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(57) ABSTRACT

The present invention aims to provide a masterbatch con-
tamning a large amount of an aluminum component and
having high pellet strength, wherein aluminum particles
retain their inherent brightness and the amount of a compo-
nent which may impair the strength or appearance of a
synthetic resin molded article 1s small. The masterbatch of
the present invention contains aluminum particles, a heat-
resistant wetting agent, and a resin, wherein the proportion
of the aluminum particles in the masterbatch 1s 50 to 80% by
weight, the resin has a melt flow rate of 0.2 to 60 g/10 min,
and the proportion of wax having a melt flow rate of more
than 60 g/10 min and a melt viscosity at 140° C. of 15 to
8000 mPa-s in the masterbatch 1s 10% by weight or less.

12 Claims, 3 Drawing Sheets
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MASTERBATCH, MASTERBATCH GROUP,
PRODUCTION METHOD FOR
MASTERBATCH, AND SYNTHETIC RESIN
MOLDED ARTICLE

TECHNICAL FIELD

The present invention relates to a masterbatch, a master-
batch group, a method for producing the masterbatch, and a
synthetic resin molded article.

BACKGROUND ART

Mixing and kneading aluminum powder with a synthetic
resin 1s a known method for coloring a synthetic resin to give
a metallic finish. Aluminum particles having a plate-like
shape or a spherical shape are commonly known, and
plate-like particles can give high brightness with a glittering,
granular appearance because the flat and smooth surface of
these particles uniformly reflect light.

Use of the aluminum powder by 1tself 1s associated with
a risk of dust explosion. Thus, the aluminum powder 1is
usually wetted by a solvent such as mineral turpentine
before use.

In the case where such aluminum powder that has been
wetted by a solvent 1s mixed and kneaded with a synthetic
resin, 1t causes the solvent to remain 1n the synthetic resin.
Thus, the residual solvent will be volatilized into a gas
during formation of a synthetic resin molded article using
such a synthetic resin. This may impair the strength or
appearance of the synthetic resin molded article. The
residual solvent 1n the synthetic resin can be removed by
heating during production of the synthetic resin molded
article; however, it has been diflicult to completely remove
the solvent by this method.

In addition, the aluminum particles have poor aflinity for
the resin. Thus, despite attempts to disperse the aluminum
particles in the resin, the aluminium particles cannot be
sufliciently dispersed, resulting in color unevenness or
agglomerations of the aluminum particles.

In order to solve these problems, there has been proposed
a method for coloring a synthetic resin using masterbatches
substantially free of a solvent which are obtained by solidi-
tying aluminum powder with wax.

As examples of such masterbatches, Patent Literature 1
discloses an aluminum powder-containing resin composi-
tion (masterbatch) obtained by mixing an olefin resin, alu-
minum powder, olefin wax, and quicklime, wherein the
aluminum powder content 15 40%.

Patent Literature 2 discloses a masterbatch for coloring a
synthetic resin, the masterbatch containing an aluminum
pigment, polyethylene wax, and a linear low density poly-
cthylene resin, wherein the aluminum pigment 1s contained
in an amount of 60 to 80% by mass, and the polyethylene
wax and the linear low density polyethylene resin are
contained at a mass ratio of 9:1 to 7:3.

CITATION LIST

Patent Literature

Patent Literature 1: JP-A H06-220257
Patent Literature 2: JP-A 2010-121092

SUMMARY OF INVENTION

Technical Problem

The masterbatch disclosed 1n Patent Literature 1 contains
an aluminum component only 1n a small amount. Thus, a
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large amount of masterbatches must be added 11 1t 1s desired
to increase the amount of the aluminum component in a

synthetic resin molded article. In this case, the synthetic
resin molded article will end up containing, besides the
aluminum component, a large amount of an essentially
unnecessary masterbatch component. A large amount of
such an unnecessary masterbatch component may impair the
strength or appearance of the synthetic resin molded article
produced using the masterbatches. Further, an increase 1n the
amount of the aluminum component in each masterbatch
reduces the pellet strength of each masterbatch, making the
masterbatches difficult to handle.

The masterbatch disclosed in Patent Literature 2 contains
a large amount of an aluminum component, but also contains
a large amount of polyethylene wax which may impair the
strength or appearance of a synthetic resin molded article
produced using the masterbatches.

In addition, use of a large amount of polyethylene wax
reduces the pellet strength of each masterbatch, so that fine
powder 1s easily generated as a result of cracking of the
masterbatch, and the pellet shape tends to be irregular. Resin
particles to be colored tend to separate from the fine power
of the masterbatches 1n the step of forming a synthetic resin
molded article because of the diflerence 1n particle size. This
has been a cause of color unevenness of a synthetic resin
molded article.

In addition, Patent Literature 1 and Patent Literature 2
both disclose that the masterbatch production involves a
heat-mixing step to remove a solvent used as a wetting agent
for the aluminum particles; and a pellet molding step.
Masterbatch components are heated and dispersed in each of
these two steps. Thus, the masterbatch components are
prone to thermal degradation, resulting 1n low strength or a
poor appearance of a synthetic resin molded article. Further,
the shape of the plate-like aluminum particles will be
cracked, bent, or broken if the particles are subjected to
excessive mechanical shear during masterbatch processing.
Once the aluminum particles are broken as described above,
the aluminum particles tend to reduce their inherent bright-
ness.

The present mvention was made in view of the above
problems. The present invention aims to provide a master-
batch containing a large amount of an aluminum component
and having high pellet strength, wherein aluminum particles
retain their inherent brightness and the amount of a compo-
nent which may impair the strength or appearance of a
synthetic resin molded article 1s small. The present invention
also aims to provide a masterbatch group including a plu-
rality of the masterbatches, a method for producing the
masterbatch, and a synthetic resin molded article produced
using the masterbatch or the masterbatch group.

Solution to Problem

The present inventors carried out extensive studies to
solve the above problems. As a result, they found that 1t 1s
possible to obtain a masterbatch containing a large amount
of an aluminum component and having high pellet strength,
wherein aluminum particles retain their inherent brightness
and the amount of a component which may impair the
strength or appearance of a synthetic resin molded article 1s
small, by the following method: wetting aluminum particles
by a heat-resistant wetting agent; mixing the aluminum
particles with a resin having a melt flow rate of 0.2 to 60
/10 min; and adjusting the proportion of wax in the
masterbatch to be in a certain range, the wax having a melt
flow rate of more than 60 g/10 min and a melt viscosity at
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140° C. of 15 to 8000 mPa-s as measured by a Brooktield
viscosity. The present invention was thus completed.
Specifically, a first embodiment of the present invention
relates to a masterbatch containing aluminum particles, a
heat-resistant wetting agent, and a resin, wherein the pro-
portion of the aluminum particles 1n the masterbatch 1s 50 to

80% by weight, the resin has a melt flow rate of 0.2 to 60
g/10 min, and the proportion of wax having a melt flow rate
of more than 60 g/10 min and a melt viscosity at 140° C. of
15 to 8000 mPa-s in the masterbatch 1s 10% by weight or
less.

Preferably, in the masterbatch of the present invention, the
aluminum particles are surface-coated aluminum particles.

Preferably, the masterbatch of the present invention fur-
ther contains a melt tension 1mprover.

Preferably, 1in the masterbatch of the present invention, the
resin contains a high melt tension resin having a melt tension

at 190° C. of 30 to 200 mN.

Preferably, in the masterbatch of the present invention, the
resin 1s a polymer alloy having a melt tension at 190° C. of
20 to 100 mN.

Preferably, the masterbatch of the present invention fur-
ther contains a metal deactivator.

A second embodiment of the present invention relates to
a masterbatch group including a plurality of the master-
batches, wherein each masterbatch has a pellet shape, the
plurality of the masterbatches included 1n the masterbatch
group has a relative standard deviation of the major axis of
5.00% or less, the plurality of the masterbatches included 1n
the masterbatch group has a relative standard deviation of
the minor axis of 5.00% or less, and the plurality of the
masterbatches included in the masterbatch group has a
relative standard deviation of the length of 5.00% or less.

Preferably, in the masterbatch group of the present inven-
tion, the average major axis of the plurality of the master-
batches included 1n the masterbatch group 1s 2.0 to 4.0 mm,
the average minor axis of the plurality of the masterbatches
included 1n the masterbatch group 1s 2.0 to 4.0 mm, and the
average length of the plurality of the masterbatches included
in the masterbatch group 1s 2.0 to 4.0 mm.

A third embodiment of the present invention relates to a
method for producing the masterbatch, the method including
a mixing step of mixing an aluminum paste obtained by
wetting aluminum particles by a heat-resistant wetting agent
with a resin having a melt flow rate of 0.2 to 60 g/10 min so
as to produce an aluminum-resin mixture in which the
proportion of the aluminum particles 1s 50 to 80% by weight
and the proportion of wax having a melt flow rate of more
than 60 g/10 min and a melt viscosity at 140° C. of 15 to
8000 mPa-s 1s 10% by weight or less; an extruding step of
extruding the aluminum-resin mixture; and a cutting step of
cutting the extruded aluminum-resin mixture.

Preferably, in the method for producing the masterbatch
of the present invention, the mixing step 1s carried out
without using a stirring member.

Preferably, in the method for producing the masterbatch
of the present invention, the mixing step 1s carried out at 80°
C. or lower, and the extruding step 1s carried out at 150 to
250° C.

Preferably, in the method for producing the masterbatch
of the present invention, the mixing step 1s carried out using
surface-coated aluminum particles as the aluminum par-
ticles.

A Tourth embodiment of the present invention relates to a
synthetic resin molded article produced using the master-
batch or the masterbatch group.
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Advantageous Elflects of Invention

The masterbatch of the present invention contains a

heat-resistant wetting agent and a resin having a melt flow
rate of 0.2 to 60 g/10 min. Thus, although the masterbatch
does not contain a component such as wax which may
impair the strength or appearance of a synthetic resin
molded article, the proportion of the aluminum particles in
the masterbatch 1s 50 to 80% by weight while maintaining
a high pellet strength. Namely, the masterbatch can have a
high aluminum particle concentration while maintaining a
high pellet strength. If the pellet strength of each master-
batch 1s high, the amount of fine powder to be generated
from broken masterbatches due to vibration, contact, or the
like will be small. Thus, each masterbatch has a uniform
pellet shape, and these masterbatches are less likely to be
non-uniformly dispersed during synthetic resin molded
article processing. As a result, 1t 1s possible to suppress color
unevenness attributable to non-uniform dispersion of the
masterbatches during synthetic resin molded article process-
ng.

In the masterbatch of the present invention, the proportion
of the aluminum particles 1n the masterbatch 1s 350 to 80% by
weight. Thus, 1t 15 possible to reduce the amount of a
masterbatch component other than the aluminum component
in a synthetic resin molded article. Thus, the masterbatch 1s
less likely to result 1n low strength or a poor appearance of
the synthetic resin molded article.

Further, the proportion of the wax having a melt flow rate
of more than 60 g/10 min and a melt viscosity at 140° C. of
15 to 8000 mPa-s 1n the masterbatch of the present invention
1s 10% by weight or less. Thus, the masterbatch 1s less likely
to result 1n low strength or a poor appearance of a synthetic
resin molded article.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic perspective view of a masterbatch
of the present invention which 1s formed to have a pellet
shape.

FIG. 2 1s an 1mage of a masterbatch group according to
Example 1.

FIG. 3 1s an 1mage of a masterbatch group according to
Comparative Example 2.

FIG. 4(a) 1s a 1000 times magnified microscopic image of
the shape of aluminum particles 1n a synthetic resin molded
article formed using the masterbatches according to
Example 1. FIG. 4(b) 1s a 3000 times magnified image.

FIG. 5(a) 1s a 1000 times magnified microscopic image of
the shape of aluminum particles 1n a synthetic resin molded
article formed using the masterbatches according to Com-
parative Example 2. FIG. 5(b) 1s a 3000 times magnified
1mage.

FIG. 6(a) 1s a 1000 times magnified microscopic image of

the shape of aluminum particles in an aluminum paste.
FIG. 6(b) 1s a 3000 times magnified image.

DESCRIPTION OF EMBODIMENTS

The proportion of the aluminum particles 1n the master-
batch of the present invention 1s 50 to 80% by weight. The
proportion of the aluminum particles 1s more preferably 60
to 80% by weight, still more preferably 65 to 80% by
weilght.

If the proportion of the aluminum particles 1n the mas-
terbatch 1s more than 80% by weight, each masterbatch will
have lower pellet strength and will be susceptible to crack-
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ing, chipping, or the like. Thus, the masterbatches will be
difficult to handle. Further, fine fragments or powder may
result from cracking, chipping, or the like. Such fine frag-
ments or powder tends to cause color unevenness 1 a
synthetic resin molded article. In addition, such fragments or
powder of the masterbatches may remain in a container
when moving the masterbatches from the container. In other
words, the fragments or powder of the masterbatches may
not be used for production of a synthetic resin molded
article. Thus, generation of fragments or powder of the
masterbatches 1s economically disadvantageous.

If the proportion of the aluminum particles 1 each
masterbatch 1s less than 50% by weight, a masterbatch
component other than the aluminum component i1s neces-
sarily added 1n a large amount to produce a synthetic resin
molded article. Such a masterbatch component may 1mpair
the strength or appearance of the synthetic resin molded
article produced using such masterbatches.

It 1s preferred that the aluminum particles contained in the
masterbatch of the present invention have a uniform shape
and a smooth surface without being broken or bent and that
the aluminum particles are not agglomerated by overlap-
ping.

Breaking or bending of the aluminum particles creates
bumps on the surface of the aluminum particles, thus dif-
tusing light. The diflused light 1s absorbed at the interface of
another aluminum particle, thus decreasing the brightness.
In addition, the aluminum particles that are broken or bent
into small pieces cannot provide a glittering and clear grainy
appearance.

The aluminum particles that are not broken or bent can
suiliciently increase the brightness of the masterbatch. Thus,
a synthetic resin molded article produced using the master-
batches of the present invention can be provided with a clear
metallic luster.

The average particle size of the aluminum particles 1s not
limited, but it 1s preferably 5 to 100 um, more preferably 5
to 50 um.

The shape of the aluminum particles 1s not limited, but
plate-like particles having a flake shape or a coin shape are
preferred. The term “plate-like particles™ refers to the par-
ticles having a shape in which the ratio of the average
particle size to the average thickness (average particle
size:average thickness) 1s 5:1 to 1000:1. If the aluminum
particles has a plate-like shape, the ratio of the average
particle size to the average thickness (average particle
size:average thickness) 1s preferably 5:1 to 1000:1.

A synthetic resin molded article produced using master-
batches containing such aluminum particles has a highly
bright and glittering granular appearance which 1s similar to
the appearance of a molded article coated with aluminum.

The term “average particle size of the aluminum par-
ticles” as used herein refers to a value calculated based on
the particle size distribution as measured by a conventional
particle size distribution measurement method such as laser
diffractometry.

The aluminum particles may be untreated aluminum
particles which are not surface-treated, or surface-coated
aluminum particles which are surface-treated.

The term “surface-coated aluminum particles™ refers to
the aluminum particles obtained by coating the surface of
untreated aluminum particles with a substance such as resin,
inorganic compound, organosilicon compound, coupling
agent, or any other organic compound.

If the aluminum particles are surface-coated aluminum
particles, the aluminum particles will exhibit higher athnity
for the resin, which results 1n good melt tension, making
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strands less likely to break off. The resulting masterbatch 1s
provided with suflicient strength and higher brightness.

It 15 also possible to prevent the aluminum-catalyzed
oxidation of the resin and the wax 1n the masterbatch. Thus,
a synthetic resin molded article produced using the master-
batches of the present invention can be prevented from

having fisheyes and gel particles that are generated from
oxidization of the resin and the wax in the masterbatch.

The surface-coated aluminum particles are not limited,
but resin-coated aluminum particles are preferred. More
preferably, the resin 1s acrylic resin, melamine resin, epoxy
resin, urethane resin, or polyester resin.

In the case where the surface-coated aluminum particles
are aluminum particles coated with an mnorganic compound,
the inorganic compound 1s preferably, for example, an oxide,
a hydrated oxide, or a hydroxide of aluminum or silicon.

In the case where the surface-coated aluminum particles
are aluminum particles coated with an organosilicon com-
pound, the organosilicon compound is preferably, for
example, an alkoxysilane compound, a chlorosilane com-
pound, a silazane compound, a reactive silicone, or a modi-
fied silicone.

In the case where the surface-coated aluminum particles
are aluminum particles coated with a coupling agent, the
coupling agent 1s preferably, for example, a silane-based,
titanate-based, aluminate-based, or zirconium-based cou-
pling agent.

In the case where the surface-coated aluminum particles
are aluminum particles coated with a diflerent organic
compound other than the organic compounds described
above, the diflerent organic compound 1s preferably a satu-
rated fatty acid or an unsaturated fatty acid.

The surface-coated aluminum particles described above
may be commercially available products. Examples of the
surface-coated aluminum particles having a surface coated
with acrylic resin include astrotlake available from Hori
Metal Leat & Powder Co., Ltd.; FZ series, BP series and
PCF series available from Toyo Aluminum K.K.; and TR
series and HR series available from Asahi Kase1 Metals Co.,
Ltd.

In the case where the aluminum particles are resin-coated
aluminum particles, the resin for coating the aluminum may
be mixed with another resin such as polyolefin resin that 1s
mixed during masterbatch production. In such a case, the
resin 1n the masterbatch 1s a mixture of the resin for coating
the aluminum and the resin such as polyolefin resin. Thus,
the melt tlow rate of the resin in the masterbatch may be
considered as the melt tlow rate of the mixture. In reality;
however, the resin for coating the aluminum has hardly any
eflect on the melt flow rate of the mixture, so that the result
1s substantially the same even 11 only taking into account the
melt flow rate of the resin such as polyolefin resin that 1s
mixed during masterbatch production. Therelfore, as long as
a resin having a melt flow rate of 0.2 to 60 g/10 min 1s used
as a resin to be mixed during masterbatch production, the
resin contained in the masterbatch of the present invention
1s considered to have a melt flow rate 1n the range of 0.2 to
60 g/10 mun.

Examples of the surface-coated aluminum particles hav-
ing a surface coated with silica include Chromashine avail-
able from Toyo Aluminum K.K.

Examples of the surface-coated aluminum particles hav-
ing a surface coated with a coupling agent include LX series
available from Toyo Aluminum K.K.

The masterbatch of the present invention contains a
heat-resistant wetting agent.
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In the production of the synthetic resin molded article, the
masterbatches and the resin are heated and melt-kneaded. At
this point, usually, the kneaded mixture 1s heated at 150° C.
to 250° C.

If the masterbatch contains a conventional wetting agent
such as mineral turpentine, the wetting agent may be vola-
tilized into a gas by heating. The gas generated from
volatilization may 1mpair the appearance and strength of a
synthetic resin molded article.

In contrast, the masterbatch of the present invention
contains a heat-resistant wetting agent, so that the heat-
resistant wetting agent 1s hardly volatilized into a gas even
when heated during melt-kneading and 1s thus less likely to
result 1n a poor appearance and low strength of a synthetic
resin molded article.

The heat-resistant wetting agent contained 1n the master-
batch of the present invention 1s defined as follows.

In the case of wetting agents having a boiling point, the
heat-resistant wetting agent 1s one having a boiling point of
250° C. or higher.

In the case of wetting agents that are volatilized into a gas
by pyrolysis before boiling, the heat-resistant wetting agent
1s one having an intermediate pyrolysis temperature of 250°
C. or higher 1n a nitrogen atmosphere.

The intermediate pyrolysis temperature 1s a value deter-
mined according to JIS K 7120 using a thermogravimetric
balance.

The heat-resistant wetting agent 1s not limited. Examples
include polyethylene glycols; phosphoric esters such as and
triphenyl phosphate; phthalate esters such as bis(2-ethyl-
hexyl)phthalate and dibutyl phthalate; and aliphatic esters
such as bis(2-ethylhexyl) adipate, dibutyl adipate, bis(2-
cthylhexyl) sebacate, and dibutyl sebacate. Polyethylene
glycols are preferred among these.

The masterbatch of the present invention may contain one
or a combination of two or more of the heat-resistant wetting
agents.

The aluminum particles wetted by the heat-resistant wet-
ting agent may be commercially available products.
Examples include Silveeds series (aluminum particles wet-
ted by polyethylene glycol) available from Asahi Kasei
Chemicals Corporation; and No. 300 80PA (aluminum par-
ticles wetted by bis(2-ethylhexyl)phthalate) and No. 300
DOA (aluminum particles wetted by bis(2-ethylhexyl) adi-
pate) available from Yamato Metal Powder Co., Ltd.

In addition, the intermediate pyrolysis temperature of the
heat-resistant wetting agent 1n the wetted aluminum particles
in a nitrogen atmosphere can be measured according to JIS
K 7120 as 1s the case with the intermediate pyrolysis
temperature of the heat-resistant wetting agent described
above, and 1s substantially the same as the intermediate
pyrolysis temperature measured for the wetting agent 1tself.

It the heat-resistant wetting agent 1s a polyethylene gly-
col, a polyethylene glycol having an itermediate pyrolysis
temperature of 250° C. or higher and a freezing point of
—-20° C. or higher 1s preferred.

The term “freezing point” of the polyethylene glycol
refers to the freezing point of a chemical product as mea-
sured according to JIS K 0065 specified 1in the Japanese
Industrial Standards.

The weight ratio of the heat-resistant wetting agent to the
aluminum particles (wetting agent:aluminum particles) 1s
preferably 5:95 to 30:70, more preferably 5:95 to 15:85.

If the proportion of the heat-resistant wetting agent
exceeds the above range, the proportion of the aluminum
particles will be low, so that the masterbatch produced wall
fail to have a suthiciently high aluminum particle concen-
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tration, and the proportion of a resin 1n the masterbatch wall
be low. The masterbatch having a lower resin proportion
tends to have low pellet strength. An excess proportion of
the heat-resistant wetting agent also results 1n a decrease 1n
measurability and in stable supply of the aluminum paste
during masterbatch production.

If the proportion of the heat-resistant wetting agent 1s
below the above range, the dust of the aluminum particles
will easily spread 1n the air during masterbatch production,
which may cause a dust explosion.

The masterbatch of the present invention contains a resin
having a melt tlow rate of 0.2 to 60 g/10 min. The melt flow
rate of the resin 1s preferably 0.2 to 40 g/10 min, more
preferably 0.2 to 30 g/10 min.

Such a resin can improve the pellet strength of each
masterbatch.

I1 the melt flow rate of the resin 1s more than 60 g/10 muin,
the pellet strength of each masterbatch will be reduced,
making the masterbatch susceptible to cracking, chipping, or
the like. Thus, the masterbatches will be difficult to handle.
Further, fine fragments or powder will be easily generated,
which 1s economically disadvantageous.

I1 the melt flow rate of the resin 1s less than 0.2 g/10 muin,
the pellet strength of each masterbatch will be too high.
Thus, these masterbatches are likely to be insufliciently
kneaded during production of a synthetic resin molded
article. This may cause color unevenness 1n a synthetic resin
molded article.

The term “melt flow rate” as used herein refers to the
fluidity as measured according to JIS K 7210: 1999 (ISO
1333: 1997) specified in the Japanese Industrial Standards.

The proportion of the resin having a melt flow rate of 0.2
to 60 g/10 min 1n the masterbatch 1s preferably 8 to 45% by
weight, more preferably 10 to 35% by weight.

A masterbatch containing the resin having a melt flow rate
of 0.2 to 60 g/10 min 1n a proportion of less than 8% by
weilght tends to have low pellet strength and exhibits mark-
edly poor processability during 1ts production.

A masterbatch containing the resin having a melt flow rate
of 0.2 to 60 g/10 min 1n a proportion of more than 45% by
weight fails to have a sufliciently high aluminum particle
concentration. Thus, a masterbatch component other than
the aluminum component 1s necessarily added in a large
amount to produce a synthetic resin molded article. This
may 1mpair the strength or appearance of the synthetic resin
molded article produced using such masterbatches.

Examples of the resin include polyolefin resins such as
polyethylene resin and polypropylene resin, polyacetal
resin, polystyrene resin, acrylonitrile resin, ABS resin,
PMMA resin, polycarbonate resin, PBT resin, and PET
resin.

Among these, polyolefin resins such as polyethylene resin
and polypropylene resin are preferred.

The melt flow rate of the resin can be measured by the
method specified 1n JIS K 7210: 1999. For example, poly-
cthylene resin can be measured at a test temperature of 190°
C. and a nominal load of 2.16 kg; polypropylene resin at a
test temperature of 230° C. and a nominal load of 2.16 kg;
polyacetal resin at a test temperature of 190° C. and a
nominal load of 2.16 kg; polystyrene resin at a test tem-
perature of 200° C. and a nominal load of 5 kg; acrylonitrile
resin at a test temperature of 220° C. and a nominal load of
10 kg; ABS resin at a test temperature of 220° C. and a
nominal load of 10 kg; PMMA resin at a test temperature of
230° C. and a nominal load of 3.8 kg; polycarbonate resin at
a test temperature of 300° C. and a nominal load of 1.2 kg;
PBT resin at a test temperature of 260° C. and a nominal
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load of 2.16 kg; and PET resin at a test temperature of 280°
C. and a nominal load of 5 kg.

The proportion of the wax having a melt flow rate of more
than 60 g/10 min and a melt viscosity at 140° C. of 15 to
8000 mPa-s in the masterbatch of the present invention 1s
10% by weight or less.

That the proportion of the wax in the masterbatch 1s 10%
by weight or less means that the masterbatch does not
contain any wax or that the wax content (1f any) 1s 10% by
weight or less.

The masterbatch of the present invention may contain
wax. The presence of wax makes the aluminum particles
compatible with the resin during masterbatch processing,
allowing the aluminum particles to be uniformly dispersed.

However, 11 the proportion of the wax 1s more than 10%
by weight, the pellet strength of each masterbatch will be
reduced, and such wax content may impair the strength of a
synthetic resin molded article produced using the master-
batches.

In addition, the wax 1s easily oxidized. The oxidized wax
has a partially modified molecular chain, and thus has poor
compatibility with the resin and poor diffusibility. Thus, the
masterbatches will not be uniformly dispersed during syn-
thetic resin molded article formation, which may cause the
generation of fisheyes and gel particles on the surface of the
synthetic resin molded article.

The proportion of the wax in the masterbatch 1s not
limited as long as 1t 1s 10% by weight or less; however, it 1s
preferably 0.00001 to 5.0% by weight, more preferably 0.1
to 3.0% by weight.

The term “wax” as used herein refers to a low-density,
low-crystalline resin having a melt-starting temperature of
40° C. or higher, a melt tlow rate of more than 60 g/10 min
as measured under conditions of a temperature of 190° C.
and a load of 2.16 kg, and a melt viscosity at 140° C. of 15
to 8000 mPa-s.

The melt-starting temperature can be measured by differ-
ential scanning calorimetry (DSC) according to JIS K 7121.

The melt viscosity can be measured with a Brookfield
viscometer.

Examples of the wax include polyethylene wax, polypro-
pylene wax, parailin wax, microcrystalline wax, Fischer-
Tropsch wax, carnauba wax, and products obtained by
modifying these waxes with acid such as maleic acid or
carboxylic acid.

The melt flow rate of these waxes can be measured by the
method specified 1n JIS K 7210: 1999. For example, poly-
cthylene wax can be measured at a test temperature of 190°
C. and a nominal load of 2.16 kg; polypropylene wax at test
temperature of 190° C. and a nominal load of 2.16 kg;
parailin wax at a test temperature of 190° C. and a nominal
load of 2.16 kg; microcrystalline wax at a test temperature
of 190° C. and a nominal load of 2.16 kg; Fischer-Tropsch
wax at a test temperature of 190° C. and a nominal load of
2.16 kg; and carnauba wax at a test temperature of 190° C.
and a nominal load of 2.16 kg.

In the case of using another wax, the melt flow rate can
be measured at a test temperature of 190° C. and a nominal
load of 2.16 kg.

The masterbatch of the present invention containing the
above described elements has high pellet strength.

If the pellet strength 1s high, the amount of fine powder to
be generated from broken masterbatches due to vibration,
contact, or the like will be small. Thus, the pellets will have
a uniform shape, and the masterbatches are less likely to be
non-uniformly dispersed during synthetic resin molded
article processing. As a result, it 1s possible to suppress color
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unevenness attributable to non-uniform dispersion of the
masterbatches during synthetic resin molded article process-
ng.

Preferably, the masterbatch of the present invention con-
tains a melt tension improver. Owing to the presence of the
melt tension improver, the masterbatches having a uniform
pellet shape can be easily obtained.

Examples of the melt tension improver include a fluorine-
based melt tension improver and an acrylic melt tension
improver, with the fluorine-based melt tension improver
being preferred.

Examples of the fluorine-based melt tension improver

include polytetratluoroethylene (product name “Fluon PTFE
CD145E” available from AGC, and product name “Polytlon

FA-500H" available from Daikin Industries, Ltd.), and com-
posites formed from polytetrafluoroethylene and an alkyl
methacrylate-alkyl acrylate copolymer (product names
“Metablen A3000” and “Metablen A3800” available from
Mitsubishi Rayon Co., Ltd.). Examples of the acrylic melt

tension i1mprover include alkyl methacrylate copolymers
(product names “Metablen P530” and “Metablen P370”

available from Mitsubishi Rayon Co., Ltd.).

The proportion of the melt tension improver 1n the mas-
terbatch 1s preferably 0.1 to 5.0% by weight, more prefer-
ably 0.3 to 3.0% by weight.

Preferably, in the masterbatch of the present invention, the
resin contains a high melt tension resin having a melt tension
at 190° C. o1 30 to 200 mN. If the resin contains a high melt
tension resin, the masterbatches having a uniform pellet
shape can be easily obtained. Masterbatches having a uni-
form pellet shape are less likely to be non-uniformly dis-
persed during production of a synthetic resin molded article
using these masterbatches, making 1t possible to prevent
color unevenness. In addition, such masterbatches are easy
to handle during production of a synthetic resin molded
article.

The term “high melt tension resin” as used herein refers
to a resin having a melt tension at 190° C. of 30 to 200 mN.

The melt tension at 190° C. of the high melt tension resin
1s preterably 30 to 200 mN, more pretferably 50 to 200 mNN.

Examples of the high melt tension resin include a resin
having a melt flow rate of 0.4 g/10 min and a melt tension
of 88 mN (product name “HI-ZEX 6200BPU” available
from Prime Polymer Co., Ltd.).

The melt tension of the resin can be measured with a
capilograph.

The resin 1s measured under the following conditions.
Measuring device: capilograph (Toyo Seiki Co., Ltd.)
Capillary mnner diameter: 2.095 mm
Capillary length: 8.0 mm
Measurement temperature: 190° C.

Extrusion rate: 10 mm/min
Haul-off speed: 5 m/min

Preferably, in the masterbatch of the present invention, the
resin 1s a polymer alloy having a melt tension at 190° C. of
20 to 100 mN. If the resin 1s such a polymer alloy, the
balance between melt tlow rate and melt tension can be
casily adjusted, and the masterbatches having a uniform
pellet shape can be easily obtained. In addition, various
characteristics can be imparted to the masterbatch by the
selection of resin.

The polymer alloy 1s not limited, but preferably, it
includes any combination of resins selected from high melt
tension polyethylene, polyethylene resin, polypropylene
resin, ethylene-vinyl acetate copolymer, and ethylene-
acrylic acid copolymer. Among these, a combination of high
melt tension polyethylene, polyethylene resin, and polypro-
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pylene resin 1s preferred. If the polymer alloy 1s a combi-
nation of high melt tension polyethylene, polyethylene resin,
and polypropylene resin, the weight ratio of these compo-
nents (high melt tension polyethylene:polyethylene resin:
polypropylene resin) 1s preferably 10-30:10-50:10-30.

Preferably, the masterbatch of the present invention fur-
ther contains a metal deactivator. The presence of the
aluminum 1n the masterbatch makes the resin and the wax
susceptible to aluminum-catalyzed oxidation. The oxidized
resin and the oxidized wax may cause the generation of
fisheyes and gel particles on the surface of a synthetic resin
molded article.

The presence of a metal deactivator in the masterbatch
can prevent the aluminum-catalyzed oxidation of the resin
and the wax.

The metal deactivator 1s not limited. Examples include
triazine-based compounds (1,3,5-triazine-2,4,6-triamine
(product name “Adekastab ZS5-27” available {rom
ADEKA)), a phenolic compounds (2-hydroxy-N-1H-1,2.4-
triazol-3-ylbenzamide (product name “Adekastab CDA-1"
available from ADEKA)), and N,N'-bis[3-(3,5-di-t-butyl-4-
hydroxyphenyl)propionyl Jhydrazine (product name
“Irganox MD1024” available from BASFE)).

The shape of the masterbatch of the present mvention 1s
not limited. Examples include a pellet shape, a rod shape,
and a spherical shape. Among these, a pellet shape 1is
preferred. The masterbatch of the present mvention having
a pellet shape 1s described below with reference to a draw-
ng.

FIG. 1 1s a schematic perspective view of the masterbatch
of the present invention which 1s formed to have a pellet
shape.

As shown in FIG. 1, a masterbatch 10 having a pellet
shape 1s formed 1n a generally elliptical cylindrical shape
and has a generally elliptical bottom 11 and a generally
clliptical top 12. The bottom 11 1s generally congruent with
the top 12. The term “generally elliptical” as used herein
includes a generally circular shape, and thus the masterbatch
10 having a pellet shape may be formed 1n a columnar shape.

The term “length” of the masterbatch as used herein refers
to the distance (L) between the bottom 11 and the top 12.
The term “major axis” of the masterbatch as used herein
refers to the major axis (D1) of the bottom 11 or the top 12.
The term “minor axis” of the masterbatch as used herein
refers to the minor axis (ID2) of the bottom 11 or the top 12.
In the case where the bottom 11 and the top 12 are circle, the
major axis D1 and the minor axis D2 are equal to each other.

Masterbatches having a pellet shape are less likely to vary
in shape, so that the masterbatches are less likely to be
non-uniformly dispersed during production of a synthetic
resin molded article using these masterbatches, making it
possible to prevent color unevenness.

The masterbatch of the present invention may contain any
conventional additive as long as the eflects of the present
invention are not impaired. Examples of such additives
include fillers such as talc and silica; organic pigments such
as azo-based pigment, anthraquinone-based pigment, quina-
cridone-based pigment, phthalocyanine-based pigment,
perylene-based pigment, perinone-based pigment, diox-
azine-based pigment, and quinophthalone-based pigment;
inorganic pigments such as titamum oxide, red oxide, ultra-
marine, Prussian blue, yellow 1ron oxide, chrome vyellow,
chrome bar million, and composite oxide-based pigment;
pigments such as carbon black; and dispersants.

The present invention also relates to a masterbatch group
including a plurality of the masterbatches of the present
invention, wherein each masterbatch has a pellet shape, the
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plurality of the masterbatches included 1n the masterbatch
group has a relative standard deviation of the major axis of
5.00% or less, the plurality of the masterbatches included 1n
the masterbatch group has a relative standard deviation of
the minor axis of 5.00% or less, and the plurality of the
masterbatches included in the masterbatch group has a
relative standard deviation of the length of 5.00% or less.

Such a masterbatch group consists of the masterbatches
having a substantially uniform shape, so that color uneven-
ness 1s less likely to occur 1n a synthetic resin molded article
produced using such masterbatches.

The relative standard deviation of the major axis, the
relative standard deviation of the minor axis, and the relative
standard deviation of the length of the plurality of the
masterbatches are not limited as long as they are 1n the above
ranges. However, preferably, the relative standard deviation
of the major axis 1s 3.00% or less, the relative standard
deviation of the minor axis 1s 3.00% or less, and the relative
standard deviation of the length 1s 3.00% or less.

Preferably, 1n the masterbatch group of the present mnven-
tion, the average major axis of the plurality of the master-
batches included 1in the masterbatch group 1s 2.0 to 4.0 mm,
an average minor axis of the plurality of the masterbatches
included 1n the masterbatch group 1s 2.0 to 4.0 mm, and an
average length of the plurality of the masterbatches included
in the masterbatch group 1s 2.0 to 4.0 mm, though not limited
as long as they are 1n the above relative standard deviation
ranges. More preferably, the plurality of the masterbatches
has an average major axis of 2.5 to 3.6 mm, an average
minor axis of 2.5 to 3.6 mm, and an average length of 2.5 to
3.6 mm.

Such masterbatches having the above size are easy to
handle during production of a synthetic resin molded article.

An example of the method for producing the masterbatch
of the present invention 1s described below.

(a) Aluminum Paste Preparing Step

First, an aluminum paste 1s prepared by wetting aluminum
particles by a heat-resistant wetting agent.

Aluminum particles 1n powder form (hereinafter also
referred to as “aluminum powder”) are very easily oxidized,
and the spread of dust caused by scattering of the aluminum
powder 1n the air may cause a dust explosion. Thus, a
wetting agent such as mineral turpentine 1s usually applied
to suppress scattering of the aluminum powder before use.
However, 1f a low-boiling wetting agent such as mineral
turpentine 1s used as the wetting agent for the aluminum
powder, a gas will be easily generated by volatilization from

masterbatch. A synthetic resin molded article produced
using the masterbatches may have poor appearance and low
strength.

Thus, the wetting agent 1s preferably a heat-resistant
wetting agent.

The aluminum particles may be untreated aluminum
particles that are not surface-treated, or may be surface-
coated aluminum particles that are surface-treated.

If the aluminum particles are surface-coated aluminum
particles, wearing of the aluminum metal portions of the
aluminum particles can be prevented in the later-described
mixing step (b), which otherwise occurs due to the alumi-
num particles come to contact with each other. Wearing of
the aluminum metal portions of the aluminum particles
reduces the brightness of the aluminum particles, thus reduc-
ing the brightness of the masterbatch as well. However, 11 the
aluminum particles are surface-coated aluminum particles,
wearing ol the aluminum metal portions of the aluminum




US 10,385,172 B2

13

particles can be prevented, so that a reduction 1n the bright-
ness of the masterbatch produced through the subsequent
steps can be prevented.

The surface-coated aluminum particles are not limited,
but they are preferably resin-coated aluminum particles. IT
the surface-coated aluminum particles are resin-coated alu-
minum particles, the aluminum particles will exhibit higher
allinity for the resin in the later-described mixing step. As a
result, the masterbatch containing the resin-coated alumi-
num particles 1s provided with suflicient strength, and
strands thereof are less likely to break ofl and have good
melt tension.

The resin-coated aluminum particles have been described
so that the description thereof 1s omitted here.

The method for wetting aluminum particles by a heat-
resistant wetting agent 1s not limited. For example, any
known mixer such as a ball mill, Proshare mixer, Nauta
mixer, tumbler mixer, or Henschel mixer can be used.

The weight ratio of the aluminum particles to the heat-
resistant wetting agent (heat-resistant wetting agent:alumi-
num particles) 1n the aluminum paste 1s preferably 5:95 to
30:70, more preferably 5:95 to 15:85.

If the proportion of the heat-resistant wetting agent
exceeds the above range, the proportion of the aluminum
particles will be low, so that the masterbatch produced wall
tail to have a sufliciently high aluminum particle concen-
tration, and the proportion of a resin 1n the masterbatch waill
be low.

The masterbatch having a lower resin proportion
tends to have low pellet strength. An excess proportion of
the heat-resistant wetting agent also results in a decrease in
measurability and 1n stable supply of the aluminum paste
during masterbatch production.

If the proportion of the heat-resistant wetting agent 1s
below the above range, the dust of the aluminum particles
will easily spread 1n the air during masterbatch production,
which may cause a dust explosion.

(b) Mixing Step

Subsequently, the aluminum paste obtained by wetting the
aluminum particles by the heat-resistant wetting agent 1s
mixed with a resin having a melt flow rate of 0.2 to 60 g/10
min, to prepare an aluminum-resin mixture i which the
proportion of aluminum particles 1s 50 to 80% by weight,
and the proportion of wax having a melt flow rate or more
than 60 g/10 min and a melt viscosity at 140° C. of 15 to
8000 mPa-s 1s 10% by weight or less.

In the mixing step, additives such as a melt tension
improver and a metal deactivator may be mixed together.
Preferred examples of the melt tension improver and the
metal deactivator include those described above for the
masterbatch of the present invention.

The resin to be used 1n the mixing step may be a single
resin or a polymer alloy containing a mixture of two or more
resins. The resin to be used 1n the mixing step may also be
a high melt tension resin having a melt tension at 190° C. of
30 to 200 mN.

If the resin 1s a polymer alloy containing two or more
resins, the melt tension at 190° C. 1s preferably 20 to 100
mN. A preferred resin combination of the polymer alloy may
be one described above for the case where the resin 1n the
masterbatch of the present invention 1s a polymer alloy.

Preferably, in the method for producing the masterbatch
of the present invention, the mixing step 1s carried out
without using a stirring member.

The stirring member refers to a member such as a stirring,
blade or a stirring bar that comes to physical contact with the
aluminum paste and the resin for kneading. Use of such a
stirring member causes wearing of the aluminum particles 1n
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the aluminum paste due to contact with the stirring member.
Wearing of the aluminum particles reduces the brightness of
the aluminum particles. This leads to a reduction in the
brightness of the masterbatch produced through the subse-
quent steps.

The method for mixing the aluminum paste and the resin
without using a stirring member 1s not limited. Examples
include mixing by rotating a container and mixing by
oscillating a container. Use of these methods allows the
aluminum paste and the resin to be mixed together without
wearing of the aluminum particles 1n the aluminum paste.

The mixing temperature 1s not limited. However, the
mixing step 1n the method for producing the masterbatch of
the present invention 1s preferably carried out at 80° C. or
lower, more preferably at 60° C. or lower.

With the mixing temperature in the above range, heat-
induced oxidation of the resin and the wax can be prevented.
As aresult, 1t 1s possible to prevent the generation of fisheyes
and gel particles on the surface of a synthetic resin molded
article produced using the masterbatches produced through
the subsequent steps.

It 1s also possible to prevent the aluminum particles from
being broken by shear strength applied thereto during melt-
ing of the resin and the wax. This makes it possible to
process the masterbatch while retaining the inherent bright-
ness of the aluminum particles.

Preferably, the aluminum-resin mixture has a melt tension
at 230° C. 0130 to 150 mN. Such an aluminum-resin mixture
can be suitably extruded 1n the later-descried extruding step
(C).

The method for adjusting the melt tension 1s not limited.
Examples include a method in which a melt tension
improver 1s added, a method 1n which a high melt tension
resin having a melt tension at 190° C. of 30 to 200 mN 1s
added, and a method 1n which two or more resins are mixed
together to obtain a polymer alloy.

(c) Extruding Step

Subsequently, the aluminum-resin mixture obtained in the
above step 1s extruded.

Extrusion 1s a process where the aluminum-resin mixture
1s pushed out from a die using a pushing member such as a
screw so as to mold the aluminum-resin mixture into a
specific shape.

The extruding temperature 1s not limited. However, the
extruding step in the method for producing the masterbatch
of the present invention 1s preferably carried out at 150° C.
to 250° C., more preferably at 160° C. to 230° C. Extrusion
at a temperature 1n the above range causes the resin 1n the
aluminum-resin mixture to quickly melt. Once the resin 1s
melted, wearing of the aluminum particles due to contact
with a screw or the like can be prevented. Thus, 1t 1s possible
to 1mprove the brightness of the masterbatch produced
through the subsequent steps.

(d) Cutting Step

Subsequently, the aluminum-resin mixture extruded in the
above step 1s cut.

The cutting method 1s not limited, but preferably, the
aluminum-resin mixture 1s cut into a pellet shape. Examples
of such a cutting method include a strand cutting method.

The masterbatch of the present invention can be produced

through the above steps.
(Synthetic Resin Molded Article)

The masterbatch or the masterbatch group of the present
invention 1s kneaded into a synthetic resin 1n an appropriate
manner, whereby a synthetic resin molded article can be
suitably produced. In other words, the synthetic resin
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molded article of the present invention 1s produced using the
masterbatch or the masterbatch group of the present inven-
tion.

The synthetic resin 1s not limited. Examples include olefin
resins such as polyethylene resin and polypropylene resin
and thermoplastic resins such as polystyrene resin, ABS
resin, polyamide resin, polyethylene terephthalate, and poly-
butylene terephthalate.

The amount of the masterbatches 1n the synthetic resin 1s
preferably 0.1 to 10.0% by weight, more preferably 0.3 to
5.0% by weight. If the amount of the masterbatches 1s in the
range of 0.1 to 10.0% by weight, the amount of a master-
batch component other than the aluminum component 1n a
synthetic resin molded article will be sufliciently small.
Thus, the synthetic resin molded article 1s prevented from
having low strength or a poor appearance.

EXAMPLES

The present invention 1s described in further detail below
with reference to examples, but the present invention i1s not
limited to these examples.

Example 1

A masterbatch according to Example 1 was produced by
the following procedure.
(a) Aluminum Paste Preparing Step

An aluminum paste (product name “Silveeds M100-BP”
available from Asahi Kase1r Chemicals Corporation) con-
taining aluminum particles (average particle size: 10 um,
average thickness: 0.2 um, shape: coin shape) and a poly-
cthylene glycol at a weight ratio (aluminum particles:poly-
cthylene glycol) of 90:10 was provided.

The mtermediate pyrolysis temperature of the aluminum
paste 1n a nitrogen atmosphere was 270° C. or higher.
(b) Mixing Step

To a container rotary-type mixer (model name “Tumbler
ST-50E” available from Kawata MFG Co., Ltd.) were added
77.8% by weight of the aluminum paste, 19.9% by weight
of polyethylene resin (melt flow rate of 22 g/10 min (test
temperature: 190° C., nominal load: 2.16 kg), product name
“Novatec LI803” available from Japan Polyethylene Cor-
poration), 1.0% by weight of maleic acid-modified wax
(melt flow rate of 9680 g/10 min (test temperature: 190° C.,
nominal load: 2.16 kg), melt viscosity at 140° C. of 150
mPa-s, product name “Mitsu1 Hiwax 11035A” available from
Mitsui Chemicals, Inc.), 1.0% by weight of a fluorine-based

melt tension improver (an additive obtained by acrylic
modification of polytetrafluoroethylene, product name
“Metablen A3800” available from Mitsubishi Rayon Co.,
Ltd.), 0.2% by weight of an acrylic melt tension improver A

(a high-molecular-weight acrylic polymer, product name
“Metablen P370” available from Mitsubishi Rayon Co.,

Ltd.), and 0.1% by weight of a metal deactivator (IN,N'-bis
[3-(3,5-d1-t-butyl-4-hydroxyphenyl)propionyl]hydrazine,
product name “Irganox MD1024” available from BASE).
These components were mixed at room temperature for 10
minutes. Thus, an aluminum-resin mixture was prepared.
(¢) Extruding Step

The aluminum-resin mixture prepared 1n the above step
was fed mnto an extruder (model name “TEM-378S” avail-
able from Toshiba Machine Co., Ltd.). Subsequently, the
aluminum-resin mixture was extruded at an extrusion tem-
perature of 170° C. and a screw rotation speed of 150 rpm.
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The extruded aluminum-resin mixture was a noodle-like
molded product having a major axis of 2.9 mm and a minor
axis of 2.7 mm.
(d) Cutting Step

The extruded aluminum-resin mixture obtained in the
above step was cut mto 2.7 mm-long pieces by strand-cut
method.

The obtained pellet-shaped product i1s a masterbatch
according to Example 1, and a group of a plurality of the
masterbatches 1s a masterbatch group according to Example
1. FIG. 2 shows the appearance of the masterbatch group
according to Example 1. FIG. 2 1s an image of the master-
batch group according to Example 1.

Example 2 to Example 7

Masterbatches according to Example 2 to Example 7 were
produced 1n the same manner as in Example 1 except that the
masterbatch composition was changed as shown 1n Table 1.

The numbers 1n the composition shown i Table 1 rep-
resent the percentage by weight.

In Table 1, the acrylic melt tension improver B 1s a
high-molecular-weight acrylic polymer (product name
“Metablen P530” available from Mitsubish1 Rayon Co.,
Ltd.); the polypropylene resin 1s polypropylene (product
name “H-700” available from Prime Polymer Co., Ltd)
having a melt flow rate of 8.0 g/10 min (test temperature:
230° C., nominal load: 2.16 kg) and a melt tension at 190°
C. of 18.6 mN; and the high melt tension polyethylene 1s
polyethylene (product name “HI-ZEX 6200BPU” available
from Prime Polymer Co., Ltd) having a melt flow rate of 0.4
g/10 min (test temperature: 190° C., nominal load: 2.16 kg)
and melt tension at 190° C. of 83 mN.

Example 8

A masterbatch according to Example 8 was produced by
changing the aluminum paste to be prepared 1n the alumi-
num paste preparing step (a) n Example 1 as follows.

An aluminum paste containing acrylic resin-coated sur-
face-coated aluminum particles (product name “PCF7640”
available from Toyo Aluminum K.K., average particle size:
18 um, average thickness: 0.4 um) and a polyethylene glycol
at a weight ratio (aluminum particles:polyethylene glycol) of
90:10 was prepared.

Comparative Example 1

A masterbatch according to Comparative Example 1 was
produced 1n the same manner as in Example 1 except that the
masterbatch composition was changed as shown 1n Table 1.

In Table 1, the polyethylene wax 1s polyethylene (product
name “Hiwax NL900” available from Mitsu1 Chemicals,

Inc.) having a melt flow rate of 4840 g/10 min (test tem-
perature: 190° C., nominal load: 2.16 kg) and a melt

viscosity at 140° C. of 7400 mPa-s.

Comparative Example 2

A masterbatch according to Comparative Example 2 was
produced by changing the process including mixing step (b)
to the cutting step (d) in the Example 1 to the process
described below. The masterbatch composition according to
Comparative Example 2 1s the same as that according to
Comparative Example 1.
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First, the raw materials 1n proportions shown 1n Table 1
were kneaded using a universal stirrer at a heating tempera-
ture of 160° C. to produce an aluminum-resin mixture.

Subsequently, the obtained aluminum-resin mixture was
pre-crushed using a crusher, and a cylindrical pellet-shaped
product having a diameter of 2.0 mm and a length of 7.8
mm, 1.€., a masterbatch, was produced using a disk pelletizer

(model name “Disk Pelleter F60” available from Dalton Co.,
Ltd.).

The obtained cylindrical pellet-shaped product 1s the
masterbatch according to Comparative Example 2, and a
group of a plurality of the masterbatches 1s a masterbatch
group according to Comparative Example 2. FIG. 3 shows
the appearance of the masterbatch group according to Com-
parative Example 2. FIG. 3 1s an 1image of the masterbatch
group according to Comparative Example 2.
(Processability Evaluation)

The masterbatches according to Examples 1 to 8 and
Comparative Example 1 were evaluated for the processabil-

ity. The evaluation was based on the following criteria.
1. Extrusion Evaluation

Good: Extrusion can be carried out without any trouble. The
discharge state 1s stable.

Fair: Extrusion can be carried out with some trouble.
Poor: Extrusion 1s dificult to carry out and the melt cannot
be discharged from the die.

2. Strand State Evaluation

Good: Strands are strong and do not break off.
Fair: Strands are slightly weak and break ofl occasionally.

Poor: The mixture cannot be extruded into strands.

3. Cutting Evaluation

Good: Cutting hardly produces any chips, and the pellet
shape 1s uniform.

Fair: Cutting produces a small amount of chips, but the
pellet shape 1s uniform.

Poor: Cutting produces a large amount of chips, and the
pellet shape 1s not umiform.

4. Comprehensive Evaluation

Very good: All the items of the extrusion evaluation, strand
state evaluation, and cutting evaluation are rated “Good”.
Good: Two 1items out of the extrusion evaluation, strand state
evaluation, and cutting evaluation are rated “Good”, and
none of these items are rated “Poor”.

Fair: One 1item out of the extrusion evaluation, strand state
evaluation, and cutting evaluation 1s rated “Good”, and none
of these items are rated “Poor”.

Poor: None of the items of the extrusion evaluation, strand
state evaluation, and cutting evaluation are rated “Good™, or
one or more items are rated “Poor™.

The masterbatches according to Examples 1 to 3 and 8
exhibited particularly excellent processability. The master-
batches according to Example 4 to 7 exhibited excellent
processability.

In contrast, the masterbatches according to Comparative
Example 1 exhibited poor processability. The reason 1is
presumably that each masterbatch failed to have suilicient
pellet strength due to a high proportion of the wax having a
melt flow rate of more than 60 g/10 min and a melt viscosity
at 140° C. of 15 to 8000 mPa-s, and thus the specific shape
could not be maintained in the extruding step or the cutting
step.

(Melt Tension)

The masterbatches according to Examples 1 to 8 and
Comparative Example 2 were evaluated for the melt tension.
Evaluation was carried out as follows. Table 1 shows the
results.

Measuring device: capilograph (Toyo Seiki Co., Ltd.)
Capillary mnner diameter: 2.095 mm
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Capillary length: 8.0 mm
Measurement temperature: 230° C.
Extrusion rate: 100 mm/min
Haul-off speed: 3.3 m/min

The melt tension of the masterbatches according to
Examples 1 to 8 was 30 to 110 mN.

The value of the melt tension of the masterbatch indicates
that the molten masterbatch has suilicient strength and 1s
suitable for masterbatch production by extrusion.

In contrast, 1n the case of the masterbatch according to
Comparative Example 2, the molten strands were broken so
that the melt tension could not be measured.

Breakage of the molten strands indicates that the molten
masterbatch 1s weak and 1s not suitable for masterbatch
production by extrusion.

Further, 1n the case of the masterbatch 1n which the molten
strands are likely to break, the pellet shape tends to be
non-uniform and the pellet strength tends to be low. In the
case where such masterbatches are used to produce a syn-
thetic resin molded article, color unevenness easily occurs in
the synthetic resin molded article because the masterbatches
tend to be non-uniformly dispersed.

(Brightness Evaluation)

The masterbatches according to Examples 1 to 8 and
Comparative Example 2 were evaluated for the brightness.

The brightness was evaluated as follows.

First, these masterbatch groups were separately kneaded
into polyethylene resin 1n such a manner that the amount of
the aluminum component would be 1 part by weight relative
to 100 parts by weight of polyethylene resin, and a 0.5
mm-thick sheet-like synthetic resin molded article was
formed.

Subsequently, a spectrophotometer (model name
“CM3600d” produced by Konica Minolta, Inc.) was used to
measure the lightness L* of the synthetic resin molded
article. Measurement was carried out under conditions
specified 1 JIS Z 8722 and JIS Z 8729. Table 1 shows the
results.

The synthetic resin molded article using the master-
batches according to Examples 1 to 8 had higher brightness
than the synthetic resin molded article using the masterbatch
according to Comparative Example 2. The reason 1s pre-
sumably that the aluminum particles in the masterbatch
according to Comparative Example 2 were broken or bent
during masterbatch production.

(Fisheye and Gel Particle Generation Evaluation)

The masterbatches according to Examples 1 to 8 and
Comparative Example 2 were evaluated for the generation
of fisheyes and gel particles. For evaluation, an 1njection
(INJ) plate was produced with an injection molding device,
and fisheyes and gel particles were observed.

The INJ plate was produced by the following method.

First, these masterbatch groups were separately fed
together with polypropylene resin into an 1njection molding
device 1n such a manner that the amount of the aluminum
component would be 1 part by weight relative to 100 parts
by weight of polypropylene resin. The polypropylene resin

and each masterbatch group were heated at 210° C. into a
melt-kneaded mixture 1 an injection unit of the imjection
molding device. Subsequently, the melt-kneaded mixture
was 1njected from the injection unit into a die (size: 50.0x
90.0x3.0 mm) of the injection molding device. The die was
set at 30° C. and the mjected melt-kneaded mixture was
cooled and solidified. The thus-obtained molded product i1s
an INJ plate.
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The number of fisheyes and gel particles formed on the
surface of 10 INJ plates obtained by the above method was
visually checked to evaluate the generation of fisheyes and
gel particles.

The fisheyes and gel particles are semitransparent or
white spots each having a diameter of 0.1 mm or more
formed on the surface of each INJ plate. Table 1 shows the
results.

The molded articles produced using the masterbatch
groups according to Examples 1 to 8 had fewer fisheyes and
gel particles than the molded article produced using the
masterbatch group according to Comparative Example 2. In
particular, the molded article of Example 8 which had two
fisheyes and gel particles exhibited the best result among all
of the examples.

The masterbatch according to Comparative Example 2
contains a large amount of wax. The wax 1s easily oxidized.
The oxidized wax has a partially modified molecular chain,
and thus has poor compatibility with the resin and poor
diffusibility. Thus, the masterbatches will not be uniformly
dispersed during synthetic resin molded article formation,
which may cause the generation of fisheyes and gel particles
on the surface of the synthetic resin molded article.

In addition, the masterbatch production according to
Comparative Example 2 mvolves a heat-mixing step with a
universal stirrer and a pellet molding step with a disk
pelletizer. A heating treatment and a dispersion process are
carried out 1n each of these two steps. These two steps also
tacilitate oxidation of the wax and the like, which may cause
the generation of fisheyes and gel particles on the surface of
the synthetic resin molded article.

The INIJ plate produced using the masterbatch group
according to Comparative Example 2 had many fisheyes and
gel particles. The reason 1s presumably that the wax and the
like 1n the masterbatch were oxidized during masterbatch
production and during synthetic resin molded article forma-
tion due to the phenomena described above.

(Evaluation of the Shape of Aluminum Particles)

The shape of the aluminum particles in the masterbatches
according to Example 1 and Comparative Example 2 were
evaluated.

The shape of the aluminum particles was evaluated by
microscopically observing the surface of the INJ plates

produced for the fisheye and gel particle generation evalu-
ation.

FIG. 4 and FIG. § show the results. FIG. 6 shows the
shape of the aluminum particles in the aluminum paste for
comparison.

FIG. 4(a) 1s a 1000 times magnified microscopic image of
the shape of the aluminum particles 1n a synthetic resin
molded article produced using the masterbatches according
to Example 1. FIG. 4(b) 1s a 3000 times magnified image.

FI1G. 5(a) 1s a 1000 times magnified microscopic image of
the shape of the aluminum particles 1n a synthetic resin

Alumimum paste

Polyethylene glycol

Resin Polyethylene resin
Polypropylene resin
High melt tension polyethylene
Wax Maleic acid-modified polyethylene wax

Polyethylene wax
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molded article formed using the masterbatches according to
Comparative Example 2. FIG. 5(b) 1s a 3000 times magni-
fied 1mage.

FIG. 6(a) 1s a 1000 times magnified microscopic image of

the shape of the aluminum particles 1n the aluminum paste.
FIG. 6(b) 1s a 3000 times magnified image.

As 1s clear from FIG. 4(a) and FIG. 4(b), 1n the case of the
synthetic resin molded article produced using the master-
batches according to Example 1, the aluminum particles had
a uniform shape and were not agglomerated. In contrast, as
1s clear from FIG. 5(a) and FIG. 5(b), in the case of the
synthetic resin molded article produced using the master-
batches according to Comparative Example 2, the aluminum
particles were broken, had a non-uniform shape, and were
agglomerated by overlapping.

(Strength Evaluation)

The masterbatch groups according to Examples 1 to 8 and
Comparative Example 2 were evaluated for the strength.

The strength was evaluated by the following method.

First, each masterbatch group (33.3 g) was placed on a
sieve having an opening of 1000 um and an inner diameter
of 75 mm. Subsequently, the sieve was shaken by a hori-
zontal rotary sieve shaker “MVS-1"" available from AS ONE
Corporation at a frequency of 1500 rpm for 10 minutes.

Subsequently, the mass was measured for each master-
batch group after shaking to determine the mass decrease
rate of the masterbatches. Table 1 shows the results.

If cracking or chipping occurs in the masterbatches during
the shaking and fragments of the masterbatches pass through
the sieve, the mass of the masterbatch group will decrease.
In other words, 11 the masterbatches have low pellet strength
and are susceptlble to cracking or chipping, the mass
decrease rate of the masterbatches will be high.

As shown 1n Table 1, the masterbatch group of Compara-
tive Example 2 exhibited a higher mass decrease rate than
the masterbatch groups according to Examples 1 to 8. In
other words, according to the results, the masterbatches
included 1n the masterbatch group of Comparative Example
2 had low pellet strength. The reason 1s presumably that each
masterbatch failed to have suthicient pellet strength due to a
high proportion of the wax having a melt flow rate of more
than 60 g/10 min and a melt viscosity at 140° C. of 15 to
3000 mPa-s.

(Pellet Shape Variation Evaluation)

The average values and the relative standard deviation
and relative standard deviation of the major axis, minor axis,
and length of the pellets of the masterbatch groups according
to Examples 1 to 8 and Comparative Example 2 were
calculated. Table 1 shows the results.

The masterbatch groups according to Examples 1 to 8
exhibited low variation with low relative standard deviations
of the major axis, minor axis, and length of the pellets.

The masterbatch group according to Comparative
Example 2 exhibited high variation with a high relative
standard deviation of the length of the pellets while the
relative standard deviations of the major axis and the minor

axis of the pellets were low.

(L.

1

Example 1 Example 2 Example 3 Example 4 Example 5 Example 6

70.0 70.0 70.0 70.0 70.0 72.0
7.8 7.8 7.8 7.8 7.8 8.0
19.9 20.2 19.3 - 7.0 17.9
- - - - 6.8 -
- - - 21.1 6.8 -

1.0 1.0 1.0 1.0 1.0 1.0
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TABLE 1-continued

Melt tension improver Fluorine-based melt tension improver 1.0 0.7 1.5 — — 1.0
Acrylic melt tension improver A 0.2 0.2 0.3 — — —
Acrylic melt tension improver B — — — — 0.5 —
Metal deactivator 0.1 0.1 0.1 0.1 0.1 0.1
Processability Extrusion evaluation Good Good Good Good Good Good
evaluation Strand state evaluation Good Good Good Good Good Good
Cutting evaluation Good Good Good Fair Fair Fair
Comprehensive evaluation Very good Very good Very good Good Good Good
Melt tension (mN) 85 78 103 38 40 87
Brightness evaluation (L*) 77.5 77.2 77.3 77.2 77.5 77.2
Fisheye and (pleces) 4 4 4 3 4 5
Gel Particle
generation evaluation
Strength evaluation Mass decrease rate after shaking 0.0132 0.0211 0.0122 0.0275 0.0285 0.0362
the sieve (%)
Variation evaluation Average of pellet major axis (mm) 2.89 2.92 2.85 2.90 2.93 2.92
Standard deviation of pellet 0.0433 0.0538 0.0311 0.0537 0.0525 0.0388
major axis (mm)
Relative standard deviation of 1.4982 1.8424 1.0912 1.8517 1.7918 1.3288
pellet major axis (%o)
Average of pellet mimmor axis (mm) 2.68 2.70 2.72 2.68 2.71 2.70
Standard deviation of pellet 0.0404 0.0502 0.0366 0.0501 0.0490 0.0499
minor axis (Imm)
Relative standard deviation of 1.5075 1.8593 1.3456 1.8694 1.8081 1.84%81
pellet minor axis (%)
Average of pellet length (mm) 2.66 2.88 2.80 2.62 2.61 2.61
Standard deviation of pellet length (mm) 0.0490 0.0505 0.0390 0.0510 0.0450 0.0422
Relative standard deviation of 1.8421 1.7535 1.3929 1.9466 1.7241 1.6169
pellet length (%)
Comparative Comparative
Example 7 Example 8 Example 1 Example 2
Aluminum paste Aluminum particles Not surface-coated 74.0 - 70.0 70.0
Surface-coated — 70.0 — —
Polyethylene glycol 8.2 7.8 7.8 7.8
Resin Polyethylene resin 15.7 19.9 4.2 4.2
Polypropylene resin — — — —
High melt tension polyethylene — — — —
Wax Maleic acid-modified polyethylene wax 1.0 1.0 1.0 1.0
Polyethylene wax — — 16.9 16.9
Melt tension improver Fluorine-based melt tension improver 1.0 1.0 — —
Acrylic melt tension improver A - 0.2 - -
Acrylic melt tension improver B — — — —
Metal deactivator 0.1 0.1 0.1 0.1
Processability evaluation Extrusion evaluation Good Good Fair —
Strand state evaluation Good Good Poor —
Cutting evaluation Fair Good Poor —
Comprehensive evaluation Good Very good Poor —
Melt tension (mN) 90 105 — AXUnmeasurable
Brightness evaluation (L*) 77.3 77.0 - 75.2
Fisheye and Gel Particle (pieces) 5 2 — 45
generation evaluation
Strength evaluation Mass decrease rate after shaking 0.0422 0.0101 — 1.225
the sieve (%)
Variation evaluation Average of pellet major axis (mm) 2.92 2.91 — 2.01
Standard deviation of pellet 0.0452 0.0378 — 0.0511
major axis (mm)
Relative standard deviation of 1.5479 1.2990 — 2.5422
pellet major axis (%o)
Average of pellet mmor axis (mm) 2.70 2.70 — 2.01
Standard deviation of pellet 0.0489 0.0369 — 0.0512
minor axis (mim)
Relative standard deviation of 1.8111 1.3667 — 2.5473
pellet minor axis (%)
Average of pellet length (mm) 2.60 2.70 — 7.76
Standard deviation of pellet length (mm) 0.0478 0.0345 — 2.7922
Relative standard deviation 1.8385 1.2778 — 35.9820

of pellet length (%)

XUnmeasurable due to rupture of the molten strand
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REFERENCE SIGNS LIST
10 Masterbatch
11 Bottom
12 Top

The invention claimed 1s:

1. A masterbatch comprising:

aluminum particles;

a heat-resistant wetting agent; and

a resin,

wherein a ratio of the aluminum particles 1n the master-
batch 1s 1n a range from 350 to 80% by weight,

the resin 1s a polymer alloy having a melt tension at 190°
C. 1n a range from 20 to 100 mN,

the resin has a melt flow rate 1n a range from 0.2 to 60 g/10
min,

a ratio of wax having a melt flow rate 1n a range of more
than 60 g/10 min and a melt viscosity at 140° C. 1n a
range from 15 to 8000 mPa-s 1n the masterbatch 1s 1n a
range of 10% by weight or less, and

the heat-resistant wetting agent 1s one or more polyeth-
ylene glycols.

2. The masterbatch according to claim 1,

wherein the aluminum particles are surface-coated alu-
minum particles.

3. The masterbatch according to claim 1 further compris-

ing a melt tension improver.

4. The masterbatch according to claim 1,

wherein the resin comprises a high melt tension resin
having a melt tension at 190° C. 1n a range from 30 to
200 mN.

5. The masterbatch according to claim 1 further compris-

ing a metal deactivator.

6. A masterbatch group comprising a plurality of the

masterbatches according to claim 1,

wherein each masterbatch has a pellet shape,

the plurality of the masterbatches included in the master-
batch group has a relative standard deviation of a major
axis 1 a range of 5.00% or less,

the plurality of the masterbatches included in the master-
batch group has a relative standard deviation of a minor
axis 1n a range ol 5.00% or less, and

the plurality of the masterbatches included in the master-
batch group has a relative standard deviation of a length
in a range ol 5.00% or less.
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7. The masterbatch group according to claim 6,
wherein an average major axis of the plurality of the
masterbatches included in the masterbatch group 1s 1n
a range from 2.0 to 4.0 mm,
an average minor axis of the plurality of the master-
batches included in the masterbatch group is 1n a range
from 2.0 to 4.0 mm, and
an average length of the plurality of the masterbatches
included 1n the masterbatch group 1s 1n a range from 2.0
to 4.0 mm.
8. A method for producing the masterbatch according to
claim 1, the method comprising:
mixing an aluminum paste, which 1s obtained by wetting
the aluminum particles with the heat-resistant wetting
agent, with the resin having a melt flow rate 1 a range
from 0.2 to 60 g/10 min so as to produce an aluminum-
resin mixture,
wherein the aluminum-resin mixture has a ratio of the
aluminum particles 1n a range from 50 to 80% by
weight and a ratio of the wax having a melt flow rate
in a range of more than 60 g/10 min and a melt
viscosity at 140° C. of 15 to 8000 mPas 1n a range
of 10% by weight or less;
extruding the aluminum-resin mixture; and
cutting the extruded aluminum-resin mixture.
9. The method for producing the masterbatch according to
claim 8,
wherein the mixing 1s carried out without using a stirring
member.
10. The method for producing the masterbatch according
to claim 8,
wherein the mixing 1s carried out at a temperature 1n a

range of 80° C. or lower, and

the extruding i1s carried out at a temperature in a range
from 150° C. to 250° C.

11. The method for producing the masterbatch according

to claim 8,

wherein the mixing 1s carried out using surface-coated
aluminum particles as the aluminum particles.

12. A synthetic resin molded article,

wherein the synthetic resin molded article 1s produced
using the masterbatch according to claim 1.
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