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IMPACT-RESISTANT GRAFT COPOLYMER AND

THERMOPLASTIC RESIN COMPOSITION CONTAINING SAME

s

FIELD OF THE. INVENTION AND RELATED ART

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
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
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

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
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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component.

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
15 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 butadiene-styrene copolymer rubber can have

e T . e il

20 a higher refractive index by increasing the styrene

T
s LR

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.

25 ¢

SUMMARY OF THE INVENTION

An object of the present invention is to
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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
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a vinyl monomer §raftfpolymerized onto the rubber
polymer; said rubber polymef 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 therﬁoplastic'
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
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pol&merization in a kﬁown manﬁer.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
ref;active 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
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pdlymer is caused to have an elevated diass 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 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
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 polymer for the graft copolymer
of the preéent invention has a refractive index and a
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
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
be §olatilized 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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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 .
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monomer while retdining the above-mentioned loﬁer limit
of the aromatic poiycyclic vinyl monomer.

It is also possible to use a polffunctional
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 preferred because the

resulting rubber polymer is caused to have an elevated
glass transition temperature ana a poor elastomeric
property, thu#'lowering the impact resistance-imparting
performance of the graft copolymer.

Examples of the polyfuhctional 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 not exhaustive and it is generally pgssible

to use a compound having two or more double bonds in

" 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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amount up to 5 wt. % of the total monomer amount 56 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.

3? 10 Too small an average particle size of the

,§ rubber polymer latex results in a small impact

= ’ - : ;
f% resistance-imparting effect, and reversely too large an

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
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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. -
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
graft copolymer is added so as to easily and uniformly
disperse fhe rubber polymer within the thermoplastic
resin and provide a sufficient bonding-betwéen the
thermoplastic resin phase and the rubber polymer phase.

The grafting monomer component may for.example
be 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
thermoplastic resins having different refractive
indexes.

Thus, the monomer group may include: aromatic
vinyl compounds, such as styrene and u-mééhylstyrene,
vinyl cyanides, such as acrylonitrile and f .

methacrylonitrile; acrylic acid, methacrylic acid;

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

acrylate and butyl acrylate; alkyl methacrylates, such

as methyl methacrylate, ethyl methacrylate and butyl

Thxs Sheet-Has Been Repl
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methacrylate; maleimide monomers, such-as maleimide and
N-phenyl-maleimide; maleiq:acid; maleic anhydride and
their derivatives; and aromatic polycyclic vinyl

monomers represented by the above-mentioned formulae

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

be used singly or in mixtﬁre. These aromatic

%}_ : - polycyclic vinyl monomers aré also effective as a

;24 ' grafting component to provide a graft copolymer having
b | a high refractive index owing to the grafting

f?: - 10 component. Particularly, 3-isopropenylbiphenyl may be

preferably used. Another copolymerizable monomer may
include a polyfunctional monomer identical to those
i&f used in the rubber polymer.

Graft copolymerization

15 The graft copolymer accordiné 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
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
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50 - 85 wt. parts, more preferably 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 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
polymer content exceeds 90 wt. parts, 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. |

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
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 - 46 wt. parts, 6f the rubber polymer.

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

the reaction system at one time, separately in several
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times or continuously for polymerization. In the case
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
3lwt. $ 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

- This Sheet Has :Béen Replaced
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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 bolyvinylchloride, polystyrene, |
styrene-acrylonitrile cépolymer;tx-methylstyrene—
acrylonitrile copolymer,_styrene-acrylonitrile-methyl
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
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
amount of 2 - 59 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
various purposes as a thermoplastic resin excellent in
transparéncy as well as in impact resistance by

controlling the rubber polymer content therein.
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[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 (nD)

1) Rubber polymer
A cast film is prepared from a rubber polymer
latex, purified by dipping in methyl alcochol and dried

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

samnple £ilm (of about 200 microns in thickness), the

i | refractive index of which is measured at 23 ©°C by using
3? 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 .

P Lo g g e o YR 01 i 3B g o
BT Yoy R T T AT R (RO

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

ﬂ . ‘This Sheet Has Been Replaced -
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temperature of the rubber polymer in the graft
copolymer.

Average particle size in latex

The average particle size of @ rubber polYmer-
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.
amount of a grafting 6omponent actually gfafted onto a
rubber polymer to the amount of the rubber polymer.

"Graft efficiency" is a ratio of the amount of
a grafting comﬁbnent.actuallf grafted onto a rubber
polymer to the amount of a grafting monémer (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 °C. Then, the
mixture 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.

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

In this way, the methyl ethyl ketone-insoluble

Thns Sheet Has Been Re laced
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fraction weight, the rubber polymer weight and the J
grafting monomer weight are obtained. From ihese

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

weighﬁ)/(rubber polymer weight)] x 100. :
Graft effigiency (%) = f(methyl ethyl ketone- :

insoluble fraction weight - rubber polymer

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

conversion of the monomer for the graft polymerization

is also substantéally 100 8. (Thus, [graft copolymer

_ weight] & [rubber polymer weight] + [grafting monomer

weight]). A difference between 100 % and the graft
efficiency corfespénds 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

is Sheet Has Been Re) laced
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preheating in a hot press having a hot plate _

temperature of 200 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- i
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)

(average degree of polymerization = 700)
Octyltin-type stabilizer 2.0 "
Higher alcohol lubricant 0.8 .

Higher fatty acid ester lubricant 0.2 "

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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broken part is stretched.

Example 1

evacuation andkheatihé to 80 °c.
4-Isopropenylbiphenyl
15 (crystal, purity 99.5 %)
Divinylbenzene
(purity 57.2 %)
Diisopropylbenzene hydroperoxide
(purity 50 %)
20 Sodium pyrophosphate
Disodium ethylenediamine-
tetraacetate
Ferrous sulfate
Potassium oleate aqueous solution
- (15.5 %)

Deionized water

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
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

materials, followed by nitrogen aeratioﬁ, gas-

THIS SHEET HAS BEEN
_REPLACED |

The results are represented by ordinary Charpy i

2]

A stainless steel-made autoclave equipped with

a stirrer was charged with the following composition of

9.75 wt.part(s)

0.262

0.150

0.125

0.00375

0.00225 -

2,58

200

11"

After the temperature within the autoclave
/
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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
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
polymerization), 7.5 wt. parts of t-butyl hydroperoxide
aqueous solution (5 %) and 7.5 wt. parts of sodium

- formaldehyde sulfoXylate 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
2 aids were added thereto,_followed by 3 hours of graft
gi polymerization at 60 °c. : .
% Methyl methacrylate . 10.5 wt.part(s)
E 25- Butyl aérylate 2.0 "

t-Butyl hydroperoxide aqueous

solution (5 %) 3.0 "

This Sheet Has Been Replaced
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Sodium formaldehyde 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
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

R e e ¢ s

20 component in the graft copolymer were 31.1 % and 93.2

%, respectively.

e
nor

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 (Example 4) and 30.0 wt. parts
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(Examp;e 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 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.

o oy o e e e g & T e
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The properties of the resultant rubber
polymers'and graft copolymers are inclusively shown in

Table 2A appearing hereinafter.

Example 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,
Methyi aethgcrylate : " 6.25 wt.part(s)
3-Isopropylbipﬁenji : 6.25 "
t-Butyl hydroperoxide aqueous
solution (5 %) ' 3.0 "
Sodium formaldehyde sulfoxylate
"

agueous solution (5 %) o 3.0

Then, the following mixture was added _to the

system, followed by 6 hours of graft polymerization at

25 60 °c. \
Methyl methacrylate 6.25 wt.part(s)
3-Isopropenylbiphenyl ' . 6.25 "
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t-Butyl hydropéroxide agueous
solution (5 %) 3.0 wt.part(s)
Sodium formaldehyde sulfoxylate
aqueous solution (5 %) ' 3.0 "
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 és in Example 1 except that the charged
amounts of 4-isopropenylbiphenyl, 1,3-butadiene,
divinylbenzene and potassium oleate agueous solution
before the Eommencement 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 agueous
solution before the commencement of polymerization were
changed to 0 and 4.84 wt. parts, respectively, and the
emulsion polymerization time was changed to 5 hours.
The polymerizaﬁion 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
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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
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.
Example 9
| A stainless steel-made autoclave equipped with

a stirrer was charged with the following composition of

materials, foliowed 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-

%1 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
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added to sufflclently mix- the 3~ lsopropenylblphenyl
with the butadiene. . Thereafter, 0.6 wt. part of sodium
formaldehyde sulfoxylate aqueous solution (5 %) was
added to initiate emulsion poiymerization. After 2
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.

parts of sodium 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,
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 elso ehOWn in Table 2A.

Example 10

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

evacuation and heating to 80 ©c.

L4

3-Isopropenylbiphenyl _ 11.7 wt.part(s)
(purity 99.5 %) v
t-Dodecyl mercaptan 0.2 "
- This Sheet Has Been Repl
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Diisopropylbenzene hydroperoxide 0.150 wt.part(s)
(purity 50 %)
Sodium pyrbphospﬁate ' 0.125 "

Disodium ethylenediamineQ
tetraacetéte 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 agueous solution (5
%) 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.
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 %.

The resultant latex was cooled to 60 °C, and 'the
following monomer mixture and polymerization aids were

added thereto, followed by 4 hours of graft
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polymerization.
Methyl methacrylate _ 10.5 wt.part(s)
Styrene 5.0 "
3-Isopropenylbiphenyl : 2.0 "

t—Butfl hydroperoxide aqueous

soluﬁion (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 hours of

a second stage graft polymerization at 60 Oc.

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

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

Example 11

Emulsion pbiymerization 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.
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
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divinylbenzene was changed to zero.
The properties of the resultant .rubber polQmer

and graft copolymer are also shown in Table 2.

Example 12

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)
4-Vinylbiphenyl . | 11.25 "
(crystal,_purity 98 %)

Divinylbenzene 0.262 "

(purity 57.2 %)

. . " iy
Tt vz}.‘.‘“‘-’:“'l' MEEEERIY 2 il el 5
B . R Yt

Diisopropylbenzene hydroperoxide 0.25 "
15 (purity 50 %)
Sodium pyrophosphate 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.
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Methyl methacrylate ‘10.5 wt.part(s)
Butyl acrylate 2.0 "
t-Butyl hydroperoxide agqueous

solution (5 %) ' ' 2.0 "

Sodium formaldehyde sulfoxylate

agqueous 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 aqueous
solution (5 %) 3.0 " -
Sodium fo}maldehyde sulfoxylate
aqueous solution (5 %) '_ 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
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
aqueous solution was changed to 4.50 wt. parts, and the

other polymerization aids were the same as in Example

12. N
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The resultant rubber polymer latex was
Esubjected to the same two stages of graft
-polymerization as in Example 12.

‘The properties of the resultant rubber polymer
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

- 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 of pﬁtassium oleate agueous
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
#

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

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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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 %)
1t

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

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

Comparative Examples 2 - 4

Emulsion polymerization was started at 60 °C

oA

2ot u st SR AR RN
SN SR Ty
R

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
_ ﬂ of t-butyl hydroperoxide agueous sqlution (5 %) and 1.0
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

RIS o thns gy nis . -
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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
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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
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
comparable refractive index levels.

It is also clear that the rubber polymers

comprising coéolymers of 3-isopropenylbiphenyl
(Examples 9 aga 10), 2-isopropenylnaphthalene (Example
i1), 4—vinyibiphenyl (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.
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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
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
clear that the graft copolymer obtained by using 3-
.isopropenylbiphenyl also in the rubber polymer (Example
10) provided a lower gléss transition- temperature of

the rubber polymer and also higher refractive indexes

of the rubber polymer and graft copolymer than the

graft copolymer obtained by using styrene instead

thereof (Comparative Example 5).

Example 16

Airubber polymer latex was prepared in the
same manner as in Example 8 except that the charged
amount of potassium oleate agueous solution before the
commencement of polymerization 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 °C, and the following mixture was added thereto,
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followed by 6 houfs of emulsion polyherization at 60
oc. :
Methyl methacrylate 12.5 wt.part(s)
Styrene : : " 12.5 "
t-Butyl hydropefoxiée agueous -
solution (5 %) : 4.0 "
Sodium formaldehyde sulfoxylate
agueous solution (5 %) 4.0 "
After 3 hours from thg commencement of the
graft polymerization, the following aqueous solutions
were bost-added.
t-Butyl hydroperoxide aqueous
solution ES %) | 4.0 wt.part(s)
Sodium formaldehyde sulfoxylate '
aqueous 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

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
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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Styrene ) 7.5 wt.part(s)
t-ﬁutylhydroperoxide aquéous
solution (5 %) | . 3.0 "
Sodium formaldehyde Sulfoleate
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{ Acrylonitrile 5.0 wt.part(s)
gi 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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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 "
5 ~ t-Butyl hydroperoxide agqueous
solution (5 %) | 3.0 "

Sodium formaldehyde sulfoxylate
aqueous solution (5 %) 3.0 "
After 3 hours from the commencement of the

10 graft polymerization, the following aqueous solutions

were post-added.

t-Butyl hydroperoxide. aqueous

= e

solution iS %) 4.0 wt.part(s)
Sodium -formaldehyde sulfoxylaté
15 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

20 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,

25. 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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containing acrylonitrile'in the grafting components
(Example 17) and a one-stage graft copolymer containing
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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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 aqueous
- solution (5 %) 4.0 wt.part(s)
Sodium formaldehyde sulfoxylate

agueous solutlon (5 %) | 4.0 wt.part(s)

An ant10x1dant emulsion was added to the latex
after 12 hours of. the graft 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 £emperature of 175 ©c.
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 Repl

v




10

15

20

25

I ';-HIS bHErT HAS BEEN
|\ REPLACED ;

-41- bees :

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 No. 1 E.D test
specimen (withéut a V-notch) was similarly cut out and
subjected to a Charpy impact test at 0 ©cC.

Comparative Example 6

A rubber polymer latex was prepared in the

'same manner as in Comparative 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, 200 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
copolymerizafion in the same manner as in Example 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
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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.

5 (Bvaluation)

From the comparison of Example 19 and |
Comparison Example 6, it is clear that the rubber
polymer containing 3—isopropenylbiphenyl aécording to
the present 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
copolymex 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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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
polymerization, 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.

After 18 hours of reaction, the pressure
within the autoclave was lowered tb the atmospheric
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

is Sheet Has Been Repiaced
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refractive index np at 23 9C of 1.568.

To the rubber'poiymer 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 . 3.75 "
f-Butyl hydroperoxide aqueous

solution (5 %) - . 1.0 "
Sodium formaldehyde sulfoxylate

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.

ihen, the following moaomers and
polymerization aids were added to effect 6 hours of

second-stage graft ‘polymerization at 60 °cC.

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

t-Butyl hydroperoxide agueous
solution (5 %) 1.0 "
Sodium formaldehyde sﬁlfoxylate
. aqueoua 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

~ "This Sheet Has Been Replace
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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.

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-

[V L V- R Y

acrylonitrile 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

i
i
i
:
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press having a hot plate temperature of 180 °C to be
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
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 Charpy impact test at
23 ©c.

Comparative Example 7

A rubber polymer was prepared by emulsion
polymerization in the same manner as in Example 20
except that 39.2‘wt. parts of styrene was used instéad
of the 3-isopropenylbiphenyl and the amount of 1,3-
butadiene 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
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 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

H!I\I\\ TGN




" THIS SHEET HAS BEEN
! REPLACED
ii e

-47- o

refractive indexes of its rubber component and itself
&hich were identical to those of the graft copolymer in

Example 20, was obtained in a powdery forﬁ.

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 an@ 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
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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
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“Tabie 1 Composition of Graft Copolymer

Rubber polymer componehts** (wt.parts) 1st graft components**(wt.parts) | 2nd graft components** (wt.parts)
BD | comoncmer: DVB t-DM ¢+ MMA BA ST 3-IPB MA ST .3-IPB
Ex. 1 65.25| 4-IPB 9.75 0.262 -~ " 10.5 2.0 =~ - -— 12.5 -
2 60.0 | 4-IPB 15.0 "10.262 -~ 10.5 2.0 ~— - -~ 12,5 -
3 56.25| 4-IPB 18.75 0.262 ‘~-- 10,5 2.0 -~ —— - 12,5 -
4 52.5 | 4-IPB 22.5 0.262 - 10.5. 2.0 ~= = == ~~ 12.5 -
5 45.0 { 4-IPB 30.0 0.262 -- 10.5 2.0 - - - 12.5 -
6 45,0 { 4-1IPB 30.0 0.262 —- 6.25 =~ - 6.25 6.25 — 6.25
7 1 64.5 | 4-IPB 10.5 - - 10.5 2.0 == - - 12.5 - !
8 65.25| 4-IPB 9.75 - e 10.5 2.0 =~ —— -~ 12,5 - ..
9 64.5 | 3-IPB 10.5 —— - 10.5 2.0 ~- — -~ 12,5 - 2
10 53.3 | 3-IPB 11.7 - 0.2 10,5 == 5.0 2,0 10.5 5.00 2.0
1" | 65.25| 2-IPN 9.75 —_ == 10.5 2,0 ~-- - -~ 12.5 -
12 63.75] 4-vB 11.25 0.262 — 10.5 2.0 — - -- 12.5 -
13 63.75| 2-WN 11.25 0.262 — 10.5 2.0 ~-- - - 12.5. - i
14 1 64,0 |4-IPB 7.0 | ST 4,0 | == - 10.5 2.0 == - - 12,5 - ‘|°
15 62.0 |4-IPB 6.5 | 3-IPB 6.5 | —- - 10.5 2.0 ~- - -- 12,5 -
Comp.Ex.1| 56.5 sr 18.5 [0.262 ~— 10.5 2,0 o~ - -~ 12,5 ——
2] 57.75 ST 17.25/0.262 ~—~ 10.5 2,0 ~- - ~~ 12,5 -
3| 45.0 ST 30,0 |0.262 ~- 10.5 2.0 - - - 12,5 -
4] 37.5 sr 37.5]0.262 -~ 10.5 2.0 ~- - -— 12.5 -
51 49.4 ST 15.6 | -- 0.2 10.5 - 5.0 2.0 10.5 5.0 2.0
** The respective monomer components are represented by their abbreviations as shown in the following page.
._]
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Abbréviatiohs
1) BD:

2) 4-1pg;
- 3) 3-IPB:
4) 2-1pN-
5) 4-vg:.
6) 2-vn:
7) sT:
8) Dvn:
9) t-pM:
105 MMA ;

11) Ba:

~50-

in Tabie 1
1,3~butadiene
'4-isopropenylbiphenyl
3-i$opropenylbiphenyl.
2-isopropenylnaphthaléne
4-vinylbipheny1
2-vinylnaphthaiene
styrene

divinylbenzene
tertiary-dodecyi mercaptan
methyl methacrylate
butyl acrylate
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Table 2A Properties.of,Graft Copolymer

Refractive index (n§3) Tg (°C)2) Average particle size (nm) | Graft rate| Graft
_ ) 1) _ ' efficiency
“R.P. G.C. R.P. R.P. G.C. (%) (%)
Ex. 1 1.5372  1.5402 -53 160 170 31.1 93.2-
2 1.5467 1.5472 ‘=41 130 140 31.1 93.3
3 1.5537 1.5518 - =35 130 140
4 1.5598  1.5555 -29° 140 150 31.0 93.0
5 1.5762 1.5670 -2 150 - 160
6 1.5762 1.5721 -12 150 160
7 1.5366 1.5389 -52 . 170 . 180
8 1.5361 1.5388 -52 100(190)3) 210 |
9 1.5371 1.5392 =51 110 120 29.7 89.2
10 1.5403 1.5416 -55 300 350
1 1.5384 1.5400 -49 120 130
12 1.5367 1.5386 =57 110 120
13 1.5370 1.5401 -56 120 130
14 1.5361 1.5377 -53 130 - 140
15 1.5362 1.5388 . =51 120 130 -
Comp.Ex. 1 1.5350 1.5397 -42 170 185
2 1.5340° 1.5384 -48 110 120
3 1.5505 1.5482 -23 100 110
4 1.5599  1.5547 -8 _ 90 100
5 1.5394 1.5406 -44 260 - 320
1) R.P.: rubber polymer
- G.C.: graft copolymer
—Z 2) Tg: glass transition temperature
— 3) The value in the parentheses represents the average particle size after size enlargement
— by coagulation.
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Table 2B Properties of Polyvinyl Chloride Ccmposition

Charpy impact strength** (kg.cm/cm2) Transparency
Formulation A 1 Formulation B 2 Formulation A
23°C 10°C 23 10%C | Tp (®) H(®)
Ex. 1 142(1008)  49(208%) 85.8. 2.3
7 119(100%8)  46(20%) 84.5 2.6
8 145(100%)  123(100%) 81.8 3.8
116(1008) 100(100%) | 85.2 1.9
11 125(1008) 107(100%) | 86.1 2.2
12 73(1008)  71(100%) | 83.5 2.6
13 72(1008)  71(1008) | 84.6 2.5
14 109 (100%) 82.3 3.5
15 126 (100%) 85.0 2.6.
Comp.Ex. 1| 109(100%8)  20(08) 84.2 2.6
2 49(60%)  39(40%) | 83.0 2.8

** The values in the parensethes represent the ductile breakage
1_2 Formulation A contained 10 wt. parts of the graft copolymer.
2) Formulation B contained 12 wt. parts of the graft copolymer.
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Table 3

Rubber polymer cdnponents** 1st graft component** | 2nd graft component**
(wt.parts) (wt.parts) (wt.parts)

BD  4-IPB  3-IPB ST MA AN ST A AN ST

Ex. 16 65.25 9.75 —_— . - 12.5 -~ 12.5 — - -

17 65.25 9.75 - - -~ . 5.0 7.5 - 5.0 © 7.5

18 . 69.6 10.4 - - — 8.0 12.0 _— - -

19 13.0 _— 7.0 —— -- 23.0 57.0 — - -

Comp.Ex. 6 9.0 - — 11.0 - 23,0 57.0 - —— —

** The abbreviations representing the monomers have the same meaning
as in Table 1.
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Table 4

Properties of graft copolymer

Piroperties of shaped samples

Refractive index| Tg | Average impact strength Transparency
( 23) ' (°C) particle (kg.cm/cm?2) :
"p size (nm)
R.P. ~G.C, R.P.| R.P. G.C.| No.5 test No.1 E.D, test Tp (%) H (%)
specimen{23°C) | specimen{0°C)
BEx. 16 | 1.5371 1.5392 | -52 110 120 - - - -
17 | 1.5369 1.5421 | -54 110 120 —~— —-— — —_—
18 | 1.5366 1.5409 | -55 1200 130 . - — -— -
19 | 1.5650 1.5649 | =25 210 350 5.6 not broken 71.5 4,5
Comp.
Ex, 6 1.5667 1.5662 +3 200 330 2.1 21.1 (broken) 72.2 3.6
= -
p—7) “
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Table 5

Rubber polymer components**

1st graft component**

2nd graft componént**

(wt.parts) (wt.parts) (wt.parts)

BD 3~-IPB ST MA AN ST MA - AN ST
Ex, 20 42,0° 28.0 - — 375 11.25 0.25 3.50 11.25
Comp.Ex. 7 30.8 - 39.2 - 3.7 11,25 0.25 3.50 11.25

k%

N,

paoe|

The abbreviations r
as in Table 1.

epresenting the monomers have the same meanings
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Table 6

‘Properties of graft copolymer

an;utﬂﬁ;of:ﬂmpaismmﬂes

Refractive index| Tg

Average Charpy impact,strength Transparen

( 23) (°c) particle (kg.cm/cmz) : : Y

.nD . size (nm) :

R.P_. G.C. R.P.] R.P. G.C. Tp (%) H (%)
Ex.20  [1.568.  1.569 | =26 { 200 220 3.0 81.1 2.9
Cap. .
Ex. 7 1.568 1.569 |  +4 210 230 1.1 77.3 7.2
No graft copolymer added 1 85.1° 3.6

—95—
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. 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.

>

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,

Wh
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wherein said vinyl monomer comprises it 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 representéd by the formula (I)

or (II).

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-
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-

isopropenylnaphthalene.

8. A graft copolymer according to any one of

- Claims 1 -~ 7, 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.

-
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9. " A graft copolymer according 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
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 - 50 wt.

parts of the Vinyl monomer graft-polymerized onto the

rubber polymer. ' _,,f,arff"’“"Pﬂ—’-
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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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