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(57) ABSTRACT

The present invention provides an electromagnetic shielding
metal-coated glass fiber filler to be used as a composite with
resin, the glass fiber filler including: glass fiber; and a metal
coating in the longitudinal direction of the glass fiber,
wherein the metal coating is made of an alloy containing a
first metal consisting of zinc and a second metal consisting
of'a metal having a lower oxidation-reduction potential than
zinc (i.e., being more easily oxidized than zinc), the second
metal is at least one selected from the group consisting of
barium, strontium, calcium, magnesium, beryllium, alumi-
num, titanium, zirconium, manganese, and tantalum, and the
alloy contains the first metal in an amount of 50% by mass
or more.
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ELECTROMAGNETIC SHIELDING
METAL-COATED GLASS FIBER FILLER,
METHOD FOR MANUFACTURING
ELECTROMAGNETIC SHIELDING
METAL-COATED GLASS FIBER FILLER,
AND ELECTROMAGNETIC SHIELDING
RESIN ARTICLE

TECHNICAL FIELD

[0001] The present invention relates to an electromagnetic
shielding metal-coated glass fiber filler to be used as a
composite with resin, a method for manufacturing the filler,
and an electromagnetic shielding resin article including the
filler.

BACKGROUND ART

[0002] Metal articles for housings of electronic devices or
the like have been increasingly replaced by resin articles.
This trend has created a demand for techniques to block
electromagnetic waves with resin articles as is the case with
metal materials. As a method for imparting electromagnetic
shielding characteristics to resin materials, a method for
mixing a resin article with a conductive filler has been
suggested. For example, Patent Literatures 1 and 2 each
suggest a glass fiber that is entirely or partially coated with
aluminum in the longitudinal direction thereof, to be used as
an electromagnetic shielding glass fiber filler. Patent Litera-
tures 3 to 5 each disclose a conductive resin article including
a fiber filler. Examples of fiber include glass fiber coated
with a metal such as zinc or zinc alloy by a method such as
hot-dipping, electroless plating, vacuum deposition, or sput-
tering.

CITATION LIST
Patent Literature
Patent Literature 1: JP S61-29083 B
Patent Literature 2: JP S60-113996 A
Patent Literature 3: JP 2012-236944 A
Patent Literature 4: JP S63-20270 B
Patent Literature 5: JP H04-19720 B
SUMMARY OF INVENTION

Technical Problem

[0003] An oxidized surface of aluminum has high resis-
tance. The oxidization results in high electrical resistance at
a contact portion between aluminum surfaces. This portion
interferes with conductivity, preventing an increase in the
conductivity of resin articles containing an aluminum-
coated glass fiber filler, despite the filler content. Thus, in the
case of use of conventional aluminum-coated glass fiber as
filler applications, the filler content should be high or the
length of the fiber should be long in order to ensure the
conductivity of resin articles. These limitations put restric-
tions on the material design of resin articles (see Patent
Literatures 1 and 2). Patent Literatures 3 to 5 each suggest

Oct. 25, 2018

a metal coating having good conductivity, but a further
improvement is necessary for practical application of metal-
coated glass fiber.

[0004] In view of the situation described above, the pres-
ent invention focused on zinc that is promising in improving
the conductivity at a contact portion between metal coating
surfaces (hereinafter referred to as “contact conductivity™).
The present invention aims to provide an electromagnetic
shielding metal-coated glass fiber filler having good contact
conductivity, using a metal coating with a composition
containing zinc as a basic component. The present invention
also aims to provide a method for manufacturing the filler,
and an electromagnetic shielding resin article including the
filler.

Solution to Problem

[0005] The present invention provides an electromagnetic
shielding metal-coated glass fiber filler to be used as a
composite with resin, the glass fiber filler including: glass
fiber; and a metal coating in the longitudinal direction of the
glass fiber, wherein the metal coating is made of an alloy
containing a first metal consisting of zinc and a second metal
consisting of a metal having a lower oxidation-reduction
potential than zinc (i.e., more easily oxidized than zinc), the
second metal is at least one selected from the group con-
sisting of barium, strontium, calcium, magnesium, beryl-
lium, aluminum, titanium, zirconium, manganese, and tan-
talum, and the alloy contains the first metal in an amount of
50% by mass or more.

[0006] Inthe electromagnetic shielding metal-coated glass
fiber filler of the present invention, the metal coating is made
of an alloy containing the first metal consisting of zinc in an
amount of 50% by mass or more. Thus, the interference with
the conductivity between the fillers is reduced, improving
the contact conductivity. Thus, when used as a composite
with resin, the filler can impart electromagnetic shielding
effect to the resin.

[0007] The melting temperature of zinc is lower than the
softening point of the glass fiber. Thus, as is the case with
aluminum-coated glass fiber, it is expectedly possible to
form a metal coating on the surface of the glass fiber by
bringing the glass fiber into contact with a molten metal
while spinning the glass fiber. When zinc is melted at a
temperature close to its melting point (e.g., 500° C.) and the
glass fiber is brought into contact with a molten metal, a
zinc-coated glass fiber can be obtained. Yet, in the case of
conventional zinc-coated glass fiber, the adhesion is low
between the glass fiber and the metal coating, leaving a room
for improvement. It is possible to improve the adhesion by
melting zinc at a higher temperature (e.g., 700° C.) and
bringing the glass fiber into contact with a molten metal. Yet,
as a result of studies, the present inventors found that
melting zinc at 700° C. promotes oxidation of a molten
metal surface layer, easily causing problems, such as gen-
eration of sludge on the molten metal surface layer, and
making it difficult to efficiently produce metal-coated glass
fiber. As described above, in the case of zinc-coated glass
fiber, the adhesion between the metal coating and the glass
fiber and the productivity of the zinc-coated glass fiber
depend on the degree of the melting temperature of zinc.
[0008] In contrast, the electromagnetic shielding metal-
coated glass fiber filler of the present invention has
improved adhesion between the metal coating and the glass
fiber because the metal coating contains the first metal
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consisting of zinc and the second metal consisting of a metal
having a lower oxidation-reduction potential than zinc.
Presumably, the improvement in adhesion is associated with
an improvement in affinity between the metal coating and
oxygen in silicon oxide on the surface of the glass fiber
resulting from the presence of the metal having a lower
oxidation-reduction potential than zinc in the metal coating.
As described above, the filler coated with an alloy contain-
ing zinc as the first metal as a main component and alumi-
num, titanium and the like as the second metal has good
contact conductivity and good adhesion between the metal
coating and the glass fiber.

[0009] The method for manufacturing an electromagnetic
shielding metal-coated glass fiber filler of the present inven-
tion is a method for producing an electromagnetic shielding
metal-coated glass fiber filler to be used as a composite with
resin, the method including: melting a metal material in a
metal melting furnace to form molten metal; forming a
molten metal droplet by discharging a molten metal from an
orifice provided to the metal melting furnace for discharging
the molten metal to the outside; bringing glass fiber being
drawn out of a bushing nozzle of a glass melting furnace into
contact with the droplet; and cutting metal-coated glass
fiber, wherein the metal material contains a first metal
consisting of zinc and a second metal consisting of a metal
having a lower oxidation-reduction potential than zinc, the
second metal is at least one selected from the group con-
sisting of barium, strontium, calcium, magnesium, beryl-
lium, aluminum, titanium, zirconium, manganese, and tan-
talum, and the metal material contains the first metal in an
amount of 50% by mass or more.

[0010] In the method for manufacturing an electromag-
netic shielding metal-coated glass fiber filler of the present
invention, the melting temperature of the coating metal is
not required to be high, and the method enables efficient
production of an electromagnetic shielding metal-coated
glass fiber filler.

[0011] The electromagnetic shielding resin article of the
present invention includes the metal-coated glass fiber filler
of the present invention.

Advantageous Effects of Invention

[0012] The electromagnetic shielding metal-coated glass
fiber filler of the present invention has good contact con-
ductivity. When used as a composite with resin, the fiber
filler can impart electromagnetic shielding effect to the resin.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 (a) and FIG. 1 (b) each show a schematic
perspective view of an exemplary electromagnetic shielding
metal-coated glass fiber filler of the present invention.
[0014] FIG. 2 shows a schematic explanatory view of a
device for producing the electromagnetic shielding metal-
coated glass fiber filler of the present invention.

[0015] FIG. 3 is an expanded view of an area A shown in
FIG. 2.

DESCRIPTION OF EMBODIMENTS

[Electromagnetic Shielding Metal-Coated Glass Fiber
Filler]

[0016] The following describes examples of the electro-
magnetic shielding metal-coated glass fiber filler of the
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present invention (hereinafter also simply referred to as the
“fiber filler” or “filler”) and the method for producing the
filler, with reference to the drawings.

[0017] FIG. 1 (a) and FIG. 1 (b) each show a schematic
perspective view of an exemplary electromagnetic shielding
metal-coated glass fiber filler of the present invention.
[0018] A fiber filler 1 includes glass fiber 2 and a metal
coating 7 formed on the glass fiber 2 in the longitudinal
direction thereof. The metal coating 7 may cover the entire
surface of the glass fiber 2 in the longitudinal direction as
shown in FIG. 1(a), or may cover a portion, e.g., the half or
a quarter of the circumference, of the glass fiber in the
longitudinal direction as shown in FIG. 1 (4).

[0019] When the metal coating 7 covers the entire surface
of the glass fiber 2 in the longitudinal direction, the metal
coating has a large surface area. Thus, even higher contact
conductivity can be achieved.

[0020] When the metal coating 7 covers a portion of the
glass fiber 2 in the longitudinal direction, a portion without
the metal coating 7 is a metal-uncoated surface 21 where the
glass fiber 2 is exposed to the surface. In the case where
glass fiber is combined with resin into a resin article, it is
generally known that forming a silane coupling-treated layer
on the glass fiber can improve the adhesion between the
glass fiber and the resin, thus improving the strength of the
resin article. Thus, forming a silane coupling-treated layer
on the metal-uncoated surface 21 can improve the adhesion
between the filler 1 and resin, improving the strength of a
resin article including the filler and the rein. Meanwhile,
since the metal-coated glass fiber filler of the present inven-
tion can increase the contact conductivity, it is possible to
provide excellent conductivity, despite the presence of the
metal-uncoated surface 21. Thus, when the metal coating
covers a portion of the glass fiber, it is possible to obtain an
electromagnetic shielding resin article having improved
strength, with the electromagnetic shielding effect main-
tained.

[0021] In view of these points, the ratio (area ratio) of the
metal coating to the entire circumference of the glass fiber
is preferably 5% or more. In the case of a structure in which
the metal coating covers a portion of the glass fiber, the ratio
(area ratio) of the metal coating to the entire circumference
of the glass fiber is preferably 90% to 5%, more preferably
80% to 5%. The ratio of the metal coating to the entire
circumference of the glass fiber may be 90% to 20%, or 80%
to 30%.

<Metal Coating>

[0022] Inthe electromagnetic shielding metal-coated glass
fiber filler of the present invention, the metal coating is made
of an alloy containing zinc as the first metal and a metal
having a lower oxidation-reduction potential than zinc as the
second metal. Zinc has an oxidation-reduction potential of
-0.76 V.

(First Metal)

[0023] The first metal consists of zinc. The zinc content in
the alloy is 50% by mass or more. In the case of a fiber filler
containing an alloy having a zinc content of less than 50%
by mass, the effect of zinc to improve the contact conduc-
tivity will be small or absent, making it difficult to impart
sufficient electromagnetic shielding effect to a resin article
including such a fiber filler. In view of these points, the zinc
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content in the alloy is preferably 75% by mass or more, and
it may be 85% by mass or more. The upper limit of the zinc
content in the alloy is not particularly limited, but the zinc
content in the alloy is preferably 99.999% by mass or less,
and may be 99.99% by mass or less.

(Second Metal)

[0024] The second metal consists of a metal having a
lower oxidation-reduction potential than zinc. The second
metal may be at least one selected from the group consisting
of barium (-2.92 V), strontium (-2.89 V), calcium (-2.84
V), magnesium (-2.36 V), beryllium (-1.85 V), aluminum
(-1.68 V), titanium (-1.63 V), zirconium (-1.53 V), man-
ganese (-1.18 V), and tantalum (-0.81 V). The numerical
values in the parentheses indicate oxidation-reduction
potentials.

[0025] In particular, when hot-dip coating is performed in
an air atmosphere, the second metal is preferably a metal
having an oxidation-reduction potential of —2.5 V or higher
because a metal a having a higher oxidation-reduction
potential is less easily oxidized in air and is more easy to
handle. Examples of such metals include at least one
selected from the group consisting of magnesium (-2.36 V),
beryllium (-1.85 V), aluminum (-1.68 V), titanium (-1.63
V), zirconium (-1.53 V), manganese (-1.18 V), and tanta-
lum (-0.81 V). Examples of more preferred metals among
these include at least one selected from the group consisting
of aluminum and titanium.

[0026] The alloy constituting the metal coating preferably
contains the second metal in an amount of 0.01% by mass
or more. Surprisingly, even when the second metal is con-
tained in a trace amount, the second metal seems to be
capable of improving the adhesion between the metal coat-
ing and the glass fiber. In view of such adhesion, the second
metal content may be 0.03% by mass or more, or 0.05% by
mass or more. The alloy constituting the metal coating
preferably contains the second metal in an amount of 30%
by mass or less. If the second metal content is 30% by mass
or less, sufficient electromagnetic shielding effect seems to
be easily provided to a resin article including the fiber filler.
In view of this point, the second metal content may be 20%
by mass or less, 10% by mass or less, 5% by mass or less,
4% by mass or less, 3% by mass or less, or 1% by mass or
less. The alloy constituting the metal coating is preferably
substantially formed of the first metal and the second metal.
In this case, the alloy may contain inevitable impurities as a
third metal.

[0027] When the metal coating is made of an alloy con-
taining the first metal and the second metal, the metal
coating may cover the entire surface of the glass fiber in the
longitudinal direction or a portion of the glass fiber in the
longitudinal direction as described above (hereinafter
referred to as the first aspect).

[0028] Specifically, the electromagnetic shielding metal-
coated glass fiber filler according to the first aspect of the
present invention is an electromagnetic shielding metal-
coated glass fiber filler including: glass fiber; and a metal
coating in the longitudinal direction of the glass fiber,
wherein the metal coating is made of an alloy containing a
first metal and a second metal, and the alloy containing the
first metal in an amount of 50% by mass or more. The
electromagnetic shielding metal-coated glass fiber filler is
used as a composite with resin.

Oct. 25, 2018

[0029] In addition, there may be a case where the metal
coating is made of metal zinc. Also in this case, the metal
coating may cover the entire surface of the glass fiber in the
longitudinal direction or a portion of the glass fiber in the
longitudinal direction, as described above (hereinafter
referred to as the second aspect).

[0030] Specifically, the electromagnetic shielding metal-
coated glass fiber filler according to the second aspect of the
present invention is an electromagnetic shielding metal-
coated glass fiber filler including: glass fiber; and a metal
coating in the longitudinal direction of the glass fiber,
wherein the metal Coating is made of metal zinc, and covers
all or a portion of the surface of the glass fiber in the
longitudinal direction. The electromagnetic shielding metal-
coated glass fiber filler is used as a composite with resin. The
metal zinc may contain inevitable impurities.

[0031] As used herein, the electromagnetic shielding
metal coating fillers according to the first aspect and the
second aspect are described as the electromagnetic shielding
metal coating filler of the present invention without distinc-
tion therebetween. In the description heretofore and herein-
after, a preferred structure according to the first aspect is
similarly a preferred structure according to the second
aspect, and the “alloy” or the “zinc alloy” may be construed
as the “metal zinc”.

[0032] Inthe electromagnetic shielding metal-coated glass
fiber filler of the present invention, the volume ratio of the
glass fiber to the metal coating is preferably 5-95% by
volume of the glass fiber to 5-95% by volume of the metal
coating. A glass fiber having a volume ratio of less than 5%
by volume has a small diameter and thus tends to have poor
productivity during the production. A glass fiber having a
volume ratio of more than 95% by volume tends to make it
difficult to form the metal coating thereon. In view of these
points, the volume ratio of the glass fiber is preferably 5 to
95% by volume (5 to 95% by volume of the metal coating),
more preferably 10 to 95% by volume (5 to 90% by volume
of the metal coating), still more preferably 20 to 95% by
volume (5 to 80% by volume of the metal coating). The
volume ratio of the glass fiber may be 10 to 90% by volume
(10 to 90% by volume of the metal coating) or 20 to 90% by
volume (10 to 80% by volume of the metal coating).
[0033] Inthe electromagnetic shielding metal-coated glass
fiber filler of the present invention, the metal coating is
preferably formed by hot-dipping.

<Glass Fiber>

[0034] The glass fiber preferably has a length 0f 0.01 to 50
mm. If the length of the glass fiber is less than 0.01 mm,
even when the metal coating is made of an alloy having a
zinc content of 50% by mass or more, it will be difficult to
obtain an electromagnetic shielding resin article having
good conductivity. In contrast, if the length is more than 50
mm, an electromagnetic shielding resin article will have
poor formability. In particular, since the reason for the lower
limit is also the factor for efficient production of an elec-
tromagnetic shielding resin article including a fiber filler, the
length of the glass fiber may also be 0.5 to 50 mm. In view
of the reason for the lower limit and the reason for the upper
limit, the length of the glass fiber may also be 0.5 to 30 mm,
1t0o30 mm, 1to 15 mm, 1to 10 mm, 1 to5S mm,or1to3
mm.

[0035] The glass fiber preferably has a diameter of 1 to
100 um. Glass fiber having a diameter of less than 1 um has
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poor productivity during production because such glass fiber
easily breaks. In contrast, glass fiber having a diameter of
more than 100 um has a small surface area per unit weight.
As a result, such glass fiber has a small surface area to be
coated by an alloy, making it difficult to achieve intended
properties. In view of the reason for the lower limit and the
reason for the upper limit, the diameter of the glass fiber may
be 2 to 50 um, 2 to 30 um, or 3 to 20 pm.

[0036] The length and the diameter of the glass fiber are
preferably in the above ranges, but the filler may inevitably
contain fiber outside the above ranges. In such a case, the
filler may contain fiber outside the above ranges in an
amount up to 1% by mass.

[0037] Examples of the composition of the glass fiber
include compositions of E-glass, C-glass, S-glass, D-glass,
ECR-glass, A-glass, and AR-glass. Of these, the E-glass
composition is particularly preferred. Since the E-glass
composition contains only a small amount of alkaline com-
ponents, advantageously, it is less likely to cause alkaline
dissolution and does not much affect the resin material.

[Method for Producing Electromagnetic
Metal-Coated Glass Fiber Filler]

[0038] Specific examples of the method for producing an
electromagnetic shielding metal-coated glass fiber filler of
the present invention are described in detail below with
reference to the drawings.

[0039] FIG. 2 shows a schematic explanatory view of a
device for producing the electromagnetic shielding metal-
coated glass fiber filler of the present invention. FIG. 3 is an
expanded view of an area A shown in FIG. 2.

[0040] As shown in FIG. 2, the glass fiber 2 being drawn
out of a bushing nozzle 31 attached to the bottom of a glass
melting furnace 3 is wound up by a glass fiber winder 5. A
metal melting furnace 4 for forming the metal coating is
arranged between the bushing nozzle 31 and the winder 5,
and includes an orifice 41 on the side that comes into contact
with the glass fiber 2 for discharging molten metal to the
outside. The molten metal seeps out of the orifice 41 to form
a droplet 71 (see FIG. 3). The glass fiber 2 is pushed toward
the metal melting furnace 4 (in the direction of arrow B in
FIG. 2) by a pushing machine 6 and is brought into contact
with the droplet 71.

Shielding

<Formation of Glass Fiber>

[0041] The glass fiber 2 is formed by drawing out the glass
melt from the bushing nozzle 31 attached to the bottom of
the glass melting furnace 3 and winding up the glass melt by
the glass fiber winder 5. The bushing nozzle 31 may be made
of platinum or a platinum rhodium alloy. The diameter of the
bushing nozzle 31 for the glass melt to flow out may be
preferably about 1 to 5 mm ¢), and is appropriately adjusted
according to the desired diameter of the glass fiber. The
temperature of the glass melt to be made into fiber varies
depending on the glass composition. Yet, in the case of the
E-glass composition, the temperature is preferably adjusted
such that it is about 1100° C. to 1350° C. when the E-glass
melt passes through the bushing nozzle.

<Metal Melting Furnace>

[0042] The glass fiber 2 is coated with a metal during the
time from when it starts being drawn out of the bushing
nozzle 31 until it is wound up by the winder 5. The metal
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material of the metal coating 7 is melted in the metal melting
furnace 4 into molten metal in the metal melting furnace 4,
and molten metal is discharged from the orifice 41 formed
in a wall surface of the metal melting furnace 4. If the orifice
41 is designed to have poor wettability at its peripheral
portion with molten metal, the molten metal discharged from
the orifice 41 can easily form a dome-shaped droplet 71. As
the glass fiber 2 passes through the droplet 71, a metal-
coated glass fiber 11 which is glass fiber 2 coated with the
metal coating 7 is obtained. If the dome-shaped droplet 71
is not formed when coating the glass fiber with the metal, the
molten metal will flow out without staying around the orifice
41. Thus, preferably, the orifice 41 or the peripheral portion
of the orifice 41 has poor wettability with molten metal.
[0043] For the orifice 41 or the peripheral portion of the
orifice 41 to have poor wettability with molten metal, the
orifice is preferably formed with ceramics. Examples of the
ceramics for the orifice include alumina, zirconia, silicon
carbide, boron nitride, silicon nitride, and aluminum nitride.
[0044] The shape of the orifice 41 may be circle, ellipse,
rectangle, square, or trapezoid. During the production of the
metal-coated glass fiber 11, the glass fiber 2 may swing
perpendicularly to the moving direction in some cases. To
ensure that the metal coating is formed even in such cases,
the orifice 41 preferably has a shape such as rectangle or
ellipse extending perpendicularly to the moving direction of
the glass fiber 2.

[0045] The opening area of the orifice 41 is preferably
0.75 to 80 mm?*. If the opening area is smaller than 0.75
mm?, the molten metal will not be smoothly discharged. If
the opening area is larger than 80 mm?, an excess amount of
the molten metal will be discharged, so that the molten metal
will flow out without staying around the orifice 41. In view
of these points, the opening area of the orifice is more
preferably 3 to 60 mm?>.

[0046] The metal feed rate from the orifice 41 can be
appropriately adjusted by factors such as the shape of the
orifice 41, the distance between the orifice 41 and the liquid
level of the molten metal in the metal melting furnace 4, and
the viscosity of the molten metal. The longer the distance
between the orifice 41 and the liquid level of the molten
metal in the metal melting furnace 4, the higher the metal
feed rate; and the shorter the distance, the lower the metal
feed rate. Preferably, the viscosity of the molten metal is
appropriately adjusted because it varies greatly depending
on the type or composition of the metal.

[0047] A material of an external wall surface of the metal
melting furnace 4 with which the droplet 71 comes into
contact can be appropriately selected from materials such as
ceramics, metals, glass, and carbon, according to the tem-
perature of the metal to be melted. Examples of the ceramics
include alumina, zirconia, silicon carbide, boron nitride,
silicon nitride, and aluminum nitride.

[0048] The metal melting furnace 4 can be appropriately
heated using a heater or the like. The temperature inside the
metal melting furnace needs to be higher than the melting
point of the metal to be melted. Higher heating temperatures
of the metal melting furnace tend to result in improved
adhesion between the glass fiber 2 and the metal coating 7
(Reason 1). Meanwhile, if the heating temperature of the
metal melting furnace is too high, generation of sludge is
likely to occur on the upper surface of the molten metal,
depending on the composition of the metal, reducing the
productivity of the metal-coated glass fiber (Reason 2). In
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addition, the metal melting furnace will need to use heat-
resistant materials, which makes the metal melting furnace
expensive (Reason 3). In view of Reasons 1 to 3, the
temperature inside the metal melting furnace is preferably
400° C. to 1000° C. In addition, for Reasons 2 and 3, it is
not desirable if the temperature inside the metal melting
furnace is too high. Thus, the upper limit of the temperature
inside the metal melting furnace may be 850° C., preferably
750° C., more preferably 600° C., still more preferably 550°
C. Meanwhile, if the temperature inside the metal melting
furnace is low, it may take time to melt the metal materials,
so that the lower limit of the temperature inside the metal
melting furnace may be 450° C.

[0049] In addition, if the molten metal contains a material
such as aluminum or titanium, a passivation film will be
formed on the upper surface of the molten metal. Thus, even
if the temperature inside the metal melting furnace is high,
generation of sludge on the upper surface of the molten
metal is less likely to occur, thus facilitating the production
of the metal-coated glass fiber filler. In this view, the metal
coating preferably contains at least one selected from the
group consisting of aluminum and titanium. In the case
where the metal coating contains at least one selected from
the group consisting of aluminum and titanium, in order to
enhance the adhesion between the metal coating and the
glass fiber, the temperature inside the metal melting furnace
may be 600° C. to 800° C. for Reason 1.

<Coating of Glass Fiber with a Metal>

[0050] The glass fiber 2 passes by the metal melting
furnace 4 while it is wound up by the winder 5. The glass
fiber 2 is pushed against the droplet 71 from the metal
melting furnace 4, whereby the metal coating 7 is formed on
the glass fiber 2. Thus, the metal-coated glass fiber 11 is
obtained. Here, the pushing machine 6 may be moved to
move the glass fiber 2 toward the metal melting furnace 4 (in
the direction of arrow B in FIG. 2) so as to push the glass
fiber 2 in the central direction of the droplet 71; or the metal
melting furnace 4 may be moved toward the glass fiber 2 to
push the glass fiber 2 in the central direction of the droplet
71.

[0051] The amount of molten metal per unit time neces-
sary to form the metal coating on the glass fiber varies
depending on the diameter of the glass fiber (R: um), the
metal coating thickness (t: pum), the winding speed (s:
m/min), and the specific gravity of the coating metal (p:
g/cm?). Thus, the metal feed rate (M: g/min) into the orifice
41 can be estimated by the following formula (i):

M=(Rxtxnxsxp)x1076 (1).

[0052] For example, as production conditions of glass
fiber including a metal coating having a thickness of 1.0 pm,
when the diameter of the glass fiber is 28 um and the
winding speed is 290 m/min, the ideal metal feed rate is 0.18
g/min as calculated from the formula (i). Yet, in order to
form a metal coating with stability for a long period of time,
the actual metal feed rate tends to be higher than as calcu-
lated.

[0053] The speed of the glass fiber 2 passing by the metal
melting furnace 4 can be adjusted by the winding speed of
the winder 5. The speed is preferably 100 to 5000 m/min.
The winding speed also affects the diameter of the glass
fiber, and is thus determined in view of the shape design of
the metal-coated glass fiber. If the winding speed is lower
than 100 m/min, the fiber diameter will be greater than 60
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pm. If the winding speed is higher than 5000 m/min,
breakage of the glass fiber occurs frequently, reducing the
productivity of the glass fiber during production.

[0054] In the case where the pushing machine 6 is used,
the pushing machine 6 and the glass fiber 2 are initially
placed apart from each other. The pushing machine 6
includes a moving mechanism. The moving mechanism
moves the pushing machine 6 to adjust the passing position
of the glass fiber 2 such that it comes into contact with the
dome-shaped droplet 71 formed on the orifice 41. The
pushing machine is provided to determine the passing posi-
tion of the glass fiber. The pushing machine is not particu-
larly limited as long as it includes a moving mechanism that
can be stably operated and is made using a heat-resistant
material with a smooth surface.

[0055] Examples of the moving mechanism of the pushing
machine include a stage with a bi- or multiaxial fine adjust-
ment mechanism, and a robot with bi- or multiaxial moving
mechanism. Examples of the heat-resistant material with a
smooth surface include ceramics, graphite, and surface-
polished metal. The material with a smooth surface func-
tions as a guide capable of allowing the glass fiber 2 to pass
therethrough when spinning of the glass fiber 2 starts, and
also capable of maintaining the positional relationship
between the glass fiber 2 and the droplet 71 formed on the
orifice 41 during the formation of the metal coating. Thus,
a preferred form of the material with a smooth surface is an
article with a hole, a comb-shaped article, a plate with a
groove, or a rod.

[0056] As for the article with a hole, examples of the shape
of the hole include circle, ellipse, rectangle, square, and
trapezoid. Alternatively, a portion of the periphery of the
hole may be cut to forma groove. The opening area of the
article with a hole is preferably 0.2 to 20 mm?. If the opening
area is smaller than 0.2 mm?, it will be difficult to allow the
glass fiber 2 to pass through the hole when spinning of the
glass fiber 2 starts. In contrast, if the opening area is larger
than 20 mm? the passing position of the glass fiber 2 tends
to be unstable, so that it will be difficult to maintain the
positional relationship between the glass fiber 2 and the
droplet 71 of the molten metal. In view of these points, the
opening area is more preferably 0.8 to 7 mm?.

[0057] The length of teeth of the comb-shaped article is
preferably 0.1 to 100 mm. If the teeth are shorter than 0.1
mm, it will be difficult for the comb-shaped article to guide
the course of the glass fiber. If the teeth are longer than 100
mm, the teeth will be easily breakable. In view of these
points, the length of the teeth is more preferably 1 to 100
mm. Use of a comb-shaped article as the pushing machine
makes it easy to guide several strands of glass fiber through
their courses.

[0058] The pushing machine may be disposed not only at
the lower side but also the upper side of the metal melting
furnace. The pushing machine may be disposed at either or
both the upper side and the lower side of the metal melting
furnace. In particular, it is more preferred to dispose the
pushing machine at both the upper side and the lower side
of the metal melting furnace because the glass fiber 2 can be
precisely pushed against the droplet 71.

<Cutting of the Metal-Coated Glass Fiber>

[0059] The metal-coated glass fiber 11 is cut into a pre-
determined length, whereby the metal-coated glass fiber
filler 1 can be obtained. Several strands of the metal-coated
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glass fiber 11 may be gathered into a bundle, and the bundle
of strands of the metal-coated glass fiber 11 may be cut to
give the metal-coated glass fiber filler 1 including a bundle
of several strands of the glass fiber. When the filler 1 is
formed of a bundle of strands, the fiber is less likely to be
fluffy or loose, thus facilitating the production of a resin
article including the metal-coated glass fiber filler 1 with
good quality. A bundle of strands of the metal-coated glass
fiber may be formed on-line during spinning or off-line after
spinning. The metal-coated glass fiber can be cut by a known
method, such as using a cutting machine. A machine such as
a direct chopper may be used instead of the winder 5 to cut
the metal-coated glass fiber 11 on-line during spinning to
produce the metal-coated glass fiber filler 1.

[Electromagnetic Shielding Resin Article]

[0060] The electromagnetic shielding metal-coated glass
fiber filler of the present invention can be formed into a
composite with resin to give an electromagnetic shielding
resin article. Any known resin can be used to form a
composite with the electromagnetic shielding metal-coated
glass fiber filler of the present invention. Examples thereof
include thermoplastic resins such as low density polyethyl-
ene, high density polyethylene, polypropylene, polyvinyl
chloride, polystyrene, methacrylic resin, ABS resin, metal-
locene resin, polyamide, polyacetal, polycarbonate, poly-
phenylene ether, polyethylene terephthalate, polybutylene
terephthalate, liquid crystal polymers, polyphenylene sul-
fide, polyimide, polyether sulfone, polyether ether ketone,
and fluororesin; thermosetting resins such as epoxy resin,
silicone resin, phenolic resin, unsaturated polyester resin,
and polyurethane; rubber; and elastomer.

[0061] The electromagnetic shielding resin article may
contain the electromagnetic shielding metal-coated glass
fiber filler of the present invention in an amount of 0.01 to
30% by volume. The electromagnetic shielding metal-
coated glass fiber filler of the present invention has good
contact conductivity between the fiber fillers, i.e., between
the metal coating surfaces, thus the metal-coated glass fiber
filler content is preferably 10% by volume or less, more
preferably 7% by volume or less.

[0062] The metal-coated glass fiber filler can be formed
into a composite with resin by a known kneading method
using a known device, according to the characteristics of the
resin for the composite. If the resin is thermoplastic, a heat
melting kneader is preferably used. For example, a device
such as a monoaxial kneader, a biaxial kneader, a monoaxial
kneading extruder, a biaxial kneading extruder, or a kneader
or mixer provided with a heater may be used. An electro-
magnetic shielding resin article as a kneaded product of the
metal-coated glass fiber filler and the resin can be molded by
a known molding method, according to the characteristics
and shape of the composite. If the resin is thermoplastic, a
method such as injection molding or blow molding may be
used. If the resin is thermosetting, a method such as hand
lay-up molding, spray-up molding, pultrusion molding,
SMC method, BMC method, or transfer molding may be
used. Since the electromagnetic shielding metal-coated glass
fiber filler of the present invention has good contact con-
ductivity between metal coating surfaces, even when the
fiber length is 50 mm or less, the resin can be imparted with
good electromagnetic shielding effect. In view of this point,
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even a method such as injection molding that is not suitable
for resin articles including long fiber can be favorably used
for molding.

[0063] The molded composite (electromagnetic shielding
resin article including the electromagnetic shielding metal-
coated glass fiber filler) can be used for components of
automobiles and electronic devices or for chassis or hous-
ings. Since the composite includes the metal-coated glass
fiber filler, it can block electromagnetic waves to prevent or
reduce interference by noise from electromagnetic waves,
malfunction of equipment, or health risks from electromag-
netic waves.

EXAMPLES

[0064] The present invention is more specifically
described below with reference to examples and compara-
tive examples, but the present invention is not limited to
these examples. Metal-coated glass fiber fillers obtained in
these examples were evaluated by the following methods.
[0065] (1) Measurement of the diameter of the glass fiber,
the proportion of the metal in the fiber, the ratio of the metal
coating to the entire circumference of the glass fiber, and
calculation of the fiber specific gravity

[0066] The metal-coated glass fiber 11 produced was cut
using a fiber cleaver (PK-12 available from Photon Kinet-
ics), and cross sections were observed under a field emission
scanning electron microscope (S-4500 available from
Hitachi, [.td.). A cross-sectional image of the fiber was used
to observe the diameter of the glass fiber and the ratio of the
metal coating to the entire circumference of the glass fiber.
The cross-sectional image of the fiber was also used to
measure the area ratio of the glass to the metal to determine
the proportion of the metal in the fiber. The fiber specific
gravity was calculated from the proportion of the metal in
the fiber and the specific gravity of each metal and the glass
(zinc: 7.1 g/em?, aluminum: 2.7 g/cm?, titanium: 4.5 g/cm?,
E-glass: 2.5 g/cm?).

[0067] (2) Contact Conductivity of the Metal-Coated
Glass Fiber Filler

[0068] The metal-coated glass fiber 11 was cut into lengths
of 1 mm, 3 mm, and 30 mm. Each piece was regarded as the
metal-coated glass fiber filler 1. For each of the examples
and the comparative examples, the metal-coated glass fiber
filler was weighed into a cylindrical container (diameter: 17
mm; height: 8 mm) made of an insulating material such that
the filler volume was 200 mm” to fill the container with the
filler. The packing of the metal-coated glass fiber filler in the
cylindrical container simulates a metal-coated glass fiber
filler in an amount of 11% by volume contained in a resin
article.

[0069] A positive electrode and a negative electrode of a
tester were inserted into the packing of the metal-coated
glass fiber filler in the container with a gap of 17 mm
between the electrodes to measure the electrical resistance of
the packing for evaluation of the contact conductivity. The
electromagnetic shielding effect of the resin article depends
on the electrical conductivity of the resin article, and the
electrical conductivity largely depends on the contact con-
ductivity of the metal-coated glass fiber filler.

[0070] According to the evaluation, the glass fiber filler
having an electrical resistance of less than 1€2 is considered
to be an excellent electromagnetic shielding metal-coated
glass fiber filler having good contact conductivity.
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[0071] In addition, some samples (Examples 4, 5, 12, 15,
and 21) were additionally subjected to a moisture resistance
test in an atmosphere at a temperature of 80° C. and a
relative humidity (PH) of 95% for 24 hours or 48 hours to
measure the electrical resistance again after the test.

[0072] (3) Adhesion Between the Metal Coating and the
Glass Fiber
[0073] The metal-coated glass fiber filler was crushed by

manually rotating a pestle in a mortar to observe peeling
between the metal coating and the glass under an optical
microscope. When no peeling was observed in the filler after
crushing by rotating the pestle 10 times, such filler was
regarded as having good adhesion between the metal coating
and the glass fiber.

Example 1

[0074] In the glass melting furnace 3, glass having an
E-glass composition was melted at 1150° C. The glass fiber
2 was drawn out of the nozzle 31, passed through the
graphite pushing machine 6 including an orifice having a
diameter of 3.0 mm ¢, and wound up by the winder 5. The
winding speed of the winder 5 was adjusted such that the
speed of the glass fiber 2 passing by the metal melting
furnace 4 was 290 m/min. In order to produce the metal
coating 7 made of an alloy of zinc (90% by mass) and
aluminum (10% by mass), a mixture of pure zinc with a
purity of 99.9% (90% by mass) and pure aluminum with a
purity of 99.7% (10% by mass) was used as a raw material
to obtain a molten metal; the melting temperature inside the
metal melting furnace was 700° C.; and the metal feed rate
was 1.22 g/min.

[0075] After the winder 5 started winding up the glass
fiber 2, an XY stage was used to push out the graphite
pushing machine 6 in the direction of arrow B in FIG. 2 to
adjust the passing position of the glass fiber 2 to a position
of'the droplet 71 formed on the orifice 41, and then the glass
fiber 2 was pushed into the droplet 71. Thus, the metal-
coated glass fiber 11 was obtained.

[0076] The operation to obtain the metal-coated glass fiber
11 was performed for 10 minutes, and the metal-coated glass
fiber 11 obtained by this operation was subjected to the
evaluations (1) to (3) described above, and was evaluated as
the metal-coated glass fiber filler 1. In the resultant metal-
coated glass fiber 11, the glass fiber 2 had a fiber diameter
of 28 um. Table 1 shows other results. In the resultant filler
1, the ratio of the metal coating to the entire circumference
of the glass fiber was 40%, and the filler included the
metal-uncoated surface 21. Yet, surprisingly, the filler exhib-
ited a good result in the evaluation (2), and was found to be
an excellent electromagnetic shielding metal-coated glass
fiber filler. In the evaluation (3), the adhesion between the
metal coating and the glass fiber was found to be good. In
this example, no sludge was observed on the molten metal
even when the operation to obtain the metal-coated glass
fiber 11 was performed for one hour.

Example 2

[0077] The metal-coated glass fiber 11 was produced in
the same manner as in Example 1, except that in order to
produce the metal coating 7 made of an alloy of zinc (80%
by mass) and aluminum (20% by mass), a mixture of pure
zinc with a purity of 99.9% (80% by mass) and pure
aluminum with a purity of 99.7% (20% by mass) was used
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as a raw material to obtain a molten metal; the melting
temperature inside the metal melting furnace was 700° C.;
and the metal feed rate was 1.12 g/min. Subsequently, the
metal-coated glass fiber 11 was subjected to the evaluations
(1) to (3), and was evaluated as the metal-coated glass fiber
filler 1. In the resultant metal-coated glass fiber 11, the glass
fiber 2 had a fiber diameter of 28 pm. Table 1 shows other
results. In the resultant filler 1, the ratio of the metal coating
to the entire circumference of the glass fiber was 40%, and
the filler included the metal-uncoated surface 21. Yet, sur-
prisingly, the filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In this example, no sludge was
observed on the molten metal even when the operation to
obtain the metal-coated glass fiber 11 was performed for one
hour.

Example 3

[0078] The metal-coated glass fiber 11 was produced in
the same manner as in Example 1, except that in order to
produce the metal coating 7 made of an alloy of zinc (70%
by mass) and aluminum (30% by mass), a mixture of pure
zinc with a purity of 99.9% (70% by mass) and pure
aluminum with a purity of 99.7% (30% by mass) was used
as a raw material to obtain a molten metal; the melting
temperature inside the metal melting furnace was 700° C.;
and the metal feed rate was 1.07 g/min. Subsequently, the
metal-coated glass fiber 11 was subjected to the evaluations
(1) to (3), and was evaluated as the metal-coated glass fiber
filler 1. In the resultant metal-coated glass fiber 11, the glass
fiber 2 had a fiber diameter of 28 pm. Table 1 shows other
results. In the resultant filler 1, the ratio of the metal coating
to the entire circumference of the glass fiber was 40%, and
the filler included the metal-uncoated surface 21. Yet, sur-
prisingly, the filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In this example, no sludge was
observed on the molten metal even when the operation to
obtain the metal-coated glass fiber 11 was performed for one
hour.

Example 4

[0079] In the glass melting furnace 3, glass having an
E-glass composition was melted at 1250° C., and the wind-
ing speed of the winder 5 was adjusted such that the speed
of the glass fiber 2 passing by the metal melting furnace 4
was 1000 m/min. The metal-coated glass fiber 11 was
produced in the same manner as in Example 1, except that
in order to produce the metal coating 7 made of an alloy of
zinc (99.9% by mass) and aluminum (0.1% by mass), a
mixture of pure zinc with a purity of 99.99% (99.9% by
mass) and pure aluminum with a purity of 99.7% (0.1% by
mass) was used as a raw material to obtain a molten metal;
the melting temperature inside the metal melting furnace
was 700° C.; and the metal feed rate from the orifice 41 was
0.96 g/min. Subsequently, the metal-coated glass fiber 11
was subjected to the evaluations (1) to (3), and was evalu-
ated as the metal-coated glass fiber filler 1. In the resultant
metal-coated glass fiber 11, the glass fiber 2 had a fiber
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diameter of 13 um. Table 1 shows other results. In the
resultant filler 1, the ratio of the metal coating to the entire
circumference of the glass fiber was 40%, and the filler
included the metal-uncoated surface 21. Yet, surprisingly,
the filler exhibited a good result in the evaluation (2), and
was found to be an excellent electromagnetic shielding
metal-coated glass fiber filler. In the evaluation (3), the
adhesion between the metal coating and the glass fiber was
found to be good. In this example, no sludge was observed
on the molten metal even when the operation to obtain the
metal-coated glass fiber 11 was performed for one hour.

Example 5

[0080] The metal-coated glass fiber 11 was produced in
the same manner as in Example 4, except that in order to
produce the metal coating 7 made of an alloy of zinc (99.5%
by mass) and aluminum (0.5% by mass), a mixture of pure
zinc with a purity of 99.99% (99.5% by mass) and pure
aluminum with a purity of 99.7% (0.5% by mass) was used
as a raw material to obtain a molten metal. Subsequently, the
metal-coated glass fiber 11 was subjected to the evaluations
(1) to (3), and was evaluated as the metal-coated glass fiber
filler 1. In the resultant metal-coated glass fiber 11, the glass
fiber 2 had a fiber diameter of 13 pm. Table 1 shows other
results. In the resultant filler 1, the ratio of the metal coating
to the entire circumference of the glass fiber was 100%.
[0081] The filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In this example, no sludge was
observed on the molten metal even when the operation to
obtain the metal-coated glass fiber 11 was performed for one
hour.

Example 6

[0082] The metal-coated glass fiber 11 was produced in
the same manner as in Example 5, except that the metal was
melted at 500° C. Subsequently, the metal-coated glass fiber
11 was subjected to the evaluations (1) to (3), and was
evaluated as the metal-coated glass fiber filler 1. In the
resultant metal-coated glass fiber 11, the glass fiber 2 had a
fiber diameter of 13 um. Table 1 shows other results. In the
resultant filler 1, the ratio of the metal coating to the entire
circumference of the glass fiber was 100%.

[0083] The filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In this example, no sludge was
observed on the molten metal even when the operation to
obtain the metal-coated glass fiber 11 was performed for one
hour.

Examples 7 to 10

[0084] In each of these examples, the metal-coated glass
fiber 11 was produced in the same manner as in Example 6,
except that the proportion of the metal in the fiber and the
ratio of the metal coating to the entire circumference of the
glass fiber were changed to the values shown in Table 1.
Subsequently, the metal-coated glass fiber 11 was subjected
to the evaluations (1) to (3), and was evaluated as the
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metal-coated glass fiber filler 1. In the resultant metal-coated
glass fiber 11, the glass fiber 2 had a fiber diameter of 13 pm.
Table 1 shows other results.

[0085] Each of these fillers exhibited a good result in the
evaluation (2), and was found to be an excellent electro-
magnetic shielding metal-coated glass fiber filler. In the
evaluation (3), the adhesion between the metal coating and
the glass fiber was found to be good. In each of these
examples, no sludge was observed on the molten metal even
when the operation to obtain the metal-coated glass fiber 11
was performed for one hour.

Example 11

[0086] The metal-coated glass fiber 11 was produced in
the same manner as in Example 6, except that in order to
produce the metal coating 7 made of an alloy of zinc (97%
by mass) and aluminum (3% by mass), a mixture of pure
zinc with a purity of 99.99% (97% by mass) and pure
aluminum with a purity of 99.7% (3% by mass) was used as
a raw material to obtain a molten metal; and the metal feed
rate was 0.94 g/min. Subsequently, the metal-coated glass
fiber 11 was subjected to the evaluations (1) to (3), and was
evaluated as the metal-coated glass fiber filler 1. In the
resultant metal-coated glass fiber 11, the glass fiber 2 had a
fiber diameter of 13 um. Table 1 shows other results. In the
resultant filler 1, the ratio of the metal coating to the entire
circumference of the glass fiber was 100%.

[0087] The filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In this example, no sludge was
observed on the molten metal even when the operation to
obtain the metal-coated glass fiber 11 was performed for one
hour.

Example 12

[0088] In the glass melting furnace 3, glass having an
E-glass composition was melted at 1250° C., and the wind-
ing speed of the winder 5 was adjusted such that the speed
of the glass fiber 2 passing by the metal melting furnace 4
was 1000 m/min. The metal-coated glass fiber 11 was
produced in the same manner as in Example 1, except that
in order to produce the metal coating 7 made of an alloy of
zinc (99.9% by mass) and titanium (0.1% by mass), a
mixture of pure zinc with a purity of 99.99% (99.9% by
mass) and pure titanium with a purity of 99.9% (0.1% by
mass) was used as a raw material to obtain a molten metal;
the melting temperature inside the metal melting furnace
was 500° C.; and the metal feed rate from the orifice 41 was
0.70 g/min. Subsequently, the metal-coated glass fiber 11
was subjected to the evaluations (1) to (3), and was evalu-
ated as the metal-coated glass fiber filler 1. In the resultant
metal-coated glass fiber 11, the glass fiber 2 had a fiber
diameter of 13 um. Table 1 shows other results. In the
resultant filler 1, the ratio of the metal coating to the entire
circumference of the glass fiber was 40%, and the filler
included the metal-uncoated surface 21. Yet, surprisingly,
the filler exhibited a good result in the evaluation (2), and
was found to be an excellent electromagnetic shielding
metal-coated glass fiber filler. In the evaluation (3), the
adhesion between the metal coating and the glass fiber was
found to be good. In this example, no sludge was observed
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on the molten metal even when the operation to obtain the
metal-coated glass fiber 11 was performed for one hour.

Example 13

[0089] The metal-coated glass fiber 11 was produced in
the same manner as in Example 12, except that in order to
produce the metal coating 7 made of an alloy of zinc (99.8%
by mass) and titanium (0.2% by mass), a mixture of pure
zinc with a purity of 99.99% (99.8% by mass) and pure
titanium with a purity of 99.9% (0.2% by mass) was used as
a raw material to obtain a molten metal. Subsequently, the
metal-coated glass fiber 11 was subjected to the evaluations
(1) to (3), and was evaluated as the metal-coated glass fiber
filler 1. In the resultant metal-coated glass fiber 11, the glass
fiber 2 had a fiber diameter of 13 pm. Table 1 shows other
results. In the resultant filler 1, the ratio of the metal coating
to the entire circumference of the glass fiber was 40%, and
the filler included the metal-uncoated surface 21. Yet, sur-
prisingly, the filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In this example, no sludge was
observed on the molten metal even when the operation to
obtain the metal-coated glass fiber 11 was performed for one
hour.

Example 14

[0090] The metal-coated glass fiber 11 was produced in
the same manner as in Example 12, except that in order to
produce the metal coating 7 made of an alloy of zinc (99.7%
by mass) and titanium (0.3% by mass), a mixture of pure
zinc with a purity of 99.99% (99.7% by mass) and pure
titanium with a purity of 99.9% (0.3% by mass) was used as
a raw material to obtain a molten metal. Subsequently, the
metal-coated glass fiber 11 was subjected to the evaluations
(1) to (3), and was evaluated as the metal-coated glass fiber
filler 1. In the resultant metal-coated glass fiber 11, the glass
fiber 2 had a fiber diameter of 13 pm. Table 1 shows other
results. In the resultant filler 1, the ratio of the metal coating
to the entire circumference of the glass fiber was 40%, and
the filler included the metal-uncoated surface 21. Yet, sur-
prisingly, the filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In this example, no sludge was
observed on the molten metal even when the operation to
obtain the metal-coated glass fiber 11 was performed for one
hour.

Example 15

[0091] The metal-coated glass fiber 11 was produced in
the same manner as in Example 12, except that in order to
produce the metal coating 7 made of an alloy of zinc (99.5%
by mass) and titanium (0.5% by mass), a mixture of pure
zinc with a purity of 99.99% (99.5% by mass) and pure
titanium with a purity of 99.9% (0.5% by mass) was used as
a raw material to obtain a molten metal. Subsequently, the
metal-coated glass fiber 11 was subjected to the evaluations
(1) to (3), and was evaluated as the metal-coated glass fiber
filler 1. In the resultant metal-coated glass fiber 11, the glass
fiber 2 had a fiber diameter of 13 pm. Table 1 shows other
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results. In the resultant filler 1, the ratio of the metal coating
to the entire circumference of the glass fiber was 40%.
[0092] The filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In this example, no sludge was
observed on the molten metal even when the operation to
obtain the metal-coated glass fiber 11 was performed for one
hour.

Examples 16 to 19

[0093] In each of these examples, the metal-coated glass
fiber 11 was produced in the same manner as in Example 15,
except that the proportion of the metal in the fiber and the
ratio of the metal coating to the entire circumference of the
glass fiber were changed to the values as shown in Table 1.
Subsequently, the metal-coated glass fiber 11 was subjected
to the evaluations (1) to (3), and was evaluated as the
metal-coated glass fiber filler 1. In the resultant metal-coated
glass fiber 11, the glass fiber 2 had a fiber diameter of 13 pm.
Table 1 shows other results.

[0094] Each filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In each of these examples, no sludge
was observed on the molten metal even when the operation
to obtain the metal-coated glass fiber 11 was performed for
one hour.

Example 20

[0095] The metal-coated glass fiber 11 was produced in
the same manner as in Example 12, except that in order to
produce the metal coating 7 made of an alloy of zinc (99.0%
by mass) and titanium (1.0% by mass), a mixture of pure
zinc with a purity of 99.99% (99.0% by mass) and pure
titanium with a purity of 99.9% (1.0% by mass) was used as
a raw material to obtain a molten metal; and the metal was
melted at 700° C. Subsequently, the metal-coated glass fiber
11 was subjected to the evaluations (1) to (3), and was
evaluated as the metal-coated glass fiber filler 1. In the
resultant metal-coated glass fiber 11, the glass fiber 2 had a
fiber diameter of 13 um. Table 1 shows other results. In the
resultant filler 1, the ratio of the metal coating to the entire
circumference of the glass fiber was 40%.

[0096] The filler exhibited a good result in the evaluation
(2), and was found to be an excellent electromagnetic
shielding metal-coated glass fiber filler. In the evaluation (3),
the adhesion between the metal coating and the glass fiber
was found to be good. In this example, no sludge was
observed on the molten metal even when the operation to
obtain the metal-coated glass fiber 11 was performed for one
hour.

Example 21

[0097] Glass having an E-glass composition was melted in
the glass melting furnace 3 at 1250° C., and the winding
speed of the winder 5 was adjusted such that the speed of the
glass fiber 2 passing by the metal melting furnace 4 was
1000 m/min. The metal-coated glass fiber 11 was produced
in the same manner as in Example 1, except that in order to
produce the metal coating 7 made of an alloy of zinc
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(99.45% by mass), aluminum (0.05% by mass), and titanium
(0.5% by mass), a mixture of pure zinc with a purity of
99.99% (99.45% by mass), pure aluminum with a purity of
99.7% (0.05% by mass), and pure titanium with a purity of
99.9% (0.5% by mass) was used as a raw material to obtain
a molten metal; the melting temperature inside the metal
melting furnace was 600° C.; and the metal feed rate from
the orifice 41 was 0.67 g/min. Subsequently, the metal-
coated glass fiber 11 was subjected to the evaluations (1) to
(3), and was evaluated as the metal-coated glass fiber filler
1. In the resultant metal-coated glass fiber 11, the glass fiber
2 had a fiber diameter of 13 um. Table 1 shows other results.
In the resultant filler 1, the ratio of the metal coating to the
entire circumference of the glass fiber was 80%, and the
filler included the metal-uncoated surface 21. Yet, the filler
exhibited a good result in the evaluation (2), and was found
to be an excellent electromagnetic shielding metal-coated
glass fiber filler. In the evaluation (3), the adhesion between
the metal coating and the glass fiber was found to be good.
In this example, no sludge was observed on the molten metal
even when the operation to obtain the metal-coated glass
fiber 11 was performed for one hour.

Comparative Example 1

[0098] The metal-coated glass fiber 11 was produced in
the same manner as in Example 1, except that in order to
produce the metal coating 7 made of aluminum, pure alu-
minum with a purity of 99.7% was used as a raw material to
obtain a molten metal; the melting temperature inside the
metal melting furnace was 700° C.; and the metal feed rate
was 0.49 g/min. Subsequently, the metal-coated glass fiber
11 was subjected to the evaluations (1) to (3), and was
evaluated as the metal-coated glass fiber filler 1. In the
resultant metal-coated glass fiber 11, the glass fiber 2 had a
fiber diameter of 28 um. Table 1 shows other results. In the
resultant filler 1, the ratio of the metal coating to the entire
circumference of the glass fiber was 40%.

[0099] According to the result of the evaluation (2), the
electrical resistance was 1Q or higher. This indicates that the
resultant filler 1 had lower contact conductivity than the
fillers of Examples 1 to 21. In the evaluation (3), the
adhesion between the metal coating and the glass fiber was
good, and no peeling was observed between the metal
coating and the glass fiber. No sludge was observed on the
molten metal even when the operation to obtain the metal-
coated glass fiber 11 was performed for one hour.

Comparative Example 2

[0100] The metal-coated glass fiber 11 was produced in
the same manner as in Example 1, except that in order to
produce the metal coating 7 made of an alloy of zinc (10%
by mass) and aluminum (90% by mass), a mixture of pure
zinc with a purity of 99.9% (10% by mass) and pure
aluminum with a purity of 99.7% (90% by mass) was used
as a raw material to obtain a molten metal; the melting
temperature inside the metal melting furnace was 700° C.;
and the metal feed rate was 0.57 g/min. Subsequently, the
metal-coated glass fiber 11 was subjected to the evaluations
(1) to (3), and was evaluated as the metal-coated glass fiber
filler 1. In the resultant metal-coated glass fiber 11, the glass
fiber 2 had a fiber diameter of 28 pm. Table 1 shows other
results. In the resultant filler 1, the ratio of the metal coating
to the entire circumference of the glass fiber was 40%.
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[0101] According to the result of the evaluation (2), the
electrical resistance was 1€ or higher. This indicates that the
resultant filler 1 had lower contact conductivity than the
fillers of Examples 1 to 21. In the evaluation (3), the
adhesion between the metal coating and the glass fiber was
good, and no peeling was observed between the metal
coating and the glass fiber. No sludge was observed on the
molten metal even when the operation to obtain the metal-
coated glass fiber 11 was performed for one hour.

Reference Example 1

[0102] The metal-coated glass fiber 11 was produced in
the same manner as in Example 1, except that in order to
produce the metal coating 7 made of zinc, pure zinc with a
purity of 99.9% was used as a raw material to obtain a
molten metal; the melting temperature inside the metal
melting furnace was 700° C.; and the metal feed rate was
1.28 g/min. Subsequently, the metal-coated glass fiber 11
was subjected to the evaluations (1) to (3), and was evalu-
ated as the metal-coated glass fiber filler 1. In the resultant
metal-coated glass fiber 11, the glass fiber 2 had a fiber
diameter of 28 um. Table 1 shows other results. In the
resultant filler 1, the ratio of the metal coating to the entire
circumference of the glass fiber was 40%.

[0103] According to the result of the evaluation (2), the
contact conductivity was good. According to the result of the
evaluation (3), the adhesion between the metal coating and
the glass fiber was good, and no peeling was observed
between the metal coating and the glass fiber. When the
operation to obtain the metal-coated glass fiber 11 was
performed for one hour, sludge was observed on the molten
metal.

Reference Example 2

[0104] The metal-coated glass fiber 11 was produced in
the same manner as in Reference Example 1, except that
glass having an E-glass composition was melted in the glass
melting furnace 3 at 1250° C.; the winding speed of the
winder 5 was adjusted such that the speed of the glass fiber
2 passing by the metal melting furnace 4 was 1000 m/min;
pure zinc with a purity of 99.99% was melted at 500° C.; and
the metal feed rate from the orifice 41 was 0.96 g/min.
Subsequently, the metal-coated glass fiber 11 was subjected
to the evaluations (1) to (3), and was evaluated as the
metal-coated glass fiber filler 1. In the resultant metal-coated
glass fiber 11, the glass fiber 2 had a fiber diameter of 13 pm.
Table 1 shows other results. In the resultant filler 1, the ratio
of the metal coating to the entire circumference of the glass
fiber was 40%.

[0105] According to the result of the evaluation (2), the
contact conductivity was good. However, in the evaluation
(3) of the adhesion between the metal coating and the glass
fiber, peeling was observed between the metal coating and
the glass fiber. No sludge was observed on the molten metal
even when the operation to obtain the metal-coated glass
fiber 11 was performed for one hour.

[Adhesion Between the Metal Coating and the Glass Fiber]

[0106] As shown in Reference Example 2, the metal-
coated glass fiber coated with pure zinc melted at 500° C.
that is close to the melting point of zinc exhibited poor
adhesion between the metal coating and the glass fiber. In
contrast, the glass fiber coated with a zinc-aluminum alloy
or a zinc-titanium alloy melted at 500° C. that is close to the
melting point of zinc exhibited good adhesion between the
glass fiber and the metal coating (Examples 6 to 19).
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[Contact Conductivity of the Metal-Coated Glass Fiber
Coated with a Zinc-Aluminum Alloy or a Zinc-Titanium
Alloy]
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conductivity even when kept in a high-temperature and
high-humidity atmosphere and exhibited good resistance to
a high-temperature and high-humidity atmosphere. In view

[0107] According to the results in Table 1, the metal- of these evaluation results, the zinc-titanium alloy may
coated glass fiber coated with a zinc-aluminum alloy or a contain titanium in an amount of 0.1 to 1.0% by mass.
TABLE 1
Ratio of
metal
Composition of Proportion coating to
alloy forming Glass of metal entire Adhesion
metal coating fiber in fiber Specific  circumference Electrical between glass
(% by mass) diameter (% by gravity of glass resistance (Q) fiber and metal
Zinc Aluminum  Titanium (pm) volume) (g/em?) fiber (%) 1lmm 3mm 30mm coating
Example 1 20 10 0 28 50 4.6 40 <1 <1 <1 No peeling
Example 2 80 20 0 28 50 4.4 40 <1 <1 <1 No peeling
Example 3 70 30 0 28 50 4.2 40 <1 <1 <1 No peeling
Example 4 99.9 0.1 0 13 50 4.8 40 <1 <1 <1 No peeling
Example 5 99.5 0.5 0 13 50 4.8 100 <1 <1 <1 No peeling
Example 6 99.5 0.5 0 13 50 4.8 100 <1 <1 <1 No peeling
Example 7 99.5 0.5 0 13 70 5.7 100 <1 <1 <1 No peeling
Example 8 99.5 0.5 0 13 70 5.7 40 <1 <1 <1 No peeling
Example 9 99.5 0.5 0 13 30 39 80 <1 <1 <1 No peeling
Example 10 99.5 0.5 0 13 20 34 30 <1 <1 <1 No peeling
Example 11 97 3 0 13 50 4.7 100 <1 <1 <1 No peeling
Example 12 99.9 0 0.1 13 50 4.8 40 <1 <1 <1 No peeling
Example 13 99.8 0 0.2 13 50 4.8 40 <1 <1 <1 No peeling
Example 14 99.7 0 0.3 13 50 4.8 40 <1 <1 <1 No peeling
Example 15 99.5 0 0.5 13 50 4.8 40 <1 <1 <1 No peeling
Example 16 99.5 0 0.5 13 60 53 30 <1 <1 <1 No peeling
Example 17 99.5 0 0.5 13 80 6.2 100 <1 <1 <1 No peeling
Example 18 99.5 0 0.5 13 50 4.8 80 <1 <1 <1 No peeling
Example 19 99.5 0 0.5 13 30 39 20 <1 <1 <1 No peeling
Example 20 99.0 0 1.0 13 50 4.8 40 <1 <1 <1 No peeling
Example 21 99.45 0.05 0.5 13 40 4.4 80 <1 <1 <1 No peeling
Comparative 0 100 0 28 50 2.6 40 >108 20 10 No peeling
Example 1
Comparative 10 20 0 28 50 2.9 40 >10°¢ 10 5 No peeling
Example 2
Referrence 100 0 0 28 50 4.8 40 <1 <1 <1 No peeling
Example 1
Referrence 100 0 0 13 50 4.8 40 <1 <1 <1 Peeling
Example 2 occurred
zinc-titanium alloy having a zinc content of 50% by mass or TABLE 2

more in each of Examples 1 to 21 exhibited higher contact
conductivity than the metal-coated glass fiber coated with
pure aluminum in Comparative Example 1 and the metal-
coated glass fiber coated with a zinc-aluminum alloy having
a zinc content of 10% by mass in Comparative Example 2.

[Comparison Between the Metal Coating Made of a
Zinc-Aluminum Alloy and the Metal Coating Made of a
Zinc-Titanium Alloy]

[0108] The glass fillers of Examples 4, 5, 12, 15, and 21
were kept in an atmosphere at a temperature of 80° C. and
a relative humidity (RH) of 95% for 24 hours or 48 hours for
a moisture resistance test. After the test, the evaluation (2)
was performed. According to the results in Table 2, the
metal-coated glass fiber in each of Examples 12, 15, and 21
exhibited good contact conductivity even after the moisture
resistance test. As is clear from these results, the metal-
coated glass fiber coated with a metal coating made of a
zinc-titanium alloy was able to maintain the initial contact

Electrical resistance
(Q) after moisture
resistance test

80° C. and 95% RH

Composition of
alloy forming metal

coating (% by mass

Zinc  Aluminum Titanjum Oh 24h 48h
Example 4 99.9 0.1 0 <1 2000 10000
Example 5 99.5 0.5 0 <1 2000 10000
Example 12 99.9 0 0.1 <1 <1 <1
Example 15 99.5 0 0.5 <1 <1 <1
Example 21 99.45 0.05 0.5 <1 <1 <1
REFERENCE SIGNS LIST
[0109] 1 metal-coated glass fiber filler
[0110] 11 metal-coated glass fiber
[0111] 2 glass fiber
[0112] 21 metal-uncoated surface
[0113] 3 glass melting furnace
[0114] 31 bushing nozzle
[0115] 4 metal melting furnace
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[0116] 41 orifice for discharging molten metal to the
outside

[0117] 5 winder

[0118] 6 pushing machine

[0119] 7 metal coating

[0120] 71 molten metal droplet

1. An electromagnetic shielding metal-coated glass fiber
filler to be used as a composite with resin, the glass fiber
filler comprising:

glass fiber; and

a metal coating in a longitudinal direction of the glass

fiber,

wherein the metal coating is made of an alloy containing

a first metal consisting of zinc and a second metal
consisting of a metal having a lower oxidation-reduc-
tion potential than zinc,

the second metal is at least one selected from the group

consisting of barium, strontium, calcium, magnesium,
beryllium, aluminum, titanium, zirconium, manganese,
and tantalum, and

the alloy contains the first metal in an amount of 50% by

mass or more.

2. The electromagnetic shielding metal-coated glass fiber
filler according to claim 1,

wherein the volume ratio of the glass fiber is 5 to 95% by

volume, and the volume ratio of the metal coating is 5
to 95% by volume.

3. The electromagnetic shielding metal-coated glass fiber
filler according to claim 1,

wherein the glass fiber is formed of an E-glass composi-

tion.

4. The electromagnetic shielding metal-coated glass fiber
filler according to claim 1,

wherein the alloy contains the second metal in an amount

of 0.01% by mass or more.

5. The electromagnetic shielding metal-coated glass fiber
filler according to claim 1,

wherein the alloy contains the second metal in an amount

of 30% by mass or less.

6. The electromagnetic shielding metal-coated glass fiber
filler according to claim 1,

wherein the alloy substantially consists of the first metal

and the second metal.

7. The electromagnetic shielding metal-coated glass fiber
filler according to claim 1,

wherein the second metal is at least one selected from the

group consisting of aluminum and titanium.
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8. The electromagnetic shielding metal-coated glass fiber
filler according to claim 1,

wherein the glass fiber has a metal-uncoated surface in the

longitudinal direction of the glass fiber.

9. The electromagnetic shielding metal-coated glass fiber
filler according to claim 8, further comprising a silane
coupling-treated layer on the metal-uncoated surface.

10. The electromagnetic shielding metal-coated glass
fiber filler according to claim 1,

wherein the glass fiber has a length of 0.01 to 50 mm.

11. The electromagnetic shielding metal-coated glass fiber
filler according to claim 1,

wherein the glass fiber has a diameter of 1 to 100 um.

12. The electromagnetic shielding metal-coated glass
fiber filler according to claim 1,

wherein the ratio of the metal coating to the entire

circumference of the glass fiber is 5% or more.

13. The electromagnetic shielding metal-coated glass
fiber filler according to claim 1,

wherein the metal coating is formed by hot-dipping.

14. A method for manufacturing an electromagnetic
shielding metal-coated glass fiber filler to be used as a
composite with resin, the method comprising:

melting a metal material in a metal melting furnace to

form molten metal;
forming a molten metal droplet by discharging a molten
metal from an orifice provided to the metal melting
furnace for discharging the molten metal to the outside;

bringing glass fiber being drawn out of a bushing nozzle
of a glass melting furnace into contact with the droplet;
and
cutting metal-coated glass fiber,
wherein the metal material contains a first metal consist-
ing of zinc and a second metal consisting of a metal
having a lower oxidation-reduction potential than zinc,

the second metal is at least one selected from the group
consisting of barium, strontium, calcium, magnesium,
beryllium, aluminum, titanium, zirconium, manganese,
and tantalum, and

the metal material contains the first metal in an amount of

50% by mass or more.

15. An electromagnetic shielding resin article comprising:

the metal-coated glass fiber filler according to claim 1.

16. The electromagnetic shielding resin article according
to claim 15,

wherein the electromagnetic shielding metal-coated glass

fiber filler content is 0.01 to 30% by volume.

#* #* #* #* #*



