinyl bi phenyl 11.25 (Cry

% Divinyl benzene 0. 262 "

a vinyl monomer graft—polymeriied onto the rubber
polymer; said rubber polymer comprising 40 - 99 wt. %
of butadiene and 1 - 60 wt. % of an aromatic polycyclic
vinyl monomer represented by the following formula (I)
or (II):

Formula (I) Formula (II)

R R
I | |
C=CH, or @—C:CHZ ’
wherein R denotes a hydrogen atom or a methyl group.
The present invention further provides a
thermoplastic resin composition comprising a mixture of
the above-mentioned graft copolymer and a therﬁoplastic
resin such as a vinyl chloride resin and styrene-
acrylonitrile copolymer resip.
The above mentioned and other objects and
features of the invention will be better understood
upon consideration of the following detailed

description concluding with specific examples.

DETAILED DESCRIPTION OF THE INVENTION

The graft copolymer of the present invention
will be described in fufther detail.
[Graft Copolymer]
Rubber polymer:

The rubber polymer constituting the ‘trunk
polymer of the graft copolymer may preferably be a

butadiene-based rubber polymer obtained by emulsion



(purity 57.2 9% Diisopropyl benzene hydroperoxi de 0.25 (purity 50 %

Sodi um pyr ophosphat e 0. 10 Di sodi um et hy ﬁ?‘l_f;ql BT st

t'etraacet ate 0.00375 " Ferrous A T SHEET
0.00225 " Potassi um ol eate aqueous sol ution 2.10 . ]D'ioﬁé'S %5 ENﬂ\beQGed
wat er 200 The polaswerizati on convergign g fHE e

resul tant rubber polyner was al nost 100 % To t he rubber polyner Iatex, t he
fol |l owi ng

pél&merization in a known mannér-of a monomer mixture
comprising 40 - 99wt. %, preferably 45 - 90 wt. %, more
preferably 50 - 90 wt. %, of butadiene and 1 - 60 wt.
%, preferébly 10 - 55 wt. %, more preferably 10 - 50
wt. %, of an aromatic polycyclic vinyl monomer
represented by the formula (I) or (II).

. Examples of the aromatic polycyclic vinyl
monomer represented by the formula (I) or (IXI) and
copolymerized w1th butadiene may include. vinylbiphenyl
compounds, such as 4- -isopropenylbiphenyl, 3-
isopropenylbiphenyl and 4-vinylbiphenyl; vinyl-
naphthalené compounds, such as 2-isopropenylnaphthalene
and 2-vinylnaph£ha1ene; and alkyl(preferably C; - C3)-
substituted derivatives and halogen-substituted
derivatives of the above.

If the cohtent of the aromatic polycyclic
vinyl monomer is below 1 wt. %, it is impossible to-
effectively increase the refractive index of the
resulting rubber polymer. Such a rubber polymer is not
desirable as é trunk polymer because the resulting
graft copolymer is caused to have a large difference in
refractive index between the trunk polymer and the
grafting component in the graft copolymer, thus lacking -
uﬁiformity of the refractive index of the graft

| copolymer per se. On the other hand, a proportion
exceeding 60 wt. % of the aromatic polycyclic vinyl

monomer is not preferred because the resulting rubber



nononers and pol ynmeri zation ai ds were added, foll owed y=2=5howw g5

S —TH
L= s - | 91

pol ynmeri zation at 60 [err]C. -29- Met hyl nmet hacryl afjeREPLACEMENT SHEET
10.5 wt. part(s) Butyl acrylate 2.0 K-

hydr oper oxi de aqueous solution (5 % Date IZZ?B&{W]Q%dl
f or mal dehyde sul f oxyl ate aqueous sol uti-&- (5 % =& 8

Then, the follow ng nononmer and pol ynerization

polymer is caused to have an elevated glass transition
temperature close to room temperature, thus losing
rubbery properties.

The rubber polymer having a composition within
the above-described range may have a refractive index
np at 23 °C in the range of 1.52 - 1.60, preferably
1.53 - 1.59, and a glass transition temper#ture in the
range of -70 ©C to +10 °C, preferably -70 °C to +0 °C.
A refractive index below 1.52 is not substantially
different from that of polybutadiene and a refractive
index exceeding 1.60 is accompanied with an increase in
glass transition temperature. Accordingly, it ié
desired that the rubber polfmer for the graft copolymer
of the preéent invention has a refractive index and a
glass transition tempefature within the above described
ranges;

When the aromatic polycyclic vinyl monomers
according to the formulae (I) and (II) are compared
with each othér, both are excellent in the effect of
increasing the'refractive index of the rubber polymer
while suppressing the increase in glass transition
temperature but the one represented by the formula (II)
can result in a graft copolymer possibly containing a
very slight amount of the non-reacted monomer which can
be Qolatilized to generate an odor when the éfaft
copolymer is dried or heated for processing or molding.

On the other hand, in the case of using a monomer



aids were added to the system followed by 3 hours of
at 60 [err]C. Styrene 12. 5
hydr oper oxi de aqueous solution (5 %

f or mal dehyde sul f oxyl ate aqueous sol ution. (5 %
properties of the resultant rubber. polynmer and graft copokynss

shown in Table 2A. Exanple 13 A rubberlﬁblyner | at ex was prepared through
20 hours of emul sion polynerization at 60 [err]Cin a simlar nanner as in
Exanple.12 with.the proviso that the 11.25

-represented by the formula (I), no order is generated

from the-resulting gfaft copolymer on heating even if a
slight amount of the non-reacted monomer remains
therein after the polymerization. For this reason, the
. graft copolymer obtained by using the monomer
represented by the formula (I) may be rather preferred
.as a thermoplastic resin or an ingredient of a
thermoplastic resin composition blended with a various
thermoplastic resin. |
Another vinyl monomer copolymerizable with the
aromatic polycyclic vinyl monomer can be used together
with the aromatic polycyclic vinyl monomer within an
extent not dev;ating from the object of the present
invention. Examples of such another vinyl monomer may‘
include: aromatic vinyl compounds, such as styrene and
-methylstyrene; vinyl cyanides, such as acrylonitrile
and metﬁacrylonitrile; acfylic-acid, methacryiic acid;
alkyl acrylates, such as ethyl acrylate, butyl
acrylate, and ethylhexyl acrylate; and alkyl
héthacrylates, such as methyl methacrylate, ethyl
methacrylate and butyl methacrylate. In case of using
such another vinyl monomer, it is desired to use-such
another vinyl mdnomer in an amount of at most 59 wt. %,
particularly 1 - 40 wt. %, of the total ‘amount of the
monomers (i.e., butadiene + the aromatic polycyclic

vinyl monomer + such another vinyl monomer) so as to

replace a portion of the aromatic polycyclic vinyl



Wt . parts of 4-vinylbi phenyl was replaced by 11.25 wt. parts_of
2-vi nyl napht hal ene (crystal, purity 98 9%, the anmount o ENZ
hydr oper oxi de was changed to 0.30 wt. part, the anmount R%F&Qégﬁﬁﬁﬁ HEET o
aqueous sol ution was changed to 4.50 wt. parts, and the g%ger 2 5 NOV 1996
pol yneri zation aids were the same as i nr8&xanple 12. The resut-tant
rubber pol yner |atex was subjected to the sane two stages of graft

monomer while retéining the above-mentioned lower limit
of the aromatic poiycyclic vinyl monomer.

It is also possible to use a polyfunctional
monomer copolymerizable with the aromatic polycyclic
vinyl monomer and butadiene, as desired, to provide a
crosslinked rubber polymer. The polyfunctional monomer
may be used in an amount of at most 10 wt. %,
preferably 0.1 - 5 wt. %, of the total monomer amount
excluding the polyfunctional monomer. An amount

_exceeding 10 wt. % is not preférred because the
~resulting rubber polymer is caused to have an elevated
glass transition temperature ana a pdof elastomeric
property, thus lowering the impact resistance-imparting
performance of the graft copolymer.

Examples of the polyfuﬁctional monomer may
include: aromatic polyfunctional vinyl compounds, such
as divinylbenzene and divinyltoluene; di- and tri-
methacrylates and di- and tri-acrylates of polyhydric
alcohols, such as ethylene glycol dimethacrylate,
triethylene glycol dimethacrylate, and 1,3-butanediol
diacrylate; and allyl compounds, such as diallyl
maleate, diallyl phthalate and allyl methacrylate. The
above are noﬁ exhaustive and it is generally possible
#o use a compound having two or more double bonds in
its molecule and copolymerizable-with'the aromatic
polycyclic vinyl monomer and also butadiene. It is

also possible to use a chain transfer agent in an




st ant-—+ubhber

pol yneri zation as in Exanple 12. The properties of the r
pol ymer and graft copol ynmer are also shown in Table 2A

pol ynmeri zati on was perforned in the sane manner as in EX
t he amounts of the 4-isopropenyl bi phenyl, 1, 3-butadi ene

were changed to 7.0, 64.0 and 0 w. paLigin respectivel

EREPRACEENEBHEETO]
anpl e 1 exc @t tha

b ingltecti. 2 DM
f——‘l—ﬂ——\-ﬁ-———-nal +t=—

styrene was used anew, and the anobunt of potassium ol eat
before the commencenent of pol ynerization was changed to
The properties of the resultant rubber polyner

e aqueous solutlon
2.90 wt. parts.

amount up to 5 wt. % of the total monomer amount so as

to adjust the gel'content of the resulting

polymer. The chain transfer agent may for

rubber

example be a

known- one ordinarily used in emulsion polymerization,

such as octyl mercaptan, dodecyl mercaptan

mercaptan.

or lauryl

The rubber polymer latex may ordinarily be

prepared to have an average particle size in the range

of 50 - 800 nm.

Too small an average particle size of the

rubber polymer latex results in a small impact

resistance-imparting effect, and reversely

too large an

average particle size leads to a lowering in

transparency and surface gloss of a molded

product from

the resulting thermoplastic resin composition. Thus,

they are not preferred either.

The.averége particle size of the rubber

_ polymer latex may be appropriately adjusted into a

desired range by controlling the kinds and

amounts of

the emulsifier and initiator used in emulsion

polymerization and the polymerization temperature.

Alternatively, it is also possible to prepare a rubber

polymer latex having an average particle size of 30 -~

200 nm first and then adding thereto a coagulant to

' cause agglomeration, thereby providing a desired

average particle size. The coagulant may appropriately

be an ordinarily used electrolyte including, for



and graft copol yner are shown in Table 2A. Exanple 15 EnuI5|on

pol yneri zati on was perforned in the same manner as in
the amounts of the 4-isopropenyl bi phenyl, 1, 3-butadi eng

wer e changed
3-i sopropenyl -

aqueous sol ution before the comencenent of pol yneri zat+or—res -G
2.90 wt. parts. The properties of the resultant rubber polyner and graft

to 6.5, 62.0 and 0 wt. part(s), respectivg
bi phenyl was used anew, _apd t he anount

copol ymer are shown in Table 2A

example, inorganic acids, such as hydrochloric acid and
sulfuric acid; organic acids, such as acetic acid,
malic acid and maleic acid; and salts, such as sodium

chloride,.calcium chloride and magnesium chloride. -

Grafting component

The vinyl monomer graft-polymerized onto the
rubber polymer in the present invention may suitably be
one proViaing polymerized units which have a good
compatibility with a thermoplastic resin to which the
graft copolymer_is added so as to eésily and uniformly
disperse the rubber polymer within the thermoplastic
resin and provide a-sufficient bonding between the
thermoplastic resin phase and the rubber po;ymer phase.

The grafting monomer component may for example
be selected from the following group of monomers so
that the graft cépolymer according to the present -
invention may be applicable to not only a single
particular thermoplastic resin but also various
thermoplastic resins having different refractive
indexes.

Thus, the monomer group may include: aromatic
vinyl compounds, such as styrene and NrméfhyIStyrene,
vinyl cyanides, such as acrylonitrile and .
methacrylonitrile; acrylic acid, methacrylic acid;
alkyl acrylates, such as methyl acrylate, ethyl
acrylate and butyl acrylate; alkyl methacrylates, such
as methyl methacrylate, ethyl_methacr&late and butyl




- 31- Conparative Exanple 1 A stainless steel autoclave was charged with the
foll ow ng conposition of nononers and pol ynerization a ine
instead of the 4- isopropenyl bi phenyl used in Exanple quﬁIQ§%%ﬁ€@Q3§5¥

enul si on polynerization at 80 [err]C. 1, 3-Butadiene
56.50 wt.part(s) .Styrene. -11- hjﬁ%ﬁLj; 9¥ﬂ%§§_,

0.262 (purity 57.2 %

methacrylate; maleimide ménomérs, such ‘as maleimide and
N—phenyl-maleimide;.maleiciacid; maleic anhydride and
their derivatives; and aromatic polycyclic vinyl
monomers represented by the above-mentioned formulae
(I) and (II). A£ least one species of the monomers may
be used singly or in mixture. These aromatic
- polycyclic vinyl monomers are also effective as a
grafting component to provide a graft copolymer having
a high refractive index owing to the grafting
component. Particuiafly, 3-isopropenylbiphenyl may be
preferably used. Another copolymeriiable monomer may
include a polyfunctional monomer identical to those
used in the rubber polymer.
Graft copolymerization

The graft copolymer accordiné to the present
invention may be proéuced by graft-polymerizing 10 -~ 95
wt. parts of a vinyl monomer (or mixture) in the
presence of 5 - 90 wt. parts (giving a total of 100

| weights parts with the vinyl monomer {(mixture)) of a
rubber.polymer'comprising_40 - 99 wt. % of'butadiene
and 1 - 60 wt. % of an aromatic polycyclic vinyi
monomer.

More specifically, the vinyl monomer (mixture)
méy be graft-polymerized 'in the presence of a rubber
polymer latex in an amount of 10 - 95 wt. parts,
preferably 15 - 50 wt. parts, more preferably 20 - 40

wt. parts, with respect to 5 - 90 wt. parts, preferably



Di i sopropyl benzene hydroper oxi de 0 150 (purity 50 % Sodlum

pyrophosphat e ' 0. 125 Di sodi um et hyl enedi it
0.00375 " Ferrous sulfate 0. 00225 PBEBS&GHWENT@&EET
aqueous sol ution 0.84 (15.5 % Deionized water

After 4 hours fromthe conmencenent of pglynerization, Batwtz 5)8?1“!\’5.1 ......

pot assi um ol eate aqueous solution (15.5 % was added.
5 hours fromthe comrencenent of polynerization,

50 - 85 wt. parts, more prefefably 60 - 80 wt. parts,
of the rubber polymer. As the graft polymerization is
performed at a conversion of substantially 100 %, the
resultant graft copolymer is provided with
substantially the‘same composition as described above.
If the rubber'polymer content is below 5 wt.
parts, the graft copelymer lacks in flexibility and
rubbery property, thus feiling te show an excellent
impact resistance. On the other hand, if the rubber
polymer content exceeds %0 wt. parts, the graft
cepolymer is caused to have_a low heat resistance and
is liable to be in a lump form so that it becomes
difficult to uniformly blend the graft copolymer with
various thermoplastic resins. _
It is particularly preferred that the rubber
polymer content is 50 - 85 wtf parts when the graft
copolymer is used as an impact resistance-improver to
~ be blended with another thermoplaetic resin.
. On the other hand, in order to obtain a graft
- copolymer which is used as a thermoplastic resin by'
itself, it is Preferred to graft-polymerize 50 - 95 wt.
parts, particularly 60 - 90lwt. parts, of the wvinyl’
monomer (mixture) onto 5 -~ 50 wt. parts, partigularly
10 - 40 wt. parts, of the rubber polymer. |
The vinyl monomer (mixture) to be graft-
polymerized onto the rubber polymer may be added into

the reaction system at one time, separately in several



1.0 wt. parts of t-butyl hydroperoxide aqueous solution (5 % and 1.0 w.
parts of sodi um fornmal dehyde sul foxyl ate agqueous solution (5 % .were

Fntermittent|ly post-added. The. pol ynerization conversion
hours fromthe commencenent of polynerization was al nost
resul tant but adi ene-styrene copol yner Lq%qx was cool ed t
then subjected to two- stages of graft pdlynerization by

times or continuously for polymerization.

where the vinyl monomer (mixture) is added

alter 8§ =

SZ
TP IACEMRNT SEeT |

| 60 (215 1N 100G

q...t.h-e..s.anfe ......

In the case

in plural

stages for the graft poljmerization, the moncmer

compositions in the respective stages may be the- same

or different.

It is possible to add a polyfunctional

monomer, if desired, to the vinyl monomer (mixture) as

" mentioned above. The amount may preférably be at most

3 wt. % of the vinyl monomer mixture. Above 3 wt. %,

the impact resistance is lowered.

The graft copolymer according to the present

invention comprises the above-mentioned rubber polymer

as a trunk polymer and a tandom (cb)polymer of the

vinyl monomer (mixture) grafted as side brancheé onto .

the rubber polymer so as to provide a graft ratio (as

defined hereinafter) of 5 - 55 &, preferably'10 - 45 s.

A graft ratio of below 5 % results in a lower

compatibility with a thermoplastic resin and a lower

. impact resistance;imparting-effecﬁ. On the other hand,

it is difficult to obtain a graft copolymef having a

graft ratio exceeding 55 % and is thus un-economical.

[Utility]

According to the present invention, it is

possiblg to obtain a novel graft copolymer comprising

as the trunk polyme:'a'rubber polymer having 'a large

refractive index and also a low glass transition

temperature. Such a novel graft copolymer is useful as




conpositions of nonomers and pol ynerization aids as used .i.n_Exanple 1. The
properties of the resultant rubber polymer and graft cop

shown in Table 2A. Conparative Exanples 2 - 4 Enulsion p I$g§Ff§%@F§i§%=
started at 60 [err]Cin the same manner as in Exanple 1
amount of 1, 3-butadi ene and styrene was_{£ anged to 57.75
parts (Conparative Exanple 2), 45.0 and .0 wt. parts (Conparative Exanple
3) and 37.5 and 37.5 wt. parts (Cbnparatlve Exanple 4), respectively. After
3 hours fromthe commencenent of

a polymer to be blended with a various thermoplastic

resin for imparting an impact resistance without
impairing the transparency; The graft copolymer may be
particularly advantageously blended with a
thermoplastic resin rich in transparency, such as a
vinyl chloride resin inclusive of polyvinyl chloride
and chlorinated polyvinylchloride, polystyrene,
styrene-acrylonitrile copolymer, (\-methylstyrene-
acrylonitrile copolymer, styrene-acryionitrile-methyl
methacrylate copolymer, styfene-methyl methacrylate
copolyme:, polyester such as polyethylene
terephthalate,yor polycarbonate.

In order to provide a thermoplastic resin
composition with a good tranéparency, the thermoplastic
resin may preferably have a refractive index wﬁich is
equal to or differs by at most +0.005 from that of the
graft copolymer. |

In this case, the graft copolymer according to
the present invention may preferably be used in an
amounﬁ of 2 - 59 wt. pérts with 50 - 98 wt. parts
(giving a total of 100 wt. pérts with the graft
copolymer) of a ‘thermoplastic resin.

On the other hand, the graft copolymer
according to the present invention may be used for
various purposes as a thermoplastic resin excdellent in
transparency as well as in impact resistance by

controlling the rubber polymer content therein.



polynetization, 3.8 wt. parts of potassium ol eate agueous Lon (15.5 %

was post-added. From 4 hours after the commencenent of pol
wt. part of t-butyl hydroperoxide aqueous solution (5 %
of sodi um fornmal dehyde sul f oxyl ate aqueous solution (5 % ,g 2 qmv 1998

intermttently. The pol ynerization conuegsi on after 7 hou rﬁm ---------------

commencenent of polynerization was al nost 100 % Each of the three types 0
rubber pol yner - 33-

N HEELACCEN sfieer

[Examples]

Hereinbelow, the present invention will be
explained based on Examples and Comparative Examples.

- The physical properties described were

measured in the following manner.
Refractive index (np)
1) Rubber polymer

A cast film is prepared from a rubber polymer
latex, purified by dipping in methyl alcohol and dried

- under vacuum for 24 hours at room temperature to form a

sample f£ilm (of about 200 microns in thickness), the
refractive index of which is.measured at 23 °C by using
an Abbe's refractometer.
2) Graft copolymer

A graft copolymer resin is hot-pressed at 200
O¢c to form.a film (of about 50 microns in thickness),
the refractive index of which is measﬁred at 23 °cC by

_ using an Abbe's refractometer.

Giass transitibn temperature .(Tg)

An about 200 micron-thick hot-pressed film of
a graft copolymer was subjected to a viscoelasticity
test using a tester ("Rheovibron DDV-II-EA", mfd. by
O;iehtec K.K.)_at a frequency of 110 Hz and a
temperature-raising rate of 2 °C/min to measure
temperatures giving'maximum peaks appearing in a loss
modulus-temperature curve, of which temperatures the

lowest one is regarded as the glass transition




| at exes was subjected to two stages of graft polynerizatigon in the sane

=]

manner as in Exanple 1. The properties of the resultant r
gr?ft cppolyner? are al so shown in Table 2A. Conparative %%%%ﬁégggﬁﬁéﬁgﬁan
pol ynmeri zation for preparing a graft copolynmer was perfo |
manner as in Exanple 10 except that theygoount of 3Pbuta ﬁﬁge"ggébﬂng%!%"
to 49.4 wt. parts and the 1, 3-isopropenyl.- bi phenyl was replaced by 15.6
wt. parts of styrene. The properties of the resultant rubber polyner and
graft copolyner are al so shown in Table 2A. .

temperature of the rubber polymer in the graft

copolymer.

Average particle size in latex

The average_particle size of a rubber polymer
or graft copolymer in a latex form is measﬁred by using
a submicron pa:ticle size analyzer ("Coulter Counter
N4", mfd. by Coulter Electronics Co.).

Graft ratio and Graft efficiency

"Graft ratio" is defined as a ratio of the.
amount of a grafting component actually grafted onto a
rubber polymer to the amount of the rubber polymer.

"Graft efficiency" is a ratio of the amount of
é-grafting comﬁbnent actually grafted onto a rubber
polymer to the amount of a grafting monomer (mixture)
used in the graft polymerization.

A sample g;aft copolymer is washed with methyl
alcohol and dried under vacuum for 24 hours at room
temperature, followed by addition of methyl ethyl
ketone and 3 hours of stirring at 70 Oc. Then, the
mixture is cooled to 4 °C and then subjected to
centrifugation for 1.5 hours under a centrifugal force
of 49,000 G to be separated into a methyl ethyl ketone-
soluble fraction and a methyl ethyl ketone-insqQluble
fraction, followed by drying.

Then, the methyl ethyl ketone-insoluble

fraction is weighed.

In this way, the methyl ethyl ketone-insoluble




Further, the conpositions of the graft copolyners prepared:Ln_ihﬁ,ahove

respectively mxed with polyvinyl chloride_to obtain pol &
resin conpositions, and the properties ( arpy inpact strengths and
transparencies) of the resultant conpositions were neasured in the
above-descri bed manner. The results are shown in Table 2B, (Eval uation)

fraction weight, the rubber polymer weight and the
grafting monomer weight are obtained. From these
results,; the graft ratio and the graft efficiency are
calculated based on the following equations.

Graft ratio (%) = [(methyl ethyl ketone-
insoluble fraction weight - rubber polymer
weight)/(rubber polymer weight)] x 100.

Graft efficiency (%) = f(methyl ethyl ketone-
insoluble fraction weight - rubber polymer
weight)/(grafting monomef weight)] x 100.

Herein, the amount of the monomers used for
the rubber polymer polymerization is used'as the .rubber
polyme; weight since the polymerization conversion is
substantially 100 %. Further, the polymerization
conversion of the monomer for the graft polymerization
is also substantially 100 %. (Thus, [graft copolymer

~weight] & [rubber polymer weight] + [grafting monoﬁer
weightl]). A difference between 100 % and the graft
efficiency corfespéqu to the methyl ethyl ketone-
soluble polymer fraction (i.e., the non-grafted polymer

fraction).

Properties of polyvinyl chloride resin composition

1. Transparency .
A sample graft copolymer is blended with other

ingredients according to a prescription shown below,

and the blend is kneaded for 3 min. on rollers heated

at a surface temperature of 180 ©C and, after 3 min of



The refractive i ndexes and gl.ass transition -34- tenperatures of rubber
pol ynmers obtai ned by copol yneri zi ng 4-isopropeny|bipheny|'UT~§?EF€ﬁe=WFth==r
1, 3-but adi ene are shown at Exanples 1 - 5 and Cbnparativj'@%&#ﬁ EXENT SHEET
Table 2A. In view of these data in conparison, it is clegr _that2th F@g
pol ymers obtai ned by using 4-isopropenyfgLphenyl as a coan6WEf (Exanp 1

- 5) provided | ower glass transition tenperatures than those of
but adi ene- st yrene

preheating in a hot press havihg a hot plate
temperature of 200 °C, hot-pressed for 2 min under a
load of 150 kg/cm? to be molded into a 3 mm-thick
plate. From the plate, a test piece measuring 50 mm-
long and 50 mm-wide is cut out and subjected to
measurement of a parallel light transmittance and a
haze value according to JIS K7105 (1981).
(Prescription)
Polyvinyl chloride resin 100 wt.part(s)
(average degree of polymerization = 700)
Octyltin-type stabilizer 2.0 "
Higher alcohol lubricant 0.8 "
Higher fatt& acid ester lubricant 0.2 "
Polymer processing aid ' 1.0” "
Graft copolymer 10 "
2. Charpy impact strength

A 3 mm-thick plate is prepared in the same
manner described above for measurement of transparency.
In this case, however, in addition to a composition
containing 10 wt. parts of a graft copolymer as
described above, a composition containing 12. wt. parts
of a graft copolymer is prepared in some cases.

From these plate products, V-notched test
pieces (No. 5 test specimen according to JIS K7111
(1984)) are cut out. '

The measurement is performed at 23 ©C and 10

°C according to JIS X7111 (1984).



I ndex levels. It is also clear that the rubber polyners c
copol ynmers of 3-isopropenyl bi phenyl (Exanples 9 and 10),
2-i sopropenyl napht hal ene (Exanpl e 11), 4-vinyl bi phenyl (
vi nyl napht hal ene (Exanple 13), respectiy*ﬁyy with 1,3- bu
provi ded | ower glass transition tenperatures than those of
but adi ene-styrene copol yner rubbers at conparable refractive index |evels.
In view of Exanples 5 and 6 using an identical rubber polyner conprising a

1, 3-but adi ene/ 4- i sopr apeNWeEyliteNd r& opsdyEdEn tt &3 APPREA BRdry t OBagpRf t
impact stréngth values as well as a ductile breakage .
percent given in parentheses as shown in Table 2B
hereinafter which is a proportion of broken test piece
samples cauéing a ductile bréakage that the test piece
is not broken into completely separate two fragments
but such two fragments.are kept connected while the
broken part is stretched.

Example 1 _
A stainless steel-made autoclave equipped with
a stirrer was charged with the following composition of
materials, followed by nitrogen aeration; gas-
evacuation andkheatiﬁé to 80 ©c.
4-Isopropenylbiphenyl 9.75 ﬁt.part(s)
{crystal, purity199.5 %)
Divinylbenzene 0.262 .
(purity 57.2 %) |
Diisopropylbenzene hydroperoxide 0.150 "
(purity 50 %)
Sodium pjrophosphate 0.125 "

Disodium ethylenediamine-

tetraacetate 1 0.00375 "
Ferrous sulfate 0.00225- *
Potassium oleate aqueous solution 2.58 "

(15.5 %) '. 0
Deionized water | 200 "

After the temperature within the autoclave



bopolyner obt ai ned by usi ng 3-isopropenyl bi phenyl as a grafting conponent
(Exanpl e 6) provided a higher refractive index and unexpget
glass transition tenperature of the rubber polyner portipREFRACEMENTOSHERT

-35- In this way, if the nonomer represenjed by the fornullatel.).

copol yner obtai ned wi thout using such an aromatic pol ycyglic vi2§ W;@r
A b o 8 b

used in both the rubber conponent and grafting conponent

reached 80°C, 65.25 wt. parts. of 1,3-butadiene was
added to dissolve the 4-isopropenylbiphenyl crystal
within the autoclave with the butadiene. Thereafter,
0.6 wt. part of sodium formaldehyde sulfoxylate agueous
solution (5 %) was added to initiate emulsion
polymerization. After 4 hours f£rom the commencement of
polyme?ization, 2.5 wt. parts of potassium oleate
agqueous solution was post-added. During a period after
further 1 hour (after 5 hours from the commencement of
polymerization), 7.5 wt. parts of t-butyl hydroperoxide
aqueous solution (5 %) and 7.5 wt. parts of sodium
formaldehyde éulfoxylate_aqueous solution (5 %) were
intermittentiyipost—added. The polymerization
conversion ;fter 11 hours from the commencement of
.polymerization was almost 100 . The resultant rubber
polymer latex showed an average particle size of 160
nm.

The rubber polymer showed a refractive index'
np at 23 °C of 1.5372.

The thus obtained latex was cooled to 60.°C,
and the following monomer mixture and polymerization
aids were added thereto, followed by 3 hours of Qraft
polymerization at 60 ©c. .
Methyl methacrylate 10.5 wt.part(s)
Butyl aérylate | 2.@ "
t-Butyl hYdropefoxide aqueous
solution (5 %) 3.0 "



effectlvely increase the refractive index conpared with the increase in
glass transition tenperature of the rubber polyner. Fg

Exanpl e 10 and Conparative Exanple 5 using grafting c
conposi tion including 3-isopropenyl bi phenyl, it is cle
copol yner obtained by using 3- isopropemylbi phenyl al spDete :t.he--+tbber---
pol ymer (Exanple 10) provided a |lower glass transition ature ol the .
rubber pol yner and al so higher refractive indexes of the rubber polyner and
graft copol yner than the graft copol ynmer obt.ai ned by using styrene instead
t her eof (Conpar at SediBmafgirmaldehyde sulfoxylate

aqueous solution (5 %) : 3.0 wt.part(s)

Then, the following monomer and polymerization
-aids were added to the system, followed by 4 hours of
graft polymerization at 60 ©°c.

Styrene 12.5 wt.part(s)
t-Butyl hydroperoxide agueous

solution (5%) - B 4.0 "
Sodium formaldehyde sulfoleate

aqueous solution (5 %) 4.0 "

The'reéultant graft copolymer latex showed an
average particle size of 170 nm.

Aftervadding an antioxidant emnlsion, the
latex was subjected to acid precipitation .with
hydrochloric acid aqueous éolution, dewatering, washing
with water and drying to obtain a graft copolymer in
powder.fdrm. The rubber polymerlin the graft copolymer -
showed a glass transition temperature of -53 ©C, and
the graft ratio and graft efficiency of the grafting
component in the graft copolymer were 31.1 % and 93.2
%, respectively.

Examples 2 - 5§

Emulsion polymerization was separately.
performed in the same manner as in Example 1 except
‘that the amount of 4-isopropenylbiphenyl was changed to
15.0 wt. parts (Example 2), 18.75 wt. parts (Example
'3), 22.5 wt. parts (Example 4) and 30.0 wt. parts



Exanple 16 A r ubber pol ymer |atex was prepared in the same manner as in
Exanpl e 8 except that the charged anount of potassium . agte-agqueols
sol ution before the comencenent of polynerization was MEPQR@EM@Ngq&

Th

parts.

The polynerization conversion of the mononmers wgs alnni ﬁs
t he average particle size of the rubber %glyner | at ex 4aam$10 i
resul tant rubber polyner |atex was cooT & ¥

to 60 [err] Ctamd=the-tol-lgwu nq

m Xture was added t heret o,

(Example 5), the aﬁount of 1,3-butadiene was changed to
60.0 wt. parts (Exaﬁple 2), 56.25 wt. parts (Example
3), 52.5 wt. parts (Example 4) and 45.0 wt. parts
(Example 5), and the amount of potassium oleate aqueous _
solution before the commencement of polymerization was
changed to 2.90 wt. parts'(Example 2), 3.2 wt. parts
(Examples 3 and 4) and 3.0 wt. parts (Example S5),
respectively.

The proéerties of the resultant rubber
polymeré and graft copolymers are inclusively shown in
Table 2A appearing hereinafter.

Example 6
| A rubber polymer latex was prepared in the
same manner as in Example 5, and the following monomer
mixture and polymerization aids were added thereto,
followed by 5 hours of graft polymerization at 60 ©cC.
Methyl methacrylate - ' 6.25 wt.part(s)
‘3-Isopropylbiphenyl . 6.25 "
t-Butyl hydroperoxide aqueous
solution (5 %) ' 3.0 o
Sodium formaldehyde sulfoxylate
aqueous solution (5 %) : 3.0 "
Then, the following mixture was added_to the

system, followed by 6 hours of graft polymerization at

" 60 °c.

Methyl methacrylate 6.25 wt.part(s)
3-Isopropenylbiphenyl 6.25 "



-36- followed by 6 hours of enulsion polynerization at 60 [err]C Mt hyl
nmet hacryl ate 12.5 wt.part(s) Styrej :
12.5 t-Butyl hydroperoxi de aqueous solution (5 % REPLACEMENT SHEET
4.0 Sodi um formal dehyde sul f oxyl ate aqueous sol ution

5 %
4.0 After 3 hours fromthe corrrrencerremzdyj the graft cﬂa}ere&s;sﬂw)mm
fol | ow ng aqueous sol utions were post-added.

-

t-Butyl hydroperoxide aqueéus
solution (5 %) 3.0 wt.part(s)
Sodium formaldehyde sulfoxylate
agueous solution (5 %) 3.0 "
The properties of ﬁhe resultant rubbef polymer
and graft copolymer are also shown in Table 2A.
Example 7
~ Emulsion polymerization was performed in the
same manner as in Example 1 except that the charged
amounts of 4-isopropenylbiphenyl, 1,3-butadiene,
divinylbenzene and potassium ole#te agueous solution
before éhe commencement of polymerization were changed
to 10.5, 64.5, 0 and 3.13 wt. parts, respectively.
The properties'bf the resultant rubber polymer
and graft copolymer are also shown in Table 2A,
Example 8
| A rubber polymer latex was prepared in the
same manner as in Example 1 except that the charged
amounts of divinylbenzene and potassium oleate agqueous
solution before the commencement of polymerization were
'changed to 0 and 4.84 wt. parts, respectively, and the
. emulsion polymerization time.was changéd to 5 hours.
| The polymerization converéion of the monomers
- was almost 100 %, and the resultant rubber polymer
latex showed an average particle size of 100 'nm.
The latex was cooled to 60 °C, and thereafter

7.2 wt. parts of 1 %$-dialkyl sulfosuccinate agueous



t-Butyl hydroperoxi de aqueous solution (5 % 4.0
wt. part(s) Sodium fornmal dehyde sul f oxyl ate aqueous solpﬁggpggagé
¢ 7 e SHERT

4. OfThe conposi tions and properties of the resultant

graft copolyner are shown in Tables 3 and 4, respecti e.Ly, ang%
K ) & qgv “emutsi
anpl e 16. The resultant r

hereinafter. Exanple 17 A rubber polyneE%iatex was pr
pol ynerization in the same manner as in

pol ymer |atex was cooled to 60 [err]C, and the foll ow ng m xture of
nonomners and

solution and then about 4 wt. parts of 7.5 s-acetic

acid aqueous solution were added thereto for
agglomeration for size-enlargement of rubber particles
in the latex to provide an average particle size of 190
nm.

Thereafter, two staged of graft polymerization
were performed in the same manner as in Example 1.

The properties of the rubber polymer and
resultant graft copolymer are shown in Table 2A.
Example 9

A staihless steel-made autoclave equipped with
a stirrer was éhérged with the following composition of
materials, foliowed by nitrogen aeration, gas-
evacuation ana heating tb 80 ©c.

3-Isopropeny1biphenyl - 10.5 wt.part(s)
{liguid, purity 99.5 %)
Diisopropylbenzene hydroperoxide 0.150 "
(purity 50 %) |
Sodium pyrophosphate - 0.125 "
Disodium ethylenediamine- _
tetraacetate 0.00375 "
Ferrous sulfate 6.00225 "
Potassium oleate agqueous solution 2.58 . "
(15.5 %)

Deionized water 200 | "

After the temperature within the autoclave

reached 80°C, 64.5 wt. parts of 1,3-butadiene was



o

pol ynmerization at 60 [err]C Acrylonitrile -
wt . part(s) -37- Styrene . 7?"\@({356

t - But yl hydr oper oxi de aqueous solution (5 % lD g!plu
f ormal dehyde sul f oxyl ate aqueous sol utigg (5 % —iﬂ?g&ﬁT"DMH -----------

Subsequently, the foll owi ng nonomer m xture

bolynerization ai ds was added thereto, followed by 4.5 hruL&_QI_QLaft
{

added to sufficiently mix fhe:3-isopropenylbipheny1
with the butadiene.. Thereaéter, 0.6 wt. part of sodium
’formaldehyde sulfoxylate agqueous solution (5 #) was.
added to initiate emulsion polymerization. After 2
hours from the commencement. of polymerization, 2.3 wt.
parts of potassium oleate agqueous solution (15.5 %) was
post-added. During a period after 2.25 hours from the
commencement of polymerization, 5.0 wt. parts of t-

~ butyl hydroperoxide adueous solution (5 %) and 5.0 wt.
parts of sodiug formaldehyde sulfoxylate agqueous
solution (5 %) were intermittently post-added. The
polymerization conversion after 5 hours from the
commencement o% polymerization was almost 100 %.

The thus obtained latex was cooled to 60 ©c,
and two stages of graft polymerization Qere performed
in the same manner as in Example 1.

The properties of the resultant rubber bolymer
and graft copolymer are Also éhown in Table 2A.

Example 10
A stainless steel-made autoclave equipped with
a stirrer was charged with the following cohpqsition of
materials, followed by nitrogen aeration, gas-~
evacuation and heating to 80 °c.
3-Isopropeny1biphenyll 11.7 wt.part(s)
(purity 99.5 %)

t-Dodecyl mercaptan | 0.2 "



énd pol ynmeri zation aids were added to the system followed by 6 hours of

second-stage graft polynerization. Acrylonitrile REPLACEMENTSHEET..
5.0 wt.part(s) Styrene (5 % 7.5 NDVS )

t - Butyl hydr oper oxi de aqueous sol ution (5 9 Date ..&.. . ."ﬂﬁﬁyw
f or mal dehyde sul f oxyl ate aqueous solution (5 % .====§=££§hﬂ i

conpositions and properties of the resuFént rubber polyner and graft
copolynmer are also shown in Tables 3 and 4. Exanple 18

Diisbpropylbenzene hydroperéxide 0.150 wt.part(s)
(purity 50 %)
Sodium pyrbphosphate - 0.125 "
Disodium ethylenediamine-
tetraacetate 0.00375 *
Ferrous sulfate 0.00225 "
Potassium oleate agueous solution 0.50 "
(15.5 %)
Deionized wéter : 200 "
After. the temperature within the autoclave
reached_80°C, 53.3 wt. parts of 1,3-butadiene was
added to mix the 3-isopropenylbiphenyl within the
autoclave with the butadiene. Thereafter, 0.6 wt. part
of sodium.formaldehyde sulfoxyléte aqueous solution (5
%) was added to initiate emulsion polymerization. |
After 15 hours from the commencement of polymerization,
2.1 wt. éarts of potassium oleate aqueous solution
(15.5 %) was poét-added. During a. period after 20
hours from the commencement of polymerization, 1.8 wt.
parts of t-butyl hydroperoxide aqueous solution (5 %)
and 1.8 wt. parts of sédium_formaldehyde sulfogylate
.adueous solution (5 %) were intermittently post-added.
~The polymerization conversion after 35 hours from the
commencement of polymérization was almost 100 %.
" The resultant.latex-was cooled to 60 °C, and 'the
foliowing monomer mixture and polymerization aids were

added thereto, followed by_4 hours of graft




A rubber polymer latex was prepared by enul sion polymerization |n the sane
manner as in Exanple 16 except that the anmounts of 4- is t
1, 3- but adi ene and pot assi um ol eat e aqueous sol uti on adde ;QgﬁgceMENTSHEET

pol yneri zati on were changed to 10.4 w. parts, 69.6 w. fparts
parts, respectively. The resultant rubbey, polyner |atex g?gdﬂﬂ% E@Q—

to 60 [err]C, and the follow ng nixture Was added t heret &=

"1

polymerization.
Methyl methacrylate _ 10.5 wt.part(s)
Styrene 5.0 "
3-Isopropenylbiphenyl 2.0 "

t-Butyl hydroperéxide aqueous
solution (5 %) 3.0 "
Sodium formaldehyde sulfoxylate |
aquéous solution (5 %) 3.0 "
. Then, the following monomers and polymerization
" aids were added to the system, followed by 4 ﬁoufs of

a second stage graft polymerization at 60 °C.

Methyl methacrylate 10.5 wt.part{s)
Styrene - 5.0 "

3-Isopropenylbiphenyl . 2.0 "
é-Butyl hydroperoxide aqueous |
solution (5 %) 3.0 "
Sodium fofmaldehyde sﬁlfoxylate
aqueous solutibn (5 %) ' 3.0 "
The properties of the resultant rubber polymer
and graft copolymer are also shown in Table 2A.
Example 11 |
Emulsionlpolymerization was performed in the
same manner as-in Example 1 except. that the 9.75 wt.
parts of 4-isopropenylbiphenyl was replaced by 9.75 wt.
. parts of 2-isopropenylnaphthalene (crystal, purity 99.8
%), the amount of potassium oléate_aqueous solution was

changed to 2.90 wt. parts and the amount of




followed by 7.5 hours of graft polynerization at 60 [err rylonitrile
8.0 wt.part(s) Styrene . ' 1 ﬁEPLR@EMENTSHEET
.hydr oper oxi de aqueous solution (5 % i 0 iﬁggﬁ
f or mal dehyde sul f oxyl ate aqueous solution (5 % |iDm,: ............................. {
hours fromthe comrencenment of the graft, ¢mnyner|zat|onxxkhE—#ﬂkkeﬂbﬂq———-
aqueous sol utions were post-added. t-Butyl hydroperoxide.aqueous sol ution

(5% 4.0 wt. part(s) Sodium formal dehyde
sul f oxyl at e .

T

divinylbenzene was changed to zero.
The properties of the resultant rubber polymer

and graft copolymer are also shown in Table 2.

Example 12

A pressure-resistant glass vessel was charged
with the following monomers and polymeriiation aids and
subjected to 12 hours of emulsion polymerization under
stirring at 60 °cC,

1,3-Butadiene ' : 63.75 wt.part(s)

4-Vinylbiphenyl _ | 11.25 "
(crystal, purity 98 $)

Divinylbénzene | 0.262 "
(purity?57.2 %)

_DiiSopropylbenzene hydroperoxide 0.25 v
(purity 50 %) |

Sodium pyrophosphate _ 0.10 h

Disodium ethylenediamine-

tetraacetate - 0.00375 "
Ferrous sulfate 0.00225 "
Potassium oleate aqueous solution 2.10 "
(15.5 %)
Deionized water ' 200 "

The polymerization conversion to the resultant
rubber polymer was almost 100 %.

To the rubber polymer latex, the foflowing
~monomers and polymeriiation aids were added, followed

by 2.5 hours of graft polymerization at 60 °cC.



équeous solution (5 % 4.0 The conpositiaqns_and properties

of the resultant rubber polyner and graft copolynmer are @l 505 T 1T
TFables 3 and 4. Fromthe results of Exanples 16 - 18 shoy ﬁﬁﬁJQ§%Q%§T§H§ﬁH

4, the characteristics of the graft copol yner according he -

invention that the rubber polymer and ife graft copolyne Bg;p%"p&@'ﬁ%’%t
a high refractive index while retaining a -low glass transition tenperature
of the rubber polyner, explained with reference to Exanples 1 - 15, were
commonly attained with respect to a one-stage graft copol ynmer (Exanple 16),
a two-stage graf Mettyydl ywesthacrylate 10.5 wt.part(s)

Butyl acrylate 2.0 "
t-Butyl hydroperoxide aqueous

solution (5 %) 2.0 "
Sodium formaldehyde sulfoﬁylate

agueous solution (5 %) 2.4 "

Then, the following monomer and polymerization
aids were added to the system, followed by 3 hours of
graft polymerization at 60 °cC.

' Styrene 12.5 wt.part(s)
t-Butyl hydroperoxide aquéous‘
solution (5 %) ' . 3.0 "
Sodium fo}maldehyde sulfoXylafe
aqueous solution (5 %) | : J, 4.0 "

The properties  of the.resultant rubber polymer
and graft copolymer are also shown in Table 2A.

Example 13

A rubber pqumer latex was prepared through 20
hours of emulsion polymerization at 60 ©C in a similar
ﬁanner as in Example 12 with the proviso that the 11.25
wt. parts of 4-vinylbiphenyl was replaced by 11.25 wt.
parts of 2-vinylnaphthalene (crystal, purity 98 %), the

. amount of diisopropylbenzene hydroperoxide was .changed
.to 0.30 wt. part, the amount of potassium oleate
aqueéus-solutidn was changed to 4.50 wt. parts, and the

other polymerization aids were the same as in Example

.12.



REPLACEMENT SHEET -39- containing acrylonitrile in the grafting_conponents
(Exanmpl e 17) and a one-stage graft copol yner containingé'éﬁ | =R
PR e .

L.

the grafting conponent (Exanple 18). Exanple 19 A rubber: poly
prepared by enul sion pol ymerization in the same manner '%%@.IZ’(B‘FINUUM

except that the charged anounts of 3- Lg@propenylbiphen@gl S3ihiradivene:
and potassium ol eate

The resultant rubber bolymer latex was
:subjected to the same two stages of graft
polymerization as in Example iZ.

The properties of the resultant rubber polymer
and graft copolymer are also shown in Table 2A.

Example 14

Emulsion polymerization was performgd in the
same manner as in Example 1 except that the amounts of
the 4-isopropenylbiphenyl,_1,3-butadiene and
divinylbenzene.were changed to 7.0, 64.0 and 0 wt.
part(s), respectively, 4.0 wt. parts of styrene was
used anew, and the amount 6f potassium oleate agueous
solution beﬁor; fhe commencement of polymerization was
changed to 2.90 wt. parts.

Thé,propérties of the resultant .rubber polymer
and graft copolymer are shown in Table 2A.

Example 15

Emulsion polymerization was performed in the
same manner as in ﬁkaﬁple:1'except that the amounts of
the 4-isopropenylbiphenyl, 1,3-butadiene and
divinylbenzene were changed to 6.5, 62.0 and 0 wt.
'part(s), respectively, 6‘5_wt. parts of 3-isopropenyl-
biphepyl was used anew, and the amount of potassium
oleate agueous solution beforé the commencement of
polymerization was Changed to 2.90;wt. partsf

The properties df the resultant rubber polymer

and graft copolymer are shown in Table 2A.



aqueous sol ution added before pol ynerization were changed to 26.25 wt.
parts, 48.75 w. parts and 0.93 w. parts, respectivéfy;'thﬂrgsu """ Tant
rubber polyner |atex showed an average particle si ze:‘_o?"‘*‘ﬁ‘i@'ﬁgm%
pol ymer |atex was cool ed, weighed in 77.5 wt. parts so_as to

parts of the rubber content, and then charged into a;sP&Pntess-steel
aut ocl ave equi pped with a stirrer togetther with-the Hollomﬁng m xt ur e,
foll owed by aeration with nitrogen and heating to 60 [err]C. Deionized
wat er 140 wt . part(s)- Dii sopropyl benzene

hydr oper oxi dgomparat@véd Hxpuiglle/ 0 %)

Y-

A stainless steel autoclave was chaéged with
thg following composition of monomers'and
polymerization aids including styrene instead of the 4-
isoﬁropenylbiphenyl used in Example 1 and subjected to

emulsion polymerization at 80 ©cC.

1,3-Butadiene 56.50 wt.part(s)
Styrene - | 18.50 "o
Divinylbenzene _ 0.262 "

(purity 57.2 %)

Diisopropylbenzene hydréperoxide 0.150 "
(purity 50 %)

Sodium pyrophosphate 0.125 "

Disodium ethylenediamine-

tetraacetate .0.00375 "

" Ferrous sulfate 0.00225 -

Potassium 61eat¢ agqueous solution 0.84 "
(15.5 %) .

Deionized water | 180 "

After 4 hoﬁrs from the comﬁencement of
polymerization, 4.8 wt. parts of potassium oleate
aqueous solution (15.5 %)owaS'added. During a period
‘after 5 hours from the commencement of polymerization,
1.0 wt. parts of t-butyl hydroperoxide aéueous solution
{5 &) and 1.0 wt. parts of sodium formaldehy&e
sulfoxylate agueous solution (5 %) were intermittently

post-added. The. polymerization conversion after 8



éodiun1pyrophosphate 0. 08 Di sodi um et hyl enedi am ne-

tetraacetate 0. 003 Ferrous sul fate====
0.0018 " Potassium ol eate aqueous solution (15.5 % | REPLACEMENT SHEET3
-40- After the tenperature within the autocl ave reach 60 [er]ﬂ‘%v

-}

. parts of acrylonitrile and 57 wt. parts3efl styrene werf Dathte - & en-i.
wt. part of

hours frqm the commencement of polymerization was
almost 100 %..

The resultant butadiene-styréne copolymer
latex was- cooled to 60 ©C and then subjected to two-
stages of graft polymerization by using the same
coﬁpositions of monomers and polymerization aids as
‘used in Example 1. |

The properties of the resultant rubber polymer
and graft copolymer are also shown in Table 2A,
Comparative Examples 2 - 4 o

Emulsion polymerization was started at 60 °C
in the same manner as in Example 1 except that the
amount of 1,3-5ﬁtadiene and styrene was changed to
57.75 and 17.25 wt. parts (Comparative Example 2); 45.0
and 30.0 wt. parts (Coméarative Example 3) and 37.5
and 37.5 wt. parts (Comparative Example 4),
respectively.

‘After 3 hours from the commencement of
polymerization, 3.8 wt. parts of potassium oleate
aqueous solution (15.5 %) was post-added. From 4 hours
‘after the commencement of polymerization, 1.0 wt. part
of t-butyl hydrdperoxide agueous sqlution (5 8) and 1.0
wt. part of sodium formaldehyde sulfoxylafe aqueous
solution (5 %) were added intermittently. The
polymerization conversion after 7 hours from ‘the
commencement of polymerization was almost 100 %.

Each of the three types of rubber polymer



sodi um f or mal dehyde sul f oxyl ate aqueous solution (5 % was.added -to.start ..
graft polynerization. From9 hours after the comenceneftyed; Adi8:NeSHEET
polynerization, the foll ow ng agueous sol uti on was post {added

intermttently. t-Butyl hydroperoxide aqueous solution {559 . 2 5 NoV 1996

4.0 wt.part(s) Sodium formal dehyde sul f Qxyl ate aqueous selutiep-f5-04—
4.0 wt.part(s) An antioxidant enmul sion"®dS added to the latex after 12
hours of the graft polynerization, followed by acid precipitation with

hydrochl oric acid aqueous sol ution, de-watering, washing with water and
drying to latexes was subjected to two stages of graft

polymerization in the same manner as in Example 1.
The properties of the resultant rubber

polymers and graft copolymers are also shown in Table

‘2A.

Comparative Example 5

Emulsion polymerization'for preparing a graft
copolymer was performed in the same manner as in |
Example 10 except that the amount of 3-butadiene was
changed to 49.4.wt. parts and the 1,3-iso§ropenyl-
biphenyl was replaced by 15.6 wt. parts of styrene.

The propertieé of the resultant rubber polymé;
and_gra:t copoaymer'are also shown in Table 2A.

Further, the compositions of the graft
copolymers prepared injthe above Examples and
Comparative Examples are inclusively shown ip ?able 1.

Further, among tﬁe graft copolymers thus
prepared, some graff copolymers having a refractive
index close to that of polyvinylchlo:ide resin were
respectiveiy mixed with polyvinyl chloride to obtain
polyvinyl chloride resin compositions, and fhe
properties (Charpy impact strengths and transparencies)
of the resultant compositions were measured in .the
above-described manner. The results are shown in Table
2B. : _ : .
(Evaluation)

The refractive indexes and glass transition



6btain a powdery graft copolynmer. The thus-prepared powdery graft copol yner
havi ng a rubber content of 20 wt. % was kneaded for 3 n& O TOILErS

having a surface tenperature of 175 [err]C. The resulta R?ﬁlﬁ%ﬁ“%ﬂ%ﬁﬁiﬁﬁs
preheated for 2 nmin. and then nol ded under a |oad of 15 kg/cn{@r&]mhlo]g%
m n. by nmeans of a hot press-having a hgg pl ate tenperature of 200 {er

to be nolded into a 2 mthick plate prdduct. A test piece neasuring 50
mm | ong and 50 nmw de was cut out fromthe plate product and subjected to
measurenent of a parallel light transmttance and a haze val ue

temperatures of rubber polymers obtained by

copolymerizing 4-isopropenylbiphenyl or styrene with
1,3-butadiene are shown at Examples 1 - 5 and
Comparative Examples 1 - 4-in Table 2A. In view of
these . .data in comparisoﬁ, it is clear that the rubber
polymers obtained by using 4-isopropenylbiphenyl as a
comonomer (Examples 1 ~ 5) provided lower glass
transition temperatures than those of butadiene-styrene
copolymer rubbers (Comparative Examples 1 - 4) at
comparable refractive index levels.

It is also clear that the rubber polymers
comprising copolymers of 3- isopropenylbiphenyl
(Examples 9 and 10), 2-isopropenylnaphthalene (Example
11), 4-vinylbiphenyl (Example 12) and 2-
vinylnaphthalene (Example 13), respectively, with 1,3-
butadiene also provided lower glass transition
temperatures than those of bﬁtadiehe-styrene copolfmer
rubbers at comparable refractive index levels.

In view of Examples 5 and 6 using an identical
rubber polymer comprising a 1,3-butadiene/4-
isopropenylbiphenyl copolymer in comparison, the graft
copolymer obtained.by using 3-isopropenylbiphenyl as a
grafting component (Example 6) provided a higher
refractive index and unexpectedly a lower glass
transition temperatﬁre of the rubber polymer\portion
than the graft copolymer obtained without using such an

aromatic polycyclic vinyl monomer.



-41- simlarly as in the case of a polyvinyl chloride resin conposition.
Further, a No. 5 test specinen (wth a V- notch) accordi pg=te=31-SHcFEt——r
(+1984) was cut out fromthe 2 mmthick plate product and[sﬂﬁ? rﬁﬁ?%ﬁi{
Charpy inpact test at 23 [err}C. Further, a No. 1 E.D tegt speci

(without a V-notch) was simlarly cut égg: and subj ected t:oh@e Char.py..l.npact
test at 0 [err]C. Conparative  Exanpl e A rubber pol yner < XS~ pPrepare
in the sanme manner ~as in Conparative Exanple 1 except that the

In this way, if the mohomer represented by the
formula (I) or (II) is used in both the rubber |
coﬁponent and grafting component, i; is possible to
effectively increase the refractive index compared
with the_increase.in glass transition temperature of
the rubber polymer. |

..FPurther, in view of Example'10 and Comparative
Exaﬁple 5 using grafting components of the same
composition including 3-isopropenylbiphenyl, it is
clear that the graft copolymer obtained by using 3-
isopropenylbiphenyl also in the rubber polymer (Example
10) provided a lower glass transition-temperature of
the rubber pol;mer and also higher refractive indexes
.of the rubber polymer and graft copolymer than the
graft copolymer obtained by using styrene ipstead

thereof (Comparative Example 5).

Example 16
A-rubber polymer latex was prepared in the

same manner aslin Example 8 except that the charged
amount of potassium oleate aqueous solution before the
commencement of polymerizatioh was changed to 4.0 wt.
parts. '

| The polymerization conversion of the monomers
was almost 100 %, and the average particle size of the

rubber polymer latex was 110 nm. '

The resultant rubber. polymer latex was cooled

to 60 ©°Cc, and the following mixture was added thereto,



charged amounts of 1, 3-butadi ene, styrene, divinylbenzeng,..dei-onized water
and pot assi um ol eate aqueous sol uti on added before polynﬁrﬁgﬁggggmgﬁTgﬁEET
changed to 33.75 w. parts, 41.25 w. parts, 0 w. part, 1200 wt_ parts, and
0.81 wt. part, respectively. The resultant rubber polyner ¢@@é&§§ﬁﬂ“ﬁﬂ§inn
average particle size of 200 nm The resytant rubber pok =
cool ed, weighed irn 77.5 wt. parts so as to provide 20 w. parts of the
rubber content and then subjected to graft copolynerization in the sane
manner as in Exanple 19 to provide a graft copolyner |atex containing 20

w. parts of iEbaloweldebyc@tirs W dnilsd o pdYwrdrikdttidmeat 60
Oc. "

Methyl methacrylate ' 12.5 wt.part(s)
Styrene 12.5 "
t-Butyl hydropefoxiée agueous

solution (5 %) S 4.0 "
Sodium formaldehyde sulfoxylate

aqueous solution (5 %) 4.0 "

After 3 hours from thg commencement of the
graft polymerization, the following aqueous solutions
were post-added.

t-Butyl hydroperoxide aqueous

solution 25 $) . : 4.0 wt.part(s)
Sodium formaldehyde sulfoxylate .

agueous solution.(s %) . 4.0 "

The compositions and properties of the
resultant rubber polymer and graft copdlymer are shown
in Tables 3 and 4, respectively, appearing hereinafter.
Example 17

A rubber polymer latex was prepared by
emulsion polymerization in the same manner as in

" Example 16.

The resultant rubber polymer latex was cooled
to 60 °C,'and the following mixture of monomers and
polymerization aids was added thereto, followed by 4.5
hours of graft polymerization at 60 ©cC.

Acrylonitrile 5.0 wt.part(s)



same manner as in Exanple 19 to obtain a pomdery'graft copol ynmer. The

conpositions of the rubber polynmers and -42- graft cop

i-n Exanpl e 19 and Conparative Exanple 6 are shown in Tab

properties thereof and of nolded sanples fromthe graft c

QE&EEE&:ﬁtepated===
; P PLRAMEMENT SHEET

pol'y
shown in Table 4. (Evaluation) Fromthegzganparison of Exa’rp’rr&a ”?213{0?1996

Styrene . 7

t-Butylhydroperoxide aquéous

.5 wt.part(s)

solution (5 %) 3.0 "
Sodium formaldehyde sulfoxylate
aqueous solution (5 %) 3.0 "
Subsequently, the following ﬁonomer ﬁixture
and polymerization aids were added to the system,

followed by 6 hours of second-stage graft

polymerization.
Acrylonitrile 5.0 wt.part(s)
Styrene 7.5 "

t-Butylhdeoperoxide agueous

solution (5 %) | . 3.0 "
Sodium formaldéﬁyde sulfoxylate

agqueous solution (5 %) : 3.0 "

The compositions and properties of the

- resultant rubber polymer and graft copolymer are also
sﬁown in Tables 3 and. 4.
Example 18 :

‘A rubber polymer latex was prépared by
emulsion.pblymeriiation in the same manner as in
Example 16 except that the amounts of 4-_:
isopropenylbiphenyl, 1,3-butadiene and potassium oleate
agqueous solution a§ded before polymerization were
changed to 10.4 wt. parts,-69.6'wt. parts and 4.3 wt.

. parts, respectively.

The resultant rubber polymer latex was cooled



éonparison Example 6, it is clear that the rubber polyner contalnlng

3-isopropenyl bi phenyl according to the present inventiony

showed a remarkably |l ower glass transition tenperature taﬁﬁﬂﬂmgﬂﬂﬁﬂiﬁﬁﬁﬁi

styrene copol yner (Conparative Exanple. 6) at an identica

|l evel . Further, the graft copol yner obggined in Cbnparat Ve tExX

0L

very brittle at a |l ow tenperature, whereas the graft cop&Fymer

obtarmed T

Exanpl e 19 showed an excell ent inpact resistance even at a | ow t enperature.
Exanpl e 20 A stainl ess steel-mde autoclave.equipped with a stirrer was
charged wit hté he0f9t| oahdgthenfodilbiwangohixture was added thereto,

followed by 7.5 hours of graft polymerization at 60 °cC.
Acrylonitrile 8.0 wt.part(s)
Styrene -12.0 "
t-Butyl hydroperoxide aqueous
solution (5 %) 3.0 "
Sodium formaldehyde sulfoxylate |
aqueous solution (5 %) 3.0 "

After 3 hours from the commencement of the
" graft polymerization, the following aqueous solutions
were post-added. | '

t-Butyl hydroperoxide. agqueous

solution ES %) . 4.0 wt.part(s)
Sodium formaldehyde sulfoxylate .

aqueous solution (5 %) 4.0 "

The compositions and properties qf the
resﬁltant rubber polymer and graft copolymer are also
shown in Tables 3 and 4.

From the results of Examples 16 - 18 shown in
Tables 3 and 4, the characteristics of the graft
copolymer accofding to the present invention that the
rubber polymer ahd the graft copélymef are provided
with a high refractive index while retaining a .low

glass transition.temperature of the rubber polymer,
| explained with reference to'Examples 1 ; 15, were
commonly attained with respect to a one-stage graft
copolymer (Example 16), a two-stage graft copolymer

A



starting materials, followed by closing, nitrogen- aeration and evacuati on.

3- 1 sopropenyl bi phenyl 28.0 wt.part(s) t-Dadecyl nercaptan
0.14 Diisopropyl benzene hydr oper oxi de 0.21 (50 % 9p
0.125 " -43- Disodi um et hyl enedi am ne- tetraacetate ﬂ%ﬂﬂh&ﬁ&ﬁﬂ?@ﬁﬁ@?

0. 00375 wt. part(s)

_.39_ Date : 2 5 NGV 19%

_containing acrylonitrile.in thé grafting components
{Example 17) and a one-stége graft copolymer containing
acrylonitrile in the grafting component (Example 16).
Example 19

A rubber polymer latex was prepared by
emulsign polymerizétion in the same manner as in
Example 9 except that the charged amounts of 3-
isopropenylbiphenyl, 1,3-butadiene and potassium oleate
aqueous solution added before polymerization were
changéd to 26.25 wt. parts, 48.75 wt. éarts and 0.93
wt. parts, respectively. The resultant rubber polymer
latex showed an average particle size of 210 nm.

The rubber polymer latex was cooled, weighed
in 77.5 wt. parts so as:to provide 20 wt. parts of the
rubber content, and then charged into a stainleés
steel-made autoclave equipped with a étirrer together
with thé following mixture, followed by aeration with
nitrogen and heating to 60 °c. |

Deionized water 140 wt.part(s)

Diisopropylbenzene hydroperoxide 0.15 "
(purity 50 %) |

Sodium py:ophosphaﬁe 0.08 "

Disodium ethylenediamine- '
-tetraacetafe. ' 0.003 *

Ferrous sulfate _ | 0.0018 "

Potassium oleate agqueous

solution (15.5 %) 3.2 "




Ferrous sulfate 0. 00225 Sodi um f or mal def
0. 03 Sodi um dodecyl - di phenyl - et her- di sul fonate aqueous sofl REFCACEMENTISHEET
(50 % De-ionized water 200 Then, 42.0 g{i N@%

1, 3- but adi ene was supplied, and the autoclave was externallymhe d Eﬁﬁ""
[err]C to start enul sion polynerizationggfrom 3 hours after—He

commencenent of polynerization, 1.2 w. parts of t-butyl hydroperoxide
aqueous solution (5 9% and 1.2 w. parts of sodium fornal dehyde sul foxyl ate
aqueous solution (5 % were

After the temperature within the autoclave

reached 60 ©C, 23 wt. parts of acrylonitrile and 57 wt.
parts of styrene were added, and then 0.6 wt. part of
sodium formaldehyde sulfoxylate aqueous solution (5 %)
was added to start graft.polymerization. From 9 hours
after the commencement of the graft polymerization, the
following aqueous solution was post-added
intermittently. .
t-Butyl hydroperoxide agqueous
- solution (5 %) 4.0 wt.part(s)
Sodium formaldehyde sulfoxylate _
aqueous solution (5 %) . 4.0 wt.part(s)
An aekioxidant emulsion was added to the latex
after 12 hours of. the graét polymerization, followed by
acid precipitation with hydrochloric acid aqueous
solution, de-watering, washing with water and drying to
obtain a- powdery graft. copolymer.
The thus-prepared pdwdery graft copolymer
"having a fubber content of 20 wt. % was kneaded for 3
min. on rollers having a surface temperature of .175 °cC.
The resultant milled sheet was preﬁeated for 2 min. and
then molded under a load of iSQ kg/cmz'for 1 min. by
means of a'hot"pfess-having a hot plate temperature of
200 °C to be molded into a 2 mm-thick plate product. A
. test piece measuring 50 mm-long and 50 mm-wide was cut
out from the plate product and subjected to measurement

of a parallel light transmittance and a haze value



post-added intermttently in 15 hours. Further, at 7 hours after the
commencenent of polynerization, 1.0 w. part of sodium "
SPLAREMENT SHEET

dodecyl - di phenyl - et her - di sul fonat e aqueous solution (50 % .

to retain the stability of enulsion polynmer particles mnthl tgggsuyag ﬁﬁﬁ
After 18 hours of reaction, the pressure thin the autocl ave¥fds™t-onerde..... !
to the atnospheric pressure by venting, ﬁﬁ% then the latex within the d
aut ocl ave was cooled to 60 [err]C. The resultant rubber polyner showed an

average particle size of 200 nmin its latex formand showed a
similarly as in the case of a polyvinyl chloride resin

composition.

Further, a No. 5 test specimen (with a V-
notch) according to JIS K-7111 (1984) was cut out from
the 2 mm-thick plate product and subjected to a Charpy
impact test at 23 °C. Further, a ﬁo. 1 E.D test
specimen (without a V-notch) was similarly cut out and
subjected to a Charpy impact test at 0 ©c.

Comparative Example 6

| ' A rubber polymer latex was prepared in the
same manner as in Cbmparative Example 1 except that the
charged amounts of 1,3-butadiene, styrene,.
divinylbenzene: deionized water and potassium oleate-
aqueous solution added before polymerization were
changed to 33.75 wt. parts, 41.25 wt. parts, 0 wt.
part,.zoo wt. parts, and 0.81 wt. part, respectively.
The resultant rubber polYmer latex showed an average
particle size of 200 nm.

The résultant rubber polymer latex was cooled,
weighed in 77.5 wt. parts so as to provide 20 wt. parts
of the rubber content and then subjected to graft
copolymerization in the same manner as in Exgmple 19 to
provide a graft copolymer latex containing 20 wt..parts
of the rubber content. The latex was treated in the
same manner as in Example 19 to obtain a powdery graft
copolymer. |

The compositions of the rubber polymers and



-44- refractive index nD at 23 [err]C of 1.568. To the rT
obt ai ned, the follow ng mononers and pol yneri zation aids MBEELREEWH§¢?9HEET
effect 2.5 hours of graft polynerlzatlon at 60 [err]C Styrene

11.25 wt.part(s) Acrylonitrile 3. 752 1.2 BNV 1996

hydr oper oxi de aqueous solution (5 % -42- L= Sothtm— |
f or mal dehyde sul f oxyl ate aqueous solution (5 % : 1.0

graft copolymers prepared in Exémple 19 and Comparative
Example 6 are shown in Table 3, and the properties

thereof and of molded samples from the graft copolymers

are shown in Table 4.
(Evaluation)

From the comparison of Example 19 and
Comparison Example 6, it is clear ﬁhat the rubber
polymer containing 3-isopropenylbiphenyl aécording'to
the present invention (Exampie 19) showed a remarkably
lower glass transition temperature than the Eutadiene—
styrene copolymer (Comparative Example 6) at an
identical refractive index level. Further, the graft
copolymer obtained in Comparative Example 6 was very
brittle at a low temperature, whereas the graft
copolymer obtained in Example 19 showed an excellent
impact resistance even at a low temperature.

Example 20

A stainless steel-made autoclave equipped with
a stirrer was charged with the following composition of
starting materials, followed by-closing, nitrogen-

aeration and evacuation.

3-Isopropenylbiphenyl 28.0 wt.part(s)
t-Dodecyl mercaptan | 0.14 , " |
Diisopropylbenzene hydropefoxide 0.2¢ "

(50 %) | ' '

Sodium pyrophosphate ' 0.125 "



fncidentally, the t-butyl hydroperoxi de aqueous sol ution and sodi um

f ormal dehyde sul foxyl at e aqueous sol ution were added |ntepnlLLgntIy in5
times at an interval of 30 min. Then, the follow ng nnnonEns

pol ynmeri zati on aids were added to effect 6 hours of second sfﬁ%&%ﬁ%ﬂﬁ3HEET

pol ymeri zation at 60 [err]C. Styrene _43-
wt.part(s) Acrylonitrile 3.50
nmet hacryl ate , 0. 25 -t-Butyl hydroperoxide aqueous
solution (5 % 1.0 Sodlunlfornaldehyde sul f oxyl at e
Disodium ethylenediamine-
tetraacetate : 0.00375 wt.part(s)
_ Ferrous sulfate 0.00225 "

Sodium formaldehyde sulfoxylate 0.03 _ "

Sodium dodecyl-diphenyl-ether-

disulfonate agueous solution 0.13 "
(50 %)
De-ionized water 200 "

‘Then, 42.0 wt. parts of 1,3-butadiene was
- supplied, and the autoclave was externally heated to 80
©C to start emulsion polymerization.

From 3 hours after the commencement of
polymerization, 1.2 wt. parts of t-butyl hydroperoxide
aqueoue solution (5 %) and 1.2 wt. parts of sodium

- formaldehyde sulfoxylate aqueous solution (5 %) were
pbst-added intermittently in 15 hours. Further; at 7
hours aftef'the commencement of pplymerization, 1.0 wt.
part of sodium dodecyl-diphenyl-ether~disulfonate
aqueous solution (50 %) was added so as to retain the
stability of emulsion polymer particles within the
autoclave. |

After 18 hours of reaction, the pfeséure
within the autoclave was lowered to the atmospheric
pressure by venting, and then the latex within the

' autoclave was cooled to 60 °c, ' v

The resultant rubber polymer showed an average

particle size of 200 nm in its latex form and showed a



équeous solution (5 % 1.0 Simlarly, the t-butyl

hydr oper oxi de aqueous sol ution and sodi um for mal dehyde sul f gxy
solution were added intermittently in 5 times at an -45-
m n. Further,

pol ynmeri zation, the follow ng polynerlz;Q|<3n ai ds were adde, Dim
hydroperOX|de aqueous

,I REMI\@MQQC’T

ggg&%{af

at 4 hours after the comencenent of the seco

refractive index np at 23 °¢ of 1.568. |
To the rubber polymer thus obtained, the
following monomers and polymerization aids were added
to effect 2.5 hours of graft polymerization at 60 °cC.
Styrene 11.25 wt.part(s)
Acrylonitrile o 3.75 "
t-Butyl hydroperoxide aqueous
solution (5 %) . 1.0 "
Sodium formaldehyde sulfoxylate
aqueéus solution (5 %) 1.0 "
Incidentally, the t-butyl hydroperoxide
aqueous solution and sodium formaldehyde sulfoxylate
agueous solution were added intermittently in 5 times
at an interval of 30 min.
éhen, the following monomers and
polymerization aids were added to effect 6 hours of

second-stage graft polymerization at 60 °C.

Styrene 11.25 wt.part(s)
Acrylonitrile i . 3.50 "
Methyl methacrylate ' 0.25 "

ﬁ-Butyl hydroperoxide agqueous
solution (5 %) | 1.0 "
Sodium formaldehyde sulfoxylate
aqueoué solution (5 %) 1.0 -
Similarly,-the t-butyl hydroperoxide aqueous
solution and sodium formaldehyde sulfoxylate agqueous

solution were added intermittently in 5 times at an



éolution (5% 0.5 wt.part(s) Sodium fornmal dehyde
sul foxyl ate aqueous solution (5 ) 0.5'The,resuLIant graft

enul sion was added to the resultant latex, followed by gal t p
with cal ci um chl ori de aqueous sol uti on, -dg_materlng, wa

_)'—I

Gopol ymer | atex showed an average particle size of 220 K- ﬁfhﬁ
%;p

N

i

drying, to obtain a powdery graft copolyner The rubber | "“""“"Fﬁﬁﬁﬁﬁﬁﬁt

in the graft copol yner showed a glass transition tenperature of -26 [err]C,

and the graft copol yner showed:a refractive.index
interval of 30 min.

Further, at 4 hours after the éommencement of

the second stage-graft polymerization, the following

polymerization aids were added.
t-Bufyl hydroperoxide aqueous
solution (5 %) _ : 0.5 wt.part(s) -
Sodium formaldehyde Sulfoxylate
aqueous solution (5 %) 0.5 "

The resultant graft copolymer latex showed an
average particle size of 220 nm.

An antioxidant emulsion was added to the
resultant latex, followed by salt precipitation with
calcium chloride agqueous solution, de-watering, washing
with water and drying, to obtain a powdery graft
copolymer.

The rubber polymer component in the graft
copolymer showed a glass transition temperature of -26
Oc, ;nd the gréft copolymer showed a refractive index
np at 23 °c of 1.569 in its sheet form.

~20 wt. partg of the thus obtained graft
copolymer was blended with 80 wt. parts of a styrene-
acrylonitrile copolymer resin ("Cebian N-050" (trade
name), available from Daicel Kagaku K.XK.), ahd,the
‘resultant mixture was kneaded for 3 min. on rollers
" having a surface temperature of 160 °C. The'‘'obtained
milled sheet wés preheated for 5 min. and then molded

under a load of 7'0'kg/cm2 for 5 min. by means of a hot



nD at 23 [err]C of 1.569 in its sheet form 20 wt. parts of the thus
obtai ned graft copol ymer was bl ended with 80 wt. parts of_ a_styrene-
acrylonitrile copolymer resin ("Cebian N-050" (trade na =AY f
Dalgel Kagaku K. E ), and the resultant m xture was kneagﬁ " %_ﬁééﬁ TQHFET
rollers having a surface tenperature of _gQ [err]C. The bg.lenea 5nNMVE19$
sheet was preheated for 5 mn. and then nolded under a | @ad-Qf 7O """
kg/cnferr] for 5 min. by nmeans of a hot - 46-

press having a hot plate température of 180 °C to be
shaped into a 3 mm-thick plate product. A test piece
measuring.SO mm-long and 50 mm-wide was cut out frqm
the plate product and subjected to measurement of a
parallel lighf tranémittance and a.haze value.
Further, a No. 5 test specimen (with a V-notch)
according to JIS K-7111 (1984) was cut out from the
plate product and subjected to a Charpy impact test at
23 Oc,

Comparative Example 7

A rubber polymer was prepared by emulsion
polymerizaéion in the same manner as in Example 20
except that 39.2;wt. parts of styrene was used instead
‘of the 3-isopropény1bipheny1 and the amount of 1,3-
butadiene was changed to 39;8 wt. parts.

The resultant rubber polymer showed an average
particle size of 210 nm in its latex form and a
refractive index n23 of 1.568 in its sheet form.

The rubber polymer latex obtained above was
subjected to two stages ‘of graft polymerization in the
same manner as in Example 20,

The resultant graft copolymer showed an
average particle size of 230 nm in its latex fqorm and a
refractive index n§3-of 1.569 in its sheet form. The

" rubber polymer component in the graft éopolyﬁer showed
a glass transition temperature of +4 °cC.

In this way, a graft copolymer having



press having a hot plate tenperature of 180 [err]C to be shaped_ into a 3
mmthick plate product. A test piece neasuring 50 mml ong %nﬂgég;“
was cut out fromthe plate product and subjected to nmeasur@nent o
parallel light transmttance and a haze value. Further, a ;
specinmen (with a V-notch) according to.dhS K-7111 (1984) wes=eui QU™ Ot
the plate product and subjected to a Charpy inpact test at 23 [err]C
Conpar ative Exanple 7 A rubber polynmer was prepared by emul sion

pol yneri zation in the same manner as in Exanple 20 except that 39.2 w.
parts of styresfragtiveedndexesa®f its rubber component and itself

ﬁhich were identical to those of the graft copolymer in
Example 20, was obtained in a pbwdery form.

20 wt. parts of the thus obtained graft
copolymer was blended with 80 wt. parts of the s#me
acrylonitrile-st&rene copolymer resin as used in
Example 20 to prepare a 3 mm-thick plate product, which
was similarly subjected to evaluation of impact
resistance and transparency as in Example 20.

The compositions of the rubber polymers and
.grgft copolymers prepared in Example 20 and Comparative
Example 7 are shown in Table 5, and the properties
thereof and of ﬁblded samples from the graft copolymers
are shown in Table 6. .

In fable 6, the properties of a molded sample
prepared from the commercially &vailable styrene-
acfylonitrile copolymer alone are also shown for
reference.

From the comparison of Exampie 20 and
Comparative Example 7, the graft copolymer containing
3-isopropenylbiphenyl in its rubber polymer component
according to the present invention (Example 201
provided a much better impact resistance-improving
effect than the .corresponding. graft copolymer using
styrene in its rubber polymer component (Comﬁarative
Example 7) with fespect to.styrene-acrylonitrile

copolymer resin while retaining a good transparehcy



of the 3-isopropenyl bi phenyl and the anount of 1,3- butadj changed
to 30.8 wt. parts. The resultant rubber polyner showed a
size of 210 nmin its latex formand a refractive index [
its sheet form The rubber polyner | atex obtai ned above
two stages of graft polynerization in tq§ sanme manner as
resultant graft coepol yner showed an averdge particle size of 230 nmin
|l atex formand a refractive index [err] of 1.569 in its sheet form The
rubber pol ymer conponentin the graft copolyner showed a glass transition
tenperature ofegdrlerr]C

As. described hereinabove, the graft éopolymer
according to the present invention is characterized by
its high refractive index as well as a low glass
transition £emperature of-its rubber component.
Accordingly, the graft copolymer is suitable for use as
an impact resistance modifier to provide a
thermoplastic resin composition with exgellént
transparency by mixing with various thermoplastic
resins inclusive of vinyl chloride resin and styrene-
acrylonitrile copolymer resin. Further, the Qraft
copolymer is élso useﬁul as a ‘transparent thermoplastic
resin with excellent impact resistance suitable for

various purposes.



In this way, a graft copol ynmer having -47- refractive
rubber conponent and itself which were identical
copol yner in Exanple 20, was obtained in a powdery form -|RO
the thus obtained graft copol yner was bl ended with 80 wt.
acrylonitrile-styrene copolymer resin as usgg.in Exanple

mmt hi ck plate product, which was simlarly subjected to
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"resistance and transparency as in Exanple 20. The conposfisions-—ef—the————,

rubber polyners and graft copol yners prepared in Exanpl 4| REPRACERENDBHEETY ¢
Exanple 7 are shown in Table 5, and the properties therg

of and
sanples fromthe graft copolynmers are shown in Table 6. Dﬂéab.l?ggﬁwm..
properties of a nolded sanple prepared fromthe comer ci‘eHF—avartable
styrene- acrylonitrile copolyner alone are aP8o shown for reference. From
the conparison of Exanple 20 and Conparative Exanple 7, the graft copol ymer
contai ni ng 3-i sopropenyl bi phenyl in its rubber polynmer conponent

Abbreviatidns in Table 1

1) BD: ° 1,3-butadiene

2) 4-IPB:  4-isopropenylbiphenyl

3) 3-IPB: 3-isopropenylbiphenyl.

4) 2-IPN: 2-isopropenylnaphthalene
5) 4-VB: - 4-vinylbiphenyl

6) 2-VN: 2-vinylnaphthalene

7) 8T styrene

8) DVB: divinylbenzene

9) t-DM: | tertiary-dodecfl mercaptan
105 MMA: methyl methacrylate

11)'3#: butyl acrylate



i nvention (Exanple 20) provided a nuch better

accdrding to the present
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- 49- -50- Abbreviations in Table 1 1) BD: 1, 3-but adj;ene 2) 4-1PB

22

4-i sopropenyl bi phenyl 3) 3-1PB:  3-isopropenyl bi phenyl g : >
2-i sopropenyl napht hal ene 5) 4-VB: 4-vi nyl bi phenyl 6)| RERDMACEMENT SHEET
2-vi nyl napht hal ene .
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-57- WHAT IS CLAIMED | S: 1. A graft copol yner, conpri si ; .
parts of a rubber polynmer and 10 - 95 w. parts of a viny|l REPAACEMENT SHEET
graft-polynerized onto the rubber polyner; said rubber pog ymerzc@rmvm

40 - 99 wt. % of butadiene and 1 - 60 w. % of an aromati|¢ Qatd yicycl.h.c.. Vi nyl

nmononer represented by the follow ng fogula (1)
g8l
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or (I11): Formula (1) Formula (11) [err] wherein R denotes a
hydr ogen atom or a nethyl group. 2. A graft copol yner ;
X, wherein shows a refractive index [BEP@AQ# ENTSHE

1.60 at 23 Iiﬂ"m“‘mm(umﬁmgs transition tenperature of| -70 pe&g NO¥ 1986+10
[err] C gratt eopol yrer accordings4o Caim1l, wherleDatesa -c--vi-myl= "

nnnoner conpr|5|ng at | east" one nenber selected fromth
of al kyl methacryl ates, al kyl acrylates, aromatic vinyl cd deEEV HARIBEEN

cyani des and m xtures of these, . REPLAGED
WHAT IS CLAIMED IS: L_,__

1. A graft copolymer, comprising: 5 - 90 wt.
pafts of.a rubber polymer and 10 - 95 wt. parts of a
vinyl monomer graft-polymerized onto fhe rubber
polymer; said rubber polymer comprising 40 - 99 wt. %
of butadiene and 1 - 60 wt. % of an aromatic polycyclic
vinyl monomer représented by the following formula ﬁI)
or (II):

Formula (I) , Formula (II)

R | R
@.@\l‘bc}lz -or C‘:=CH2 R

wherein R denotes a hydrogen atom or a methyl group.

2. A graft copolymer according to Claim 1,
wherein said fubber polymer shows a'refractive index
n§3 of 1.52 to 1.60 at 23 ©C, and a glass transition

temperature of -70 °C to +10 °c.

3. A graft copolymer according to Claim 1 or 2,
wherein said vinyl monomer comprising at least one
member selected from the group consisting of alkyl
methacrylgtes, alkyl acryiates, aromatic vinyl
compounds, vinyl cyanides and mixtures 6f these,
ﬁonomers with.other vinyl monomers copolymerizable

therewith. ' : \

4, A graft copolymer according to Claim 1 or 2,

This Sheet Has Been R.

T



&mmMH%%H%ﬁ%M%A#mA4mmmms ------------ 3 eflewi th. 4. A graft

copol yner cording to Cla|n11 - TOTET —

conpri ses Eﬂl"ﬁﬂ l I sel ectie L bFéﬁﬁﬁ@MﬁvTﬁﬁFﬁ§|
nethacryl S onnltrlle z acrylate | B; %gi Emﬁ
copol yner. accord ng to C a .-”?@ T'ses’

im1, wherein _sg._d vinyl nononer

|
aromatic

wherein said vinyl monomer comprises at least one
member selected from the group consisting of methyl

methacrylate, styrene, acrylonitrile and butyl

acrylate.

5. A graft copolymer according to Claim 1 or 2,
wherein said vinyl monomer comprises an aromatic

polycyclic vinyl monomer represented by the formula (I)

or (II).

" 6. A gréft copolymer according to any one of
Claims 1 - 5, wherein said aromatic polycyclic vinyl
monomer represented by the formula (I) comprises at
least one of 4-iéopropenylbiphenyl and 3-isopropenyl-
biphenyl.

7. A graft copolymer according to any one of
Claims 1 - 6, wherein said aromatic polycyclic.vihyl
monomer repfesented by the formula (II) comprises 2-

isopropenylnaphthalene.

8." A graft copolymer according to any one of
. Claims 1 - 7, which has been obtained by graft
polymerization of-tﬁe vinyl monomer in the presence of
the rubber polymer in its'latex form having an average

particle size of 50 - 800 nm.

heet Has Been Re laced
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bolycyclic vi nyl nonorer represented

graft copolyner according to aim 1

vinyl nono the for
4- |sopropen Iluﬂﬁmﬂga@”w‘sopropen
im

) .‘ @ for (11). 6. A
TR L R
L’__;__,h 7. A fraft z:apuuwms

accordi ng §§|n sai d aronatlcrﬁﬁ?cyeirc iyl
nonomner represented by the fornula (rn) nprises 2-
i sopr openyl napht hal ene. 8. A graft copol ymer according to Claim1, which
has been obt ai ned by graft :

9. A graft copolymer accordlng to any one of

Claims 1 - 8, which has a graft ratio of 5 - 55 %.

10. A graft copolymer according to any one of
Claims 1 - 9, wherein 15 - 50 wt. parts of the vinyl
monomer is graft-polymerized onto 50 - 85 wt. parts of

the rubber polymer.

11. A graft copolymer according to any one of
Claims 1 - 9, wherein 50 ~ 95 wt. parts of the vinyl
monomer is graft-polymerized onto 5 - 50 wt. parts of

the rubber polymer.

12. A thermoplastic resin composition comprising a
mixture of a thermoplastic resin and a graft copolymer

according to any one of Claims 1 to 11.

13. A thermoplastic resin composition according to
Claim 12, which comprises 50 ~ 98 wt. parts of the
thermoplastic resin and 2 - 50 wt. parts of the graft

copolymer.

14. A thermoplastic resin composition according to
Claim 12, wherein said graft copolymer comprises 50 -
85 wt. parts of the rubber polymer and 15 - 30 wt.

parts of the vinyl monomer graft-polymerized onto the

rubber polymer. Sheet Has Been Replaced

i



6olynerization of the vinyl nmononmer in the presence of the rubber polyner

inits |latex form having an averag Cre_S] 0 -_800 nm -59-

9. A gT*aﬁ—copol—wﬁf—aa:—erdl ng t ol Gti$ BHE Ti‘AéeB%ql aﬁE@L At Tattro—)
ENTSHBET

of 5 - raft copol yrner ccor di

50 wt. mjm Im;" nmononer i S graft-polymneri zed o t|9n 502 58mw|g$

parts Of -60- LT el

15. . A thermoplastic resin composition according to
any one of Claims 12 - 14, wherein the thermoplastic

resin comprises a vinyl chloride resin.

16. A thermoplastic resin composition according to
any one of Claims 12 - 14, wherein the thermoplastic
resin comprises a styrene-acrylonitrile copolymer

resin.

heet Has Been Replaced

T i L



11. A graft copolymer according to Claim 1, wherein

0 - 95 W, parts
of the vinyl nononer is graft-polynertzed ontp 5 - 50 wt. dEh
fubber polymer. 12. A thernoplastic resin conposition co gﬁé"ﬁ\ng érﬁe%fﬁ-re

of a thernoplastic resin and a graft copolymer according fi Gy -
Claim 1. 13. A thernoplastic resin conposition according 43 1996...

whi ch conprises 50 - 98 wt. parts of the&lthernoplastic resin and 2 - 50 wt.

parts of the grapACTORES YSEANT 1GRAPT t OGP ODYMER AND I ESERMORIMSTELL i ONn
according to COMPES ETIORACONDA BRINGOPAME Mer conpri ses 50 -

ABSTRACT OF THE DISCLOSURE

A graft copolymer is formed by graft-
polymerizing 10 - 95 wt. parts of a vinyl monomer onto
5 - 90 wt. parts of the rubber polymer which comprises
40 - 99 wt. % of butadiene and 1 - 60 wt. % of an
aromatic polycyclic Vinyl monomer represented by the
following formula (I)-or (II): .. .

Formula (I) - Formula (IT)

Q@] !
' C=CH, or @@—C:CHZ .

wherein R denotes a hydrogen atoﬁ or a methyl group.

The graft copolymer-is charaqterized by the rubber
polymer having a high refractive index as well as a

low glass transition temperature due to the use of the
aromatic polycyclié vinyl monomer. Accordingly, the
‘graft copolymer per se may be used as a thermoplastic
resin having good transparency agd impact resistance at
a low rubber polymer content and may also be added to a -
transparent thermoplastic resin ;nclusive of a vinyl
chloride resin and a st&rene-acrylonitrile copolymer
resin to provide the thermoplastic resin with an
improved impact resistance while retaining a good

transparency.



85°wt. parts of the rubber: pol yner and 15--_ 20 of the vinyl
gronomer graft-polymerized onto the rubber dUI ngt up%rﬂ?

t hernopl astic resin conposition according to Cla|n1 12, || REP,

t hernopl astic resin conprises a vinyl chloride resin. 1f. A ther
resin conposition according to Claim 12, wherein therrhernp
resin conprises a styrene-acrylonitri+®7€opol yner

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

WHAT IS CLAIMED IS:

1. A graft copolymer, comprising: 5 - 90 wt.
pafts of.a rubber polymer and 10 - 95 wt. parts of a
vinyl monomer graft-polymerized onto the rubber
pdlymer; said rubber polymer comprising 40 -~ 99 wt. %
6f butadiene and 1 - 60 wt. % of an aromatic polycyclic
vinyl monomer représented by the following formula (I)
or (II):

Formula (I) , Formula (IX)

Nl
| C=CH, or C'CHZ .

wherein R denotes a hydrogen atom or a methyl group.

2. A graft copolymer accorﬁing to Claim 1,
.wherein said fubber polymer shbws a refractive index
h§3 of 1.52 to 1.60 at 23 °C, and a glass transition
temperature of -70 °C to +10 °c.

3. A graft copolymer according to Claim 1,
wherein said vinyl monomex comprising at least one
member selected from the group consisting of alkyl
methacrylates, alkyl acrylates, arométic vinyl
compounds, vinyl cyanides and mixturés of these,
ﬁonomers with‘other vinyl monomers copolymerizable

therewith.

4. A graft copolymer according to Claim 1,

—_—

) ) O O



resin.
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wherein said vinyl monomer comprises at least one
member selected from the group consisting of methyl

methacrylate, styrene, acrylonitrile and butyl

acrylate.

5. A graft copolymer according to Claim 1
wherein said vinyl monomer comprises an aromatic
polycyclic vinyl monomer represented by the formula (I)

or (II).

6. A graft_copolymer according to
Claim 1 - .wherein said aromatic'polycyclic-vinyl
monomer represented by the formula (I) comprises at
‘least one of 4-isopropenylbiphenyl and 3-isopropenyl-

biphenyl.

7. A graft copolymer according to -
Claim - 1, wherein said aromatic polycyclic_vih§1
monomer représenﬁed by the formula (II) comprises 2-

isopropenylnaphthalene.

8. A graft copolymer according to
. Claim- 1, - which has been obtained by graft
polymerization of.the vinyl monomer in the presence of
the rubber polymer in its latex form having an average

particle size of 50 - 800 nm.

AN O B R
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9. °~ A graft copolymer according to

Claim 1, which has a graft ratio of 5§ - 55 %.

10. A graft copolymer according to
Claim 1}, wherein 15 - 50 wt. parts of the vinyl
nonomer is graft-polymerized onto S50 - 85 wt. parts of

t+he rubber polymer.

11. A graft copolymer according to
Claim- 1, wherein 50 ~ 95 wt. parts of the vinyl
monomer is graft-polymerized onto 5 - 50 wt. parts of

the rubber polymgr.

12. A thermoplastic resin composition comprising a
mixture of a thermoplastic resin and a graft copolymer

according to - . Claim - 1,

13. A thermoplastic resin composition according to
Claim 12, which comprises 50 - 98 wt. parts of the
thermoplastic resin and 2 - 50 wt. parts of the graft

copolymer.

14. A. thermoplastic resin composition according to
Claim 12, wherein said graft copolymer comprises 50 -
85 wt. parts of the rubber polymer and 15 - 50 wt.

parts of the vinyl monomer graft-polymerized onto the

” -REPLA‘CEMENT'SHE'ET !
* 3 MAY 1997

rubber polymer.
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15. . A thermoplastic resin composition according to

Claim 12, wherein the thermoplastic

' resin comprises a vinyl chloride resin.

16. A thermoplastic resin composition according to
- Claim- 12, wherein the'tﬁermoplastlc
resin comprises a styrene-acrylonitrile copolymer

resin.
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