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' COMMONWEALTH OF AUSTRALIA Japanese 140575/88

Patents Act 1052-1960

DECLARATION IN SUPPORT OF A CONVENTION APFLICATION FOR A PATENT OR
PATENT OF ADDITION

In support of the Conveantion Applicatica zmade by TONEN

SEKIYUKAGAKU K.K. for a patent for &n lnvention entitled:

THERMOPLASTIC RESIN COMPOSITION INCORPORATED WITH WHISKER AND
PROCESS FOR PRODUCING THE SAME

I, K. Nishimura of  Tokyo, JAPAN

do solez=ly and sincerely declare as follovs:
1. I am authorised by TONEN SEKIYUKAGAKU K.K. the

applicant for the patent to make this declaration on 1ts bebalf.

2. The btasic application as defined by Section 1Ll of the Act vas
cade 4a Japan

on the 9th day of June 1988, by
“TONEN SEKIYUKAGAKU K.K. o
3. MASATO SAKUMA, KISSHO KITANO, YUJI FUJITA, MASAO SAKAIZAWA and
YUKIHIKO YAGI of 17-12, Harigaya 2-chome, Urawa—shl, Saitama-ken, Japan;
1-G-1103, Ogura l—chome, Saiwal-ku, Kawasaki-shi, Kanagawa-ken, Japan;
4-3-321, Nishitsurugaoka l-chome, Ooi-machi, Iruma-gun, Saitama-ken Japan;
e «20-1- 131 Hirato l-chome, Totsuka-ku, Yokohama-shi, Kanagawa-ken, Japan;
e eand 16- 24 Okamura 4-chome, Isogo-ku, Yokohama-shi, Kanagawa-ken, Japan;
respectively, are

‘ the actual ioveotors of the inveatios end the facts upon which TONEN

SEKIYUKAGAKU K.K. is entitlcd to make ¢he application are as followv:
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o Tbe said TONEN SEKIYUKAGAKU K.K. i{s the essignee of

+he said Masato Sakuma, Kissho Kitano, Yuji Fujita, Masao Sakaizawa and
Yukihiko Yagi
L. The casic 2pplicetion referred to {n parsgraph 2 of this Declarstion
.* °°, was the first applicuticn made in & Convention country i3 respect of the
* invention the subject of the application.
e DECLARED at Tokyo, JAPAN '
this 11th day of July 19 89
E °* TONEN SEKIYUKAGAKU K.K.
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Claim

1. A thermoplastic r=sin composition incorporated

with whisker which comprises:

(a)

(b)

(c)

(d)

(e)

1-90 parts by weight of modified polypropylene partly
or entirely modified with an unsaturated carboxylic
acid or a derivative thereof;

1-90 parts by weight of polyamide;

1-50 pérts by weight of modified rubber partly or
entirely modified with an unsaturated carboxylic acid
or a derivative thereof for 100 parts by weight of
the total amount of said components (a) and (b);

1-50 parts by weight of pctassium titanate whisker
having a fiber diameter of 0.1-1.0 um and a fiber
length of 5-50 um for 100 parts by weight of the
totél amount of said componenﬁs (a), (b), and (c):
and

0-50 parts by weight of a filler for 100 parts by
weight of the total amount of said components (a),

(b), and (c).
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Complete Specification for the invention entitled:

THERMOPLASTIC RESIN COMPOSITION INCORPORATED WITH WHISKER AND PROCESS
FOR PRODUCING THE SAME

The foilowing statement is-a full description of this invention, including the best method of performing it knownto :- s
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Field of industrial application

The present invention relates to a thermoplastic
resin composition incorporated with whisker and also to a
process for producing the same. The thermoplastic resin
composition is useful as an engineering plastics because
of its improved mechanical strength and low coefficient of

linear expansion (or coefficient of thermal expansion) and

coceee
:.“. hence low dimensional change with temperature.
| :-3 : Prior art and problems to be solved by the invention
| ettt A technique used to improve the heat resistance of a
'3:} polymer composition composed mainly of modified polypropy-
§'”:: lene, polyamide, and modified ethylene-a-olefin copolymer
vese is the incorporation of the matrix with a filler such as
‘;::i talc, mica, wollastonite, and glass fiber. (See Japanese
Patent Laid-open No. 53550/1985.)
:J:? In fact, this technique leads to a great decrease in
. impact resistance and surface gloss but does not lead to a
2% substantial reduction of the linear expansion coefficient. '<

Therefore, it has never been used in the fields where
impact resistance, high surface gloss, and high dimen-

sional accuracy are required.
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The present invention was completed to develop a
technique to improve stiffness and heat resistance and
lower the linear expansion coefficient without sacrificirg
impact strength and surface gloss.

Means to solve the problems

The first aspect of the present invention resides in
a thermoplastic resin composition incorporated with
whisker which comprises:

(a) 1-90 parts by weight of modified polypropylene partly
or entirely modified with an unsaturated carboxylic
acid or a derivative thereof;

(b) 1-90 parts by weight of polyamide;

(c) 1-50 parts by weight of modified rubber partly or
entirely modified with an unsaturated carboxylic acid
or a derivative thereof for 100 parts by weight of
the total amount of said components (a) and (b):

(d) 1-50 parts by weight of potassium titanate whisker
having a fibgf aiameter of 0.1-1.0 pm and a fiber
length of 5-50 um for 100 parts by weight of the
total amount of said components (a), (b), and (c):;
and

(e) 0-50 parts by weight of a filler for 100 parts by
weight of the total amount of said components (a),

(b), and (c).

TS



The second aspect of the present invention resides in

a process for producing said thermoplastic resin composi-
tion incorporated with whisker, said process comprisirg
melt-mixing components (a), (b), (c), and (e) in an
extruder and feeding potassium titanate whisker [ (compon-
ent (d)] to the extruder at an intermediate point some-
where between the front and rear ends of the extruder.
The resin composition is pelletized or crushed into a
molding material.

The modified polypropylene [component (a)] used in
the present invention is an acid-modified propylene
polymer. .The base propylene polymer fqr acid modification
includes propylene homopolymers and prcpylene-a-olefin
copolymers. Thg_a—olefin includes, for example, ethylene
and l-butene. The copolymers may be either block copolym-
ers or random copolymers.

The modified polypropylene is formed by modifying the
above-mentioned base material paitiy or entirely with an
unsaturated carboxylic acid or a derivative thereof. The
ratio of modification should preferably be 0.01-5 wt%.

With the ratio of modification lower than 0.01 wt%,
the thermoplastic resin composition of the present inven-

tion does not have sufficient mechanical strength such as
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tensile strength due to poor compatibility with resin
components. On the other hand, with the ratio of
modification higher than 5 wt%, the thermoplastic resin
composition is not improved in impact strength and molding
fluidity.

This modified polypropylene can be obtained by melt-
mixing 100 parts by weight of base polypropylene, 0.05-5
parts by weight of an unsaturated carboxylic acid cr a
derivative thereof, and 0.05-5 parts by weight of an
organic peroxide.

Examples of the unsaturated carboxylic acid include
maleic acid, crotonic acid, end-cis—bicyclo(2.2.l)hept-5-
ene-2, 3-dicarboxylic acid, fumaric acid, acrylic acid, and
isocrotonic acid. Examples of the derivative of the
unsaturated carboxylic acid include acid anhydrides (such
as maleic anhydride), acid halides, amides, imides, and
esters.

Examples of the organic peroxide include benzoyl per-
oxide, dichlorobenzoyl peroxide, dicumyl peroxide, and
lauroyl peroxide. The organic peroxide may be replaced by
a radical initiator used for the acid modification. Exam-
ples of the radical initiator include azobisisobutyro-
nitrile and other azo compounds.

The modified polypropylene (component (a)] used in
the present. invention may be constituted from a single

species of the above-mentioned modified polypropylene or a




mixture -composed of a modified propylene polymer and an
unmodified propylene polymer. The mixture should contain
the unsaturated carboxylic acid in an amount specified
above.

The polyamide [component (b)] used in the present
invention includes, for example, polyamides obtained by
the polycondensation of a diamine and a dicarboxylic acid,
polyamides obtained by the condensation of a polyamide and
an aminocarboxylic acid, and polyamides obtained by the
ring opening of a lactam. They may be a copolymer or a
mixture of two or more polyamides. Examples of the poly-
amide (nylon) [component (b)] include nylon-6, nylon-9,
nylon-11, nylon-12, nylon-66, nylon-610, nylon-612,
nylon-46, and aromatic nylon.

The modified rubber [component (c)] used in the
present invention is one which is obtained by modifying a
base rubber material with an unsaturated carboxylic acid
or a derivative thereof in the same manner as used for the
preparation of the above-mentioned modified polypropylene.

The modification may be accomplished by using the
above-mentioned unsaturated carboxylic acid or a deriv-
ative thereof as a graft monomer. The modification may
also be accomplished by the aid of the above-mentioned

radical initiator (organic peroxide).




The rubber base material for modification that can be
used in the present invention is a homopolymer or copo-
lymer of a-olefins having two or more carbon atoms. Exam-
ples of the a-olefin include ethylene, propylene, l-bu-
tene, l-hexene, 4-methylpentene, and l-decene. .

The rubber base material for modification may also
include terpolymers of ethylene, a-olefin, and non-
conjugated diene, in addition to bipolymers of ethylene
and the above-exemplified a-olefin. Examples of the non-
conjugated diene include 1,4-hexadiene, dicyclopentadiene,
and S-ethylidene-2-norbornene. The rubber base material
for modification may also include rubbers obtained from an
aromatic vinyl monomer and a diene.

The modified rubber [compornent (c)] may be derived
from ethylene propylene rubber (EPR), ethylene-l-butene
rubber (EBR), EPDM (a terpolymer composed of an ethylene-
propylene rubber and a third component such as dicyclo-
pentadiene and ethyli§enenorbornene), hydrogenated prod-
ucts of styrene-butadiene block copolymer or triblock
copolymer, acrylic rubber, polyisobutylene, epichlorohy-
drin rubber, polyamide elastomer, and polyester ‘‘ubber.

The ratio of modification of the modified rubber

[component (c)] should preferably be 0.01-5.0 wt%.
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With thé ratio of modification lower than 0.01 wt%,
the modified rubber is poor in compatibility with the poly-
amide and the thermoplastic resin composition of the
present invention has a low impact strength. On the other
hand, with the ratio of modification higher than 5.0 wt%,
the resin composition of the present invention is not
improved in impact strength.

The modified rubber [component (c)] used in the
present invention may be constituted from a single species
of the above-mentioned modified rubber or a mixture com-
posed of a modified rubber and an unmodified rubber. The
mixture should contain the unsaturated carboxylic acid in
an amount specified above.

The potassium titanate whisker [component (d)] used
in the present invention should have a fiber diameter of
0.1-1.0 um and a fiber length of 5-50 pm.

The potassium titanate whisker as specified above
causes the resin composition to have balanced mechanical
strength, impact strength, linear expansion coefficient,
and surface appearance. The one having the diameter and
length greater than the specified range impairs impact
strength and surface appearance (sﬁch as gloss) although

it improves strength. On the other hand, the one having
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the diameter and length smaller than the specified range
does not improve the linear expansioh coefficient and

strength although it improves surface appearance.

According to the present invention, the matrix com-
posed of the abcve-mentioned polypropylene, polyamide, and

modified rubber is incorporated with potassium titanate

whisker and filler.

The filler [component (e)] used in the present

invention includes, for example, silicates (such as talc,

clay, bentonite and attapulgite), carbonates (such as

calcium carbonate and magnesium carbonate), sulfates (such

as barium sulfate), mica, glass fiber, and carbon fiber,

which are in general use in the field relating to the
present invention.

The thermopiastic resin composition of the present is
composed of:

(a) 1-90 parts by weight of modified polypropylene;

(b) 1-90 parts by weight of polyamide;

(c) 1-50 parts by weight of modified rubber for 100 parts
-by weight of the total amount of said components (a)
and (b) ;-

(d) 1-50 parts by weight potassium titanate whisker

having a fiber diameter of 0.1-1.0 um and a fiber

- 10 -
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leﬁgth éf 5-50 um for 100 parts by weight of the

total amount of said components (a), (b), and (c):

and
(e) 0-50 parts by weight of a filler for 100 parts by weight

5 of the total amount of said components (a), (b), and

(c).

In the total amount of the modified polypropylene
[component (a)] and the polyamide [component (b)], the amount
of the former should be 1 to 90 parts by weight. With an

10 amount less than 1 part by weight, it does not improve the
resin composition in water resistance and moldability.
With an amount more than 90 parts by weight, it does not
improve the resin composition in heat resistance and
mechanical strength.

15 The amount of the modified rubber [component (c)] should
be 1 to 50 parts by weight. With an amount less than 1
part by weight, it does not improve the resin composition
in impact resistance. With an amount more than 50 parts
by weight, it impairs the surface appcarance.

20 The amount of the potassium titanate whisker [component
(d)] should be 1 to 50 parts by weight. With an amount
less than 1 part by weight, it does not improve the resin
composi.tion in mechanical strength and heat resistance.
With an amount more than 50 parts by weight, it impairs

25 the surface appearance.
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In the case where the filler is used, an excess
amount of the filler aggravates moldability, unbalances
impact strength and mechanical strength, and dulls the
surface gloss of the molded articles. With an excessively
small amount, it does not produce its effect.

According to the present invention, the
potassium titanate whisker should be incorporated in the
resin composition in a special manner. If the above-
mentioned components are mixed all at once, the whisker
is broken and the resulting resin composition has a low
mechanical strength. Therefore, it is desirable that
the modified polypropylene (a), polyamide (b), modified
rubber, [and optional filler (e)] should be dry-blended
using a Henschel mixer, V-blender, ribbon blender, or
tumbler blender, and the resulting dry blend should be
melt-mixed using an extruder and the whisker should be
fed to the extruder at an intermediate point somewhere
between the front and rear ends of the extruder. A
preferred amount of the filler is 0.5- 50 parts by weight.

The extruder should preferably be one which
has an L/D ratio greater than 25 (L representing the screw
length and D representing the screw diameter).

According to the present invention, it is
desirable that the potassium titanate whisker should be

fed to the

WU
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extruder at an internmediate point éorresponding to
3/5-4/5 of the screw length, or a position corresponding
to an L/D ratio of 15-20.

The melt-mixing of the components may also be accom-
plished by using a kneader or Banbury mixer.

The thus obtained resin composition may be provided
in the form of peilets or powder.

The resin composition of the present invention may be
incorporated with a variety of additives such as slip
agent, antistatic agent, and flame retardant.

The thermoplastic resin composition incorporated with
whisker pertaining to the present invention has a low
linear expansion coefficient (and hence a small dimen-
sional change with temperature), good surface gloss, high
impact resistance, high stiff.iess, and good heat
resistance. Therefore, it will find use as an engineering
plastic molding material for automotive parts and house-
hold electric appliances which have the above-mentioned
characteristic properties.

Examples

The invention will be explained in more detail with
reference to the following examples. The resin composi-
tions obtained in the examples were tested for properties
according to the following test methods.

Linear expansion coefficient: ASTM D-696
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Tensile strength: JIS K-7113

Flexural modulus: JIS K-7203 (23°C)

Izod imp ct strength: JIS K-7110, with notch, (23°C)

Heat distortion temperature: JIS K-7207, with a load of

5 4.6 kg/cm2

Gloss (60°): JIS K-7110

Example 1

The following components were dry-blended using a tumbler

blender.

10 (1) 40 parts by weight of nylon-6.

(2) 60 parts by weight of maleic anhydride-modified poly-
propylene (with a modification ratio of 0.5 wt%)
prepared by melt-mixing 100 parts by weight of propylene
homopolymer, 1.0 part by weight of maleic anhydride,

15 and 0.05 parts by weight of 2,5-dimethyl-2,5-di (t-butyl
peroxy) hexine-3. (This component will be referred

to as PP + CMP hereinafter.)

°:"°§ (3) 20 parts by weight of maleic anhydride-modified EPR
T (with a modification ratio of 0.3 wt?%) prepared by
.;L.E 20 melt-mixing 100 parts by weight of EPR, 0.3 part by
TS weight of maleic anhydride, and 0.05 parts by weight
f::. of 2,5-dimethyl-2,5-di (t-butyl peroxy) hexine-3 (for

100 parts by weight of total amount of the nylon-6
and modified polypropylen).
..:'. 25
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The resulting dry-blend was extruded through an extruder
having an L/D ratio of 25. During extrusion, 20 parts by
weight of potassium titanate whisker ('Tismo-D", having
a fiber diameter of 0.2 - 0.5um and a fiber length of 10-20
am, a product of Ohtsuka Kagaku Co., Ltd.) was fed to the
extruder at an intermediate point corresponding to an L.D
ratio of about 15. The extrudate was pelletized at 250°C.
After drying, the pellets were made into specimens by
injection molding at 250°C, and the specimens were tested
for physical properties. The results are shown in Table
1.
Example 2

The same procedure as in Example 1 was repeated, except
that the amount of thr potassium titanate whisker was changed
to 30 parts by weight. The results are shown in Table 1.
Example 3

The same procedure as in Example 1 was repeated, except
that the amount of the potassium titanate whisker was changed
to 10 parts by weight and 20 parts by weight of talc was
added. The results are showr in Table 1.
Example 4.

The same procedure as in Example 1 was repeated, except
that the amount of the potassium titanate whisker was changed
to 15 parts by weight and the amount of the talc was changed

to 15 parts by weight. The results are shown in Table 1.

! dértify that tris and tho preceding 3 pages are a
TPUB BLY & Lol ugy 0 GL03 G100y 12+ 13 of
the spesiriouilon originiedy lodgads . e

S (N,

49 A Boer
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Example 5

The same procedure as in Example 4 was repeated,
except that the amouht of the potassium titanate whisker
was changed to 20 parts by weight and the amount of the
talc was changed to 10 parts by weight. The results are
shown in Table 1.
Zxample 6

The same procedure as in Example 1 was repeated,
except that the amount of the modified EPR was changed to
30 parts by weight. The results are shown in Table 1.
Example 7

The same procedure as in Example 1 was repeated,
except that the amount of the nylon-6 was changed to 70
parts by weight, the kind of the maleic anhydride-modified
polypropylene was changed to one (having a modification
ratio of 0.5 wt%) which was prepared by melt-mixing 100
parts by weight of propylene-ethylene block copolymer, 1.0
part by:weight of maleic anhydride, and 0.05 parts by
weight of a-bis-tert-butylperoxy diisopropylbenzene, the
amount of the modified polypropylene was changed to 30
parts by weight, the amount of the modified EPR was
changed to 10 parts by weight (for 100 parts by weight of

the total amount of the nylon-6 and modified polypropy-
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lene), and the amount of the potassium titanate whisker
was changed to 10 parts by weight. The results are shown
in Table 1.
Comparative Example 1

The same procedure as in Example 1 was repeated,
except that thé potassium titanate whisker was replaced by
20 parts by weight of talc. The results are shown in
Table 1.
Comparative Example 2

The same procedure as in Comparative Example 1 was
repeated, except that the amount of the talc was changed
to 30 parts by weight. The results are shown in Table 1.
Comparative Example 3

The same procedure as in Example 7 was repeated,
except that the potassium titanate whisker was not added.
The results are shown in Table 1.
Comparative Example 4

The same procedure as in Comparative Example 3 was
repeated, except that 10 parts by weight of the talc was
added. The results are shown in Table 1.
Comparative Example 5

The same procedure as in Comparative Example 4 was
repeated, except that the talc was replaced by 10 parts by

weight of mica.

S




Table 1 )

| Example No. . Comparative Example No. .
Components and properties 1 2 3 4 5 6 7 1 2 3 4 5
Nylon-6 40 40 40 40 40 40 70 40 40 70 70 70
PP+CMP homo { homo | homo | homo | homo | homo B/C homo | homo B/C B/C B/C
(homo pp or B/C pp base) 60 60 60 60 60 60 30 60 60 30 30~ 30
Modified EPR 20 20 20 20 20 30 10 20 20 10 10 10
Potassium titanate whisker * 20 30 10 15 20 20 10 - - - - -
Talc - - 20 15 10 - - 20 30 - 10 -
Mica - - - - - - - - - - - w0 |
Tensi'e strength 310 350 320 330 340 260 540 260 280 400 500 520 T
Flexural modulus, 23°C 16600 | 21000 | 18900 19200 | 19700 | 12900 20400 12600 { 15800 15300 20200 | 24000
Izod impact strength, 23°C 19 19 | 17 18 18 24 20 10 8 20 15 8
Gloss - - - - - - 83 - - 67 81 75
Heat distortion temperature 126 131 127 129 }30 110 153 112 121 109 140 156
Linear expansion coefficient, 6.5 5 8 7 55 6 8 9 8.5 12 10 8
mm/mm/"C

“Tismo-D", having a fiber diameter of 0.2-0.5 pm and a fiber length of 10-20 um, a product of Ohtsuka Kagaku Co., Ltd.)
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Effect of the invention

The present invention provides a thermoplastic resin
composition incorporated with whisker which exhibits
improved stiffness and heat resistance and a low coeffi-
cient of linear expansion without any adverse effect on

impact strength and surface gloss.
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MDA
THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A thermoplastic resin composition incorporated

with whisker which comprises:

(a) 1-90 parts by weight of modified polypropylene partly

‘:ﬂ,g or entirely modified with an unsaturated carboxylic
LI acid or a derivative thereof;
.:i.. (b) 1-90 parts by weight of polyamide;

| °.. (c) 1-50 parts by weight of modified rubber partly or

| :.E.: entirely modified with an unsaturated carboxylic acid
203:‘ or a derivative thereof for 100 parts by weight of
KLIIN the total amount of said components (a) and (b):;

%% (d) 1-50 parts by weight of potassium titanate whisker

o os having a fiber diameter of 0.1-1.0 pum and a fiber
. length of 5-50 pm for 100 parts by weight of the

. totél amount of said components (a), (b), and (c):;
L

(e) 0-50 parts by weight of a filler for 100 parts by

weight of the total amount of said components (a),

(b), and (c).
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2. A process for producing a thermoplastic resin
composition incorporated with whisker, said process com-
prising melt-mixing in an extruder:

(a) 1-90 parts by weight of modified polypropylene partly
or entirely modified with an unsaturated carboxylic
acid or a derivative thereof;

(b) 1-90 parts by weight of polyamide;

(c) 1-50 parts by weight of modified rubber partly or

‘entirely modified with an unsaturated carboxylic acid

or a derivative thereof for 100 parts by weight of

the total amount of said components (a) and (b);

(d) 1-50 parts by weight of potassium titanate whisker
having a fiber diameter of 0.1-1.0 um and a fiber
length of 5-50 pum for 100 parts by weight of the
total amount of said components (a), (b), and (c):;
and

(e) 0-~50 parts by weight of a filler for 100 parts by
weight of the total amount of said components (a),
(b), and (c),

said potassium titanate whisker being fed to the extruder

at an intermediate point somewhere between the front and

rear ends of the extruder.

3. A process for producing a thermoplastic resin
compositidn incorporated with wbisker.as claimed in Claim
2, wherein the potassium titanate whisker is fed to the
extruder at an intefnmediate point porresponding to

3/5-4/5 of the screw length.
DATED this 7th day of June 1989.
TONEN SEKIYUKAGAKU K.K.

WATERMARK PATENT & TRADEMARK ATTORNEYS
MELBOURNE. VIC. 3000.



