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DESCRIPTION

Title of Invention: COLORED GLASS FIBER AND MANUFATGJRING METHOD
THEREFOR

Technical Field
[0001]

The present invention relates to a colored glass for use in fiber-reinforced
plastics and fiber-reinforced thermoplastics, aufeiuring method thereof, and a
molded product using the glass fiber. In particwidoen used as reinforcement fiber, the

colored glass fiber allows the molded product teettagh strength and good appearance.

Background Art
[0002]

Molded plastic products have been widely usecetivecal due to having light
weight, good moldability, and inexpensiveness. la&tr as single material, however, is
not suitable as structural material, since thdieilgsand strength are poor. Accordingly,
fiber-reinforced plastics (FRP) and fiber-reinfat¢eermoplastics (FRTP), in which

reinforcement fibers such as glass fibers are mhaek been developed.

Citation List

Patent Literature

[0003]

Patent Literature 1: National Publication of Insronal Patent Application No. 2008-
516887

Patent Literature 2: Japanese Patent Laid-Ope8004.-315981

Patent Literature 3: Japanese Patent Laid-Ope8003-092188

Summary of Invention

Technical Problem



[0004]

Glass fibers used as reinforcement fibers fordibmforced plastics or fiber-
reinforced thermoplastics have caused problema@fi®m the glass. The FRP and
FRTP are often used wherein the resin is coloratlyae of uncolored glass fibers caused
the glass impregnated in the resin to appear whitansparent. Consequently, when
there are undispersed glass fibers in the vionfitiie surface, problems in appearance
occur such as a white look or transparent lookltneg in defective products.

[0005]

In the case of using a glass fiber for thermoiglassins as reinforcement fiber, the
monofilaments of the glass fiber are exposed osulface of a molded product, so that
light is reflected by the monofilaments to caugkdiring on the surface of the molded
product, resulting in a disadvantage to give arré@sgion of cheap quality.

[0006]

Accordingly, colored glass fibers in which thesgléibers are colored have been
used as reinforcement fiber (Patent Literatures3).t Patent Literature 1 and 2 disclose
to obtain colored glass fibers by mixing a colomggnt such as carbon black with a
surface treatment agent for treating glass fibelrs Patent Literature 3, a glass fiber fabric
in which the surface is surface-treated with ansileoupling agent and treated with a dye-
containing coloring agent is disclosed.

[0007]

As disclosed in Patent Literature 1 and 2, irctkee of coloring by a pigment-
containing surface treatment agent, although tfeetdan appearance described above are
decreased, the strength of a molded product igahdywreduced due to scratches to glass
caused by the direct contact of pigment particiéds the glass surface,. As disclosed in
Patent Literature 3, in the case of coloring afteface treatment with a silane coupling
agent, no coating can be formed since a coating &geot included, thereby causing
problem of fluffing and strength.

[0008]
Further, the surface treatment agent that corgiaalyg or the like is scattered in the

surrounding area, so that a spinning site is iabljitcontaminated with the dye.
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Accordingly, in the case of spinning, subsequently colored glass fiber, a colorless
glass or a glass fiber colored by a different ¢aareful cleaning of the spinning machine
and the surrounding area is required each timbasthe workability is poor.
[0009]

The present invention can provide a colored dilassallowing the molded
product with good appearance to be obtained wittgaluiction in strength of the molded
product, by performing a pre-treatment with a sigfiseatment agent and performing a

coloring treatment after formation of a coating.

Solution to Problem
[0010]

A colored glass fiber used in a fiber-reinforcébsfics or fiber-reinforced
thermoplastics according to one aspect of the preseention includes a surface
treatment layer and a colored layer which are lataahin this order on a glass fiber
surface. The surface treatment layer includesgrognt but includes a first silane
coupling agent, a coating agent and a surfactdrtte colored layer includes a second
silane coupling agent and a pigment. A sum ofighwef the surface treatment layer
and the colored layer is 0.25 to 1.70 wt% with eespo a weight of the glass fiber. The
pigment is uniformly adhered to a surface of tHered glass fiber.

[0011]

Due to a coating (surface treatment layer) forfr@d a surface treatment agent
on the glass fiber surface, the glass fiber isa@tched by the pigment and the like
contained in a coloring agent. Consequently, whemlass fiber is used as
reinforcement fiber, no reduction in the strendtthe molded product occurs.

[0012]

Also, in order to meet the criteria for appearaawd the like of the molded
product, and the physical criteria such as thegtineof the molded product, the sum of
the weight of the surface treatment layer and dleed layer is preferably in the above
range with respect to the weight of glass fiber.

[0013]
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In particular, since the provision of a specifiecant of a silane coupling agent-
containing surface treatment layer and a colonget laffects the strength of the molded
product, the sum of the weight of the surfacerneat layer and the colored layer is
preferably 0.25 wt% or more with respect to theghveof glass fiber. In the case where
the sum of the weight of the surface treatment lagd the colored layer is more than
1.70 wt% with respect to the weight of the glasserfithe strength of the molded product
is reduced and the incidence of blocking is in@éakie to the occurrence of adhesion
between each of the glass fibers by the excessivara of the treatment agent.
Accordingly, the sum of the weight of the surfaeatment layer and the colored layer is
preferably 1.70 wt% or less with respect to thegivenf the glass fiber.

[0014]

According to the colored glass fiber of an aspétite present invention the
surface treatment layer has a weight of 0.20 1@ W36 with respect to the weight of the
glass fiber and the colored layer has a weightG# @ 0.50 wt% with respect to the
weight of the glass fiber.

[0015]

In the case where the weight of the surface tresmithayer is less than 0.20 wt%
with respect to the weight of the glass fiber thiekness of the coating on the glass
surface is insufficient, so that the glass is shed by a pigment in some cases, resulting
in insufficient strength of the molded product. tHe case where the weight of the
surface treatment layer is more than 1.30 wt% mgipect to the weight of the glass fiber,
the excessive amount of the surface treatment agasés the adhesion between each of
the chopped strands, thereby increasing the inoidefblocking. Consequently, the
flow stability of chopped strands is reduced, s tihe glass fibers are not uniformly
kneaded into a resin, causing reduction in thegtineof the molded product and defects
in the appearance. In addition, the excessivaitfeatment agent prevents adhesion
between the resin and the glass fiber, so thattlegth of the molded product is reduced.
[0016]
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In roving, the presence of an excessive coatingpooent prevents interfacial
adhesion between the resin and the glass fibers@rsens the impregnation of the resin
into the glass fibers, causing whitening and redndh the strength.

[0017]

Further, in the case where the weight of the edltayer is less than 0.03 wt%
with respect to the weight of the glass fiber,ahmunt of a pigment adhered to the glass
fiber is small, so that the glass fiber is uneveolpred or the color is pale, resulting in
defects in appearance of the molded product.

[0018]

Meanwhile, in the case where the weight of theredl layer is more than 0.50
wit% with respect to the weight of the glass filiee, excessive amount of the coloring
agent results in increase in the incidence of lohgck Consequently, the flow stability of
chopped strands reduces, so that the glass fiwem®tuniformly kneaded into a resin,
causing reduction in the strength of the moldedyrband defects in the appearance. In
roving, the presence of an excessive pigment pteaehesion between the resin and the
glass fibers and worsens the impregnation of tie neto the glass fibers, causing
whitening and reduction in the strength.

[0019]

The colored glass fiber according to an aspettegpresent invention is
characterized in that a weight ratio of the fiilstn® coupling agent to the second silane
coupling agent is 20:80 to 95:5.

[0020]

The reason is that if the weight ratio betweerfitkesilane coupling agent and the
second silane coupling agent is out of the ran@®:&0 to 95:5, the strength of the
molded product becomes very low.

[0021]

The colored glass fiber according to an aspettegpresent invention is
characterized in that a total weight of the fiflstre coupling agent and the second silane
coupling agent is 2.0 to 65.0 wt% with respech&ogum of the weight of the surface

treatment layer and the weight of the colored layer



[0022]

The reason is that in the case where a silandicg@gent content is less than 2.0
wit% with respect to the sum of the weight of thdeme treatment layer and the weight of
the colored layer, uneven adhesion, flickering, @t appearance of the molded product
are caused and the strength of the molded prodaotfes very low.

[0023]

The reason is also that in the case where a sian#ing agent content is more
than 65.0 wt% with respect to the sum of the weagthe surface treatment layer and the
weight of the colored layer, the flow stabilityasfopped strands are extremely worsened.
[0024]

The colored glass fiber according to an aspettegpresent invention is
characterized by being a chopped strand or a roving
[0025]

The reason is that glass fibers are used as mae@nfient fiber typically in a
chopped strand form or a roving form.  As long@sdolored glass fiber of the present
invention is used as reinforcement fiber in anyairtbe forms, a molded product
excellent in both of the strength and the appeareac be obtained.

[0026]

The colored glass fiber according to an aspettegpresent invention is
characterized by having an elliptical cross sectiorhe elliptical shape means a shape
including a rectangle to which semicircles arechttd to both ends, and a similar shape.
[0027]

The reason is that by having an elliptical crosti@ethe cross sectional area
becomes large, thereby increasing the contactite#he resin, so that a molded product
having higher strength can be obtained. Heredngitbss section of a glass fiber means
the cross section of a glass fiber filament tolredked into a glass fiber (glass fiber
bundle), in the direction perpendicular to therfileagth direction.

[0028]
The method for obtaining a colored glass fibeuf® in fiber-reinforced plastics

or fiber-reinforced thermoplastics according t@apect of the present invention
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comprises: a surface treatment step of treatirigsa §ber treated with a surface treatment
agent including a first silane coupling agent, aiog agent and a surfactant, but no
pigment; a step of obtaining a glass fiber forméh & surface treatment layer by drying;

a coloring step of forming a colored layer by ireathe glass fiber formed with the
surface treatment layer with a coloring agent g a second silane coupling agent and
a pigment; and a water-washing step of washingwatier.

[0029]

After the treatment with the surface treatmenhagdich includes the first silane
coupling agent, the treatment with the coloringagénich includes the second silane
coupling agent is performed, so that a pigmentlieeed to the surface of glass fiber.
Since the coloring step is performed using thertmagent which includes the silane
coupling agent, a colored glass fiber having gathetsion with the resin can be obtained.
Further, since a coating (surface treatment lagéoymed by the surface treatment agent
on the surface of glass, the glass fiber is natawed by the pigment or the like contained
in the coloring agent in the subsequent coloriag.st Consequently, when being used as
reinforcement fiber, reduction in strength of thelaled product is not caused.

[0030]

Further, the water-wash after the coloring treatme@moves the excessive amount
of the coloring agent, so that uniform adhesiopiginent particles to the glass fiber can
be achieved.

[0031]

The method for obtaining the colored glass fibewse in fiber-reinforced plastics
or fiber-reinforced thermoplastics according t@apect of the present invention
comprises performing a treatment to have a sunwaight of the surface treatment layer
and the colored layer of 0.25 to 1.70 wt% with eespo a weight of glass fiber.

[0032]

In order to maintain the strength of the moldemtipct, the sum of the weight of
the surface treatment layer and the colored layeraferably 0.25 wt% or more with
respect to the weight of the glass fiber. Mearwyiil the case of the sum of the weight

of the surface treatment layer and the colored laymore than 1.70 wt% with respect to
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the weight of the glass fiber, the excessive amolihie treatment agent causes adhesion
between the glass fibers, resulting in increaslearstrength of the molded product and the
incidence of blocking.

[0033]

The method for obtaining the colored glass fibewse in fiber-reinforced plastics
or fiber-reinforced thermoplastics according t@apect of the present invention
comprises coloring a glass fiber in a chopped dtiam or a roving form.

[0034]

Glass fibers are used as reinforcement fiberailgio a chopped strand form or a
roving form.  As long as the colored glass fibenanufactured by the manufacturing
method of the present invention, a molded prodkaztlent in both of the strength and the
appearance for use as reinforcement fiber canta@et in any one of the forms.

[0035]

The colored glass fiber according to an aspetteopresent invention is
characterized by being obtained by the manufagfumethod.
[0036]

As long as the colored glass fiber obtained byrthaufacturing method according
to an aspect of the present invention is used J@ati@roduct having high strength with
good appearance can be obtained.

[0037]

The fiber-reinforced plastic or the fiber-reinfedcthermoplastic according to an
aspect of the present invention comprises theablglass fiber, and a plastic or a
thermoplastic.

[0038]

A composite material using the colored glass f#weording to an aspect of the

present invention allows a molded product havigt lsirength with an excellent

appearance to be obtained.

Brief Description of Drawings
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FIG. 1A and FIG. 1B are schematic views, FIG. 18vehg a cross section of the surface
portion of a colored glass fiber of the presenemion and FIG. 1B showing a cross
section of the surface portion of a colored gléms inanufactured by a conventional
method.

FIG. 2 is a flow chart showing a manufacturing radtbf the colored glass fiber

according to an aspect of the present invention.

Description of Embodiment
[0040]

The schematic view of the surface structure afl@red glass fiber according to an
aspect of the present invention is shown in FIG. 1 the present invention, after
treatment with a surface treatment agent, a treditwith a coloring agent is performed.
Accordingly, a surface treatment layer is formedrfithe surface treatment agent on the
glass surface, and a colored layer is further fdrogside thereof.

[0041]

Meanwhile, in the conventional method, a coloaggnt is added to a surface
treatment agent for use, so that the colored @yéhe glass surface is integrally formed
with the surface treatment agent (FIG. 1B).

[0042]

The manufacturing method of the present inverdi@hown in FIG. 2. A glass
fiber can be obtained by spinning molten glass.e ddlored glass fiber according to an
aspect of the present invention may be supplieccimopped strand form or a roving form.
A surface treatment agent is applied during spanirThe roving is subjected to a drying
step, and the chopped strand is subjected to yivgdtep before or after cutting. A
surface treatment layer is thus formed on the glaace.

[0043]

In the drying step, for example, a treatment ab/BCGC for 10 to 30 hours may
be performed in the case of before cutting thesdiaer, or a treatment at 70 to 2@0for
about 30 minutes to 1 hour may be performed icéise of after cutting. In the case of a

roving, the coloring treatment is directly perfodne In the case of a chopped strand, a
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coloring treatment is performed after being cw specified length. In the case of a
roving, the coloring treatment is performed by tardus immersion in a coloring tank
containing a coloring agent, so that coloring capérformed during winding.

[0044]

In the case of a chopped strand, the manufacthigaped strands are placed in a
coloring tank and agitated for a specified timasto be colored.
[0045]

The glass fiber in any of a roving form and a gieapstrand form is subjected to a
water-wash step and a drying step after colormghat a colored glass fiber product is
manufactured.

[0046]

The colored glass fiber according to an aspetteopresent invention in a chopped
strand form has a filament diameter of 3 tqu®and a cut length of 1.5 to 25 mm.
Meanwhile, the roving has a yarn count (tex) ofglass fiber of 280 to 9600 tex.

Herein, the yarn count of glass fiber is equivalerthe number of grams per 1000 m of
glass fiber. The chopped strand and the rovitigarabove ranges may be used for fiber-
reinforced plastics (FRP) and fiber-reinforcedigplastics (FRTP) manufactured from
various resins and by various methods.

[0047]

In the present invention, "molded products” inelbbdth of fiber-reinforced
plastics and fiber-reinforced thermoplastics.
[0048]

The shape employed for the filament cross seofitime colored glass fiber may
be any one of an ellipse and a circle. An ellipsaore preferred, because improvement
in the strength of the molded product is expecteitd an increased cross-sectional area.
[0049]

The surface treatment agent of the present iroremicludes a silane coupling
agent, a coating agent, and a surfactant. Examflls silane coupling agent include

monoamino silane, diamino silane, methacrylic sil@poxy silane, vinyl silane, acrylic
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silane, ureido silane, and mercapto silane. Taeescoupling agent may be selected
based on the affinity to the resin.
[0050]

Examples of the coating agent include a urethesie,ran epoxy resin, an acrylic
resin, a vinyl acetate resin, and a polyester.reshudition of a coating agent allows a
coating to be formed on the glass surface, prengtite glass surface from being
scratched by pigment particles contained in theredllayer as the outer layer. The
coating agent may be appropriately selected bas#tkeaffinity to the resin and the
molding method.

[0051]

Examples of the surfactant include a cationicagtiht, a non-ionic surfactant, and
an anionic surfactant. Addition of a surfactars &ffects for improving the stability of a
surface treatment agent, reducing the occurreatesfrcutting of glass fiber during
spinning, reducing fluffing during rewinding, prewiag static electricity, and imparting
softness to a glass fiber bundle.

[0052]

The surface treatment agent contains a silandiegggent, a coating agent, and a
surfactant as components other than a solvenproamate amounts of 2 to 40 wt%, 60
to 95 wt%, and 0.1 to 10 wt%, respectively, witkpeect to the sum of the weight of the
components other than the solvent.

[0053]

The coloring agent of the present invention inekud silane coupling agent and a
pigment. Examples of the silane coupling agemid@monoamino silane, diamino
silane, methacrylic silane, epoxy silane, vinyrsd, acrylic silane, ureido silane, and
mercapto silane. The silane coupling agent magleeted based on the affinity to the
resin for use in manufacturing the molded product.

[0054]

The silane coupling agent contained in a surf@agrhent agent (hereinafter,

referred to as a first silane coupling agent) aedstlane coupling agent contained in a

coloring agent (hereinafter, referred to as a skstane coupling agent) may be the same
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or different. The total content of the first sgacoupling agent and the second silane
coupling agent is preferably 2.0 to 65.0 wt% withgect to the total weight of the surface
treatment layer and the colored layer (the surheoieight of components other than the
solvent in the surface treatment agent and thehivefgcomponents other than the solvent
in the coloring agent), with a weight ratio of fliet silane coupling agent to the second
silane coupling agent of 20:80 to 95:5. Furthe,total content of the first silane
coupling agent and the second silane coupling agiembre preferably 5.0 to 30.0 wt%,
still more preferably 8.0 to 20.0 wt%, with respiecthe total weight of the surface
treatment layer and the colored layer, which shexgsllence in sizing properties of the
glass fiber and strength of the molded product.

[0055]

The amount of a surface treatment agent adheeeth@ weight of a surface
treatment layer) and the amount of a coloring agehéred (i.e. the weight of a colored
layer) were measured in accordance with JIS R 34R@mely, a specified amount is
dried in a dryer at 108 for 30 minutes and then cooled to room tempegaturhe
weight of the specimen after drying is represebteaty. The specimen is then heated in
a muffle furnace adjusted to 625for 30 minutes, and then cooled to room temperatu
The weight of the specimen after heating is repteseby m.  The ignition loss bl
(mass fraction (%)) of the specimen was calculfated the following equation (1), as the
amount of the surface treatment agent and theimglagent adhered. Namely, the
ignition loss of the colored glass fiber accordm@n aspect of the present invention
corresponds to the sum of the amount of the sutfeaament agent adhered and the
amount of the coloring agent adhered, i.e., thedduire weight of the surface treatment
layer and the weight of the colored layer.

[0056]

Hz = (mi—myp)/myx100 (1)

If the weight ratio of the silane coupling agenbut of the above range, the layers
of glass fiber/surface treatment agent (surfaetgrtrent layer)/coloring agent (colored

layer) are easily peeled from each other, so ttifitient strength of the molded product
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cannot be obtained. Further, due to peeling ofdkeed layer, the effect for improving
the appearance of the molded product by colorihgrd to be obtained.
[0057]

The amount of a surface treatment agent adhengoecadjusted by the rotational
speed of the roller for applying the surface tresthagent and the concentration of the
surface treatment agent, in adhesion of the sutfeanent agent to the glass fiber drawn
from a bushing. For example, in the case of adgithe weight of the surface treatment
agent adhered, i.e., the weight of the surfaceniexd layer, to 0.20 wt% with respect to
the weight of the glass fiber, the rotational spafetie roller for applying the surface
treatment agent may be controlled to 10 to 19 m/amd the concentration of the surface
treatment agent (the ratio of the sum total oftkight of components other than the
solvent contained in the surface treatment agehtrespect to the total weight of the
surface treatment agent including the solvent) neagontrolled to 1.2 to 6.8%. Further,
in the case of adjusting the weight of the surfeesment agent adhered to 1.30 wt%, the
rotational speed of the roller for applying theface treatment agent may be controlled to
20 to 35 m/min, and the concentration of the serfeEatment agent may be controlled to
7.0t0 13.5 %. Of course the rotational speetiefaller for applying the surface
treatment agent and the concentration of the utfaatment agent may be appropriately
controlled to achieve a desired adhered amourtitoutilimitation to the above.

[0058]

Examples of the pigment contained in a colorirgnaaclude an inorganic
pigment such as carbon black and titanium oxitke)law particle latex pigment, an azo
pigment, and a polycyclic pigment represented jpigthalocyanine pigment.  Further, a
plurality of pigments may be used in combinationlitain a desired color.

[0059]

The particle diameter of the pigment is, for exiemp the range of 0.01 topin.
Here, the particle diameter represents the meddametier. The specific particle
diameter ranges of the pigment for use may bet0.03um for carbon black, 0.2 to 0.4
pum for titanium oxide, 0.5 to im for a hollow particle latex pigment (white), ah@5 to

0.4um for a hollow particle latex pigment of any othetor, respectively.
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[0060]

Further, the coloring agent may contain a sunféicctaExamples of the surfactant
include a cationic surfactant, a non-ionic surigictand an anionic surfactant or the like.
[0061]

In the case of a roving, the adhered amount ofasicg agent can be adjusted by
immersion in a coloring tank and the immersion fieme the concentration of the
coloring agent.

[0062]

The adhered amount of a coloring agent to a clibgipend can be adjusted by the
time period of the treatment with the coloring dgerd the concentration of the coloring
agent.

[0063]

Further, an excessive amount of the coloring agemhshed away in the water-
washing step after the coloring step. Accordiniig,adhered amount of the coloring
agent decreases by about 10 to 40%. Thereforepkbiing agent needs to be adhered
in consideration of the amount of reduction.

[0064]

For example, in the case of a chopped strandanitidhered amount of a final
coloring agent, i.e., a weight of the colored lagejjusted to 0.05 wt% with respect to the
weight of the glass fiber, the treatment time whia coloring agent may be controlled to
10 to 60 minutes, and the concentration of thericg@gent (the ratio of the sum total of
the weight of components other than the solvertagaed in the coloring agent with
respect to the total weight of the coloring agediding the solvent) to 0.7 to 3.5 wt%.

In the case of an adhered amount of a coloringtégeadjusted to 0.40 wt%, the treatment
time with the coloring agent may be controlled@d 60 minutes, and the concentration
of the coloring agent to 5.0 to 25.0 wt%. Of ceuls treatment time with the coloring
agent and the concentration of the coloring agentle appropriately controlled to
achieve a desired adhered amount, without limitatdhe above.

[0065]
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The molded product according to an aspect ofegept invention comprises the
colored glass fiber according to an aspect of teegmt invention, and a plastic or a
thermoplastic. Examples of the plastic or therttoglastic include a polyamide,
polypropylene, polyacetal, polyethylene terephtiealaolybutylene terephthalate,
polycarbonates, a polyester, polyphenylene sulidespoxy resin, an unsaturated
polyester resin, a vinyl ester resin, a phenostwend an acrylic resin.  The plastic or
the thermoplastic is preferably colored with apprately the same color as the colored
glass fiber, by including the pigment or the dy&ince the colored glass fiber of the
present invention and the plastic or the thermtplage colored with approximately the
same color, the effects for reducing flickeringseiby the colored glass fiber and
improving the appearance of a molded product isexealn order to obtain a particularly
large effects for reducing flickering caused bydblered glass fiber of the present
invention and improving the appearance of the nibfleduct, the colored glass fiber of
the present invention and the plastic or the thptastic are more preferably colored with
a dark color (a color of low brightness such askylarown, deep blue, deep green, and
deep red), particularly preferably colored withckla Two color tones (L1, al, bl) and
(L2, a2, b2) being approximately the same colomsgE = ((L1-L2Y+(al-a2§+(b1-
b2Y)¥?is 20 or less.

[0066]

The present invention is described in detail véfierence to Examples as follows.
[0067]

Evaluation items of the glass fibers and the ntbfgteducts shown in the
following Table 1 were measured and evaluated éydifowing methods.

[0068]

With regard to the adhesion uniformity of pigmeatticles (described as adhesion
uniformity in Table 1), five scanning electron nagraphs were taken. For each of the
micrographs, ten fibers with a spot where a len§B800um can be measured were
selected, and the number of pigment particles adhiereach spot was counted. The
coefficient of variation was obtained from the maad the standard deviation. A

coefficient of variation of less than 30% is evéddeas uniform (good), and a coefficient
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of variation of 30% or more is evaluated as nomumif(poor). In the present invention,
when the coefficient of variation is less than 3@%, defined that "the pigment is
uniformly adhered to the surface of the coloredgfder".

[0069]

With regard to the flickering on the surface of@lded product caused by
monofilaments (described as flickering in Tablardd the appearance of a molded
product, the determination was performed by viebakrvation. Specifically, the
flickering on the surface of a molded product cdusemonofilaments was determined
depending on whether the glass fiber in the vicwiithe surface of a molded product
reflected light and was observed to glitter. Adorct with no flickering observed at all is
evaluated as good, a product with a slight fliciggnbserved is evaluated as fair, and a
product with flickering observed on the whole scefés evaluated as poor.

[0070]

Further, with regard to appearance of a moldedyatpa molded product having a
surface with white undispersed glass observedtbrtié glass fiber seen through is
evaluated as poor, with the glass or the glassdllghtly observed as fair, and with no
glass or glass fiber observed as good.

[0071]

With regard to the sizing properties of the gfdser (described as GF sizing
properties in Table 1), the determination was basdtie measurement of the amount of
fluffing. Poor sizing properties of a glass filbauses fluffing on the surface of the glass
fiber surface. In the case of chopped strandsg3f@hopped strands placed in a beaker
were agitated by an agitator at 100 rpm for 5 nesyudind the weight of the generated fluff
was measured. An amount of fluff of less than g evaluated as satisfied (good) in
sizing properties, 40 g or more and less than&)unsatisfied (fair) in sizing properties,
and 60 g or more as very unsatisfied (poor) imgiproperties.

[0072]

In the case of a roving, after the roving is pasmugh a guide and run at a

velocity of 20 m/min for 30 minutes, the amountfloff accumulated on the guide is

measured. An amount of fluff of less than 20 mg ealuated as satisfied (good) in
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sizing properties, 20 mg or more and less than@@swnsatisfied (fair) in sizing
properties, and 30 mg or more as very unsatigedr] in sizing properties.
[0073]

With regard to the strength of a molded prodwsihigia polyamide as resin, each
of the glass fibers as reinforcement fiber was thixith the resin to prepare a molded
product, and the tensile strength of a dumbbelpatidpecimen was measured for
determination. A tensile strength of 160 MPa orems evaluated as very high in
strength (excellent), 130 MPa or more and lessib6@rMPa as high in strength (good),
110 MPa or more and less than 130 MPa as loweangttn (fair), and 110 MPa or less as
very low (poor) in strength.  Incidentally, theestgth was measured using an unsaturated
polyester as thermosetting resin, and it was cuoefirthat the same tendency is observed
regardless of the type of the resin.

[0074]

The incidence of blocking (described as blockm@able 1) was evaluated based
on the weight of chopped strands remaining on t&hnafter sieving of 100 g of chopped
strands with a classifier for 10 seconds. Hes&\g with a mesh of approximately 2.8
mm is employed, which is slightly smaller thanldrggth of the chopped strands for use
having a length of 3 mm.

[0075]

An amount of the chopped strands remaining omiggh of 10 g or less is
evaluated as very low (good) in the incidence otkihg, more than 10 g and 25 g or less
as low (fair), and more than 25 g as very high {poo
[0076]

The flow stability of chopped strands (describe@8& flow stability in Table 1)
represents the flow stability of chopped strandkarhopper of a molding machine or an
extruder. The flow stability is represented bydbefficient of variation (C.V.) in the
discharge amount between a set value and a measilued Specifically, the rotational
speed of the discharge screw in the hopper of dingomachine or the like is controlled
to be constant, and the amount of the choppedistramaining in the hopper is measured

for a predetermined time at predetermined interval$sing the start point and the end
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point of the measured quantity of the chopped dtraamaining in the hopper, the slope is
calculated. From the mean values and the standaraltion of the difference of each of
the measurement results with respect to the dlapepefficient of variation is calculated.
A coefficient of variation of less than 40% is exaed as excellent (good) in the flow
stability, 40% or more and less than 55% as ufisatigair) in the flow stability, and 55%
or more as very unsatisfied (poor) in the flow titsib

[0077]
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[0079]

Examination was made on: a two-stage treatmeittadétiescribed as two-stage
in the treatment method in Table 1) as the manufagtmethod for a colored glass fiber
of the present invention including the steps afting with a surface treatment agent and
thereafter treating with a coloring agent; a cotieeal method including adding a
pigment to a surface treatment agent and perforthegoloring treatment (described as
one-stage in the treatment method in Table 1)pandthod including a treatment with a
surface treatment agent only, without coloring.

[0080]

Chopped strands (CS) were used as a fiber fortim angircular cross-sectional
shape. The treatment in each of the steps wamped to have an adhered amount of
the surface treatment agent (hereinafter alsaeefén as the weight of the surface
treatment layer) of 0.60 wt%, and an adhered anaiuhe coloring agent (hereinafter
also referred to as the weight of the colored Jayed.20 wt%. The adhesion uniformity
of pigment particles (described as adhesion unifgimTable 1), flickering on the
surface of the molded product caused by monofilésr(eescribed as flickering in Table
1), the appearance of the molded product, theggmioperties of the glass fiber (described
as GF sizing properties in Table 1), the strenfitheomolded product, the incidence of
blocking (described as blocking in Table 1), aredfkbw stability of chopped strands
(described as CS flow stability in Table 1) weralgred (Example 1). The results are
shown in Table 1.

[0081]

Meanwhile, a same fiber form (CS) as Example Ingga circular cross-section
shape was used, and a pigment was added to theestrdatment agent by a conventional
method, and a surface treatment agent was adaédhsi the adhered amount of the
surface treatment agent equals to 0.80 wt%, aalafd.60 wt% as the adhered amount
of the surface treatment agent and 0.20 wt% asdinered amount of the coloring agent
as in Example 1 (treatment method: one-stage, QathgmaExample 1). Further, an

uncolored glass fiber (Comparative Example 2) sibjeto a treatment with the surface
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treatment agent only, including no coloring steps\wrepared. The properties of the
prepared glass fibers and molded products wergzaahl
[0082]

A colored glass fiber having an adhered amoutiiteofurface treatment agent of
0.60 wt% and an adhered amount of the coloringtarfén20 wt% as in Example 1, was
obtained without being subjected to a water-wasstieg (Comparative Example 3, with
the adhered amount of the coloring agent beingsepted by 0.20*). The properties of
the glass fiber and molded product were analyzétie Results are shown in Table 1.
[0083]

The molded product using the uncolored glass fbewn in Comparative
Example 2 had poor appearance, having noticeatkerfhg on the surface, and also with
the glass fibers seen through from the surfadeeafriolded product.  Further, in the case
of coloring by one-stage treatment with the cotpagent being added to the surface
treatment agent by the conventional method (Cortipataxample 1), flickering was
observed on the surface caused by monofilametsaply due to poor adhesion
uniformity of pigment particles.

[0084]

Further, the colored glass fiber obtained withimihg subjected to the water-
washing step had high incidence of blocking andlta poor flow stability of chopped
strands, though flickering and the appearanceeaiblded product were evaluated as
satisfied. In addition, the adhesion uniformityp@ment particles was low.

[0085]

In contrast, the colored glass fiber in Exampidthined through the two stages of
the surface treatment step and the coloring tredtstep in the manufacturing method of
the present invention had no flickering, and thegeapance of the molded product was
very good.

[0086]

Furthermore, in the case of the one-stage treashemwn in Comparative

Example 1, the sizing properties of the glass dimeare unsatisfied, and the strength of the

molded product was very low. It is presumed thatnery low strength of the molded
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product was caused by absence of the layer otitfece treatment agent on the surface of
the glass fiber, and therefore, allowing the diess to be scratched with pigment
particles. Moreover, the high incidence of blogkiasulted in the poor flow stability of
chopped strands.

[0087]

Next, the weight of the surface treatment layertae colored layer adhered to the
glass fiber, and the properties of the glass aiberthe molded product were examined.
In the analysis, chopped strands were used abénddrm, with a circular cross-sectional
shape.

[0088]

A treatment was performed to have a weight oftireace treatment layer of 0.03
wit% and a weight of the colored layer of 0.20 wit&, the total weight of 0.23 wt% with
respect to the glass fiber, and the propertidseofkass fiber and the molded product were
analyzed (Comparative Example 4). Further, artreat was performed to have a
weight of the surface treatment layer of 1.60 wifb @ weight of the colored layer of 0.20
wit%, i.e., a total weight of 1.80 wt% with respiecthe glass fiber, and the properties of
the glass fiber and the molded product were andi@emparative Example 5).

[0089]

The obtained results showed that the strengtieafiblded product using any of
the glass fibers in Comparative Example 4 and Costipa Example 5 was low.

Further, the glass fiber in Comparative Exampladivery poor flow stability of chopped
strands, and the glass fiber in Comparative ExaBpbd a very high incidence of
blocking. Itis presumed that since both of théese treatment layer and the colored
layer have effects for protecting the glass filet ianproving the adhesion with the resin,
an insufficient total amount affects the strendtthe molded product. Further, itis
presumed when the total amount is large, the Gtess are adhered to each other by the
excessive amount of the treatment agent, resuittiniggh incidence of blocking.

[0090]
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Based on the results, a conclusion was obtairadt# total amount of the surface
treatment layer and the colored layer is preferafiiye range of 0.25 to 1.70 wt% with
respect to the weight of the glass fiber.

[0091]

Next, the adhered amount of the surface treatagamit was examined. In the
examination, chopped strands were used as thediterwith a circular cross-sectional
shape, and the adhered amount of the surface énelaaigent was changed in the range of
0.03to 1.60 wt%. In the analysis of the propsitiethe molded product, the adhered
amount of the coloring treatment agent was fixeti2@ wt% for all.

[0092]

The properties of the colored glass fibers anartbleed products were analyzed
for adhered amounts of the surface treatment afj@®3 wt% (Comparative Example 4),
0.20 wt% (Example 2), 1.30 wt% (Example 3), an@® W% (Comparative Example 5),
respectively. Results are described in Table 1.

[0093]

With regard to the flickering and the appearari¢teeomolded product, good
results were obtained in any of the Examples aa€tmparative Examples even with
the adhered amount of the surface treatment ageng bhanged, as long as coloring was
performed.

[0094]

However, in the case of using the colored gl&es fvith a low adhered amount of
the surface treatment agent of 0.03 wt% in ComiparBixample 4, the sizing properties
of the glass fiber was very poor, so that a probigtmthe very low flow stability of
chopped strands occurred. Further, in the cassirig the colored glass fiber with a
high adhered amount of the surface treatment afér80 wt% in Comparative Example
5, a very high incidence of blocking was obtainexbpbly due to the excessive amount of
the adhesion agent, with the resultant of rather fhaw stability of chopped strands.
[0095]

Based on the results, it is concluded that theogpipte adhered amount of the

surface treatment agent is 0.20 to 1.30 wt%.
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[0096]

Next, using chopped strands as a fiber form, avithicular cross-sectional shape in
the same manner as described above, the adheradtashthe coloring agent was
examined. In the examination, the weight of thiéase treatment layer was fixed at 0.60
wit%, and the weight of the colored layer was chdmgéhe range of 0.03 to 0.50 wt%.
[0097]

The resultant properties of the colored glass aibe the molded product were
analyzed for adhered amounts of the coloring agfeéh03 wt% (Example 7), 0.05 wt%
(Example 4), 0.20 wt% (Example 6), 0.40 wt% (Exa)l and 0.50 wt% (Example 8),
respectively. Results are described in Table 1.

[0098]

As shown in Examples 4 to 8, in the range of tegkt of colored layer of 0.03
wit% to 0.50 wt%, none of the properties of thegfdsers and the molded products was
evaluated as very unsatisfied (poor). Accordintjg,weight of the colored layer is
preferably in the range of 0.03 wt% to 0.50 wt%.

[0099]

In the case of the molded product using the @lasswith a weight of the colored
layer of 0.03 wt% (Example 7), the flickering ahd tippearance of the molded product
were evaluated as unsatisfied (fair) due to arffingunt amount of the pigment. In the
case of the molded product using the glass fibér awveight of the colored layer of 0.50
wit% (Example 8), the strength of the molded produad the flow stability were evaluated
as low (fair). In contrast, in the case of usimgglass fiber with adhered amounts of the
coloring agent of 0.05 wt% (Example 4), 0.20 wt%diaple 6), and 0.40 wt% (Example
5), respectively, the evaluation was excellentlimeluding the appearance of a molded
product, the strength and the like. Accordingdig weight of the colored layer is more
preferably 0.05 wt% to 0.40 wt%.

[0100]

Further, since a silane coupling agent (descisesiC agent in Table 1) is

important for adhesion of the glass to the reemgcbntent of the silane coupling agent

was examined.
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[0101]

In the treatment of the glass fiber, the ratitheffirst silane coupling agent to the
second silane coupling agent was changed, anddperpes of the glass fiber and the
molded product were analyzed. The quantity rdttbefirst silane coupling agent to the
second silane coupling agent was changed from 2Ex&nple 10) to 95:5 (Example 7).
For comparison, glass fibers which contain no $itahe coupling agent or no second
silane coupling agent were prepared (Comparatieeipies 6 and 7) and molded
products were manufactured for analysis of thegatgs of the glass fibers and the
molded products. The results are shown in Table 1.

[0102]

The ones which contain no first or second silangpling agent had a very low
strength of the molded product. Further, in treeaa containing no second silane
coupling agent, the poor quality in adhesion uniity, flickering, and appearance of the
molded product was obtained. Based on the regugtgoncluded that the quantity ratio
of the first silane coupling agent to the secolahsicoupling agent is preferably 20:80 to
95:5.

[0103]

Further, the content of silane coupling agentsexamined. In the treatment of
glass fiber, the ratio of the total weight of thistfsilane coupling agent and the second
silane coupling agent with respect to the sumefibight of the surface treatment layer
and the weight of the colored layer (referred tthasontent of silane coupling agents)
was changed, and the properties of the glassdifethe molded product were analyzed.
[0104]

In the case of a content of the silane coupliremagf 1.0 wt% (Comparative
Example 8), the flickering and the appearanceeifiblded product were unsatisfied, due
to the poor adhesion uniformity of pigments. Idiadn, resulting from the low content
of the silane coupling agent, the strength of tbled product was very low possibly due
to the poor adhesion with the resin.

[0105]
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Further, in the case of containing a large cortktite silane coupling agent of
71.25 wt% (Comparative Example 9), the flow stbif chopped strands was very
unsatisfied. In addition, the resultant sizinggemties of the glass fiber was unsatisfied.
[0106]

In contrast, in the case where the content ddithee coupling agent is 2.5 wt%
(Example 9), although the strength of the moldedyct was evaluated as weak (fair), the
other criteria were sufficiently satisfied; andhe case where the content of the silane
coupling agent of 60 wt% (Example 10), althoughsilaing properties of the glass fiber
was evaluated as unsatisfied (fair), the othegr@itvere sufficiently satisfied.
Accordingly, it is concluded that the total contehthe silane coupling agents are
preferably 2.0 to 65.0 wt% with respect to the sdfithe weight of the surface treatment
layer and the weight of the colored layer.

[0107]

Next, the influence of the difference in the cresstional shape was analyzed. A
flat cross-sectional shape allows the surfacetanearease, resulting in the increased
adhesion area between the glass fiber and the reéSonsequently, the adhesion force is
enhanced, so that higher strength of the moldetlpt@an be obtained. Meanwhile,
due to the flat shape, the major diameter suriaeedisposed in parallel with respect to
the surface of the molded product, so that the tigftected from the major diameter
surface resulting in noticeable flickering causgdhie monofilament when an uncolored
glass fiber was used, which has been pointed aufaast.

[0108]

Accordingly, using the colored glass fiber withedliptical cross section (Example
11) and an uncolored glass fiber (Comparative Eladf(p), properties of the molded
products were analyzed.

[0109]

As shown in Example 11, in the case of using ssdiber colored by the method

of the present invention, good results in botthefftickering and the appearance of the

molded product were obtained, even though the fitasshad an elliptical cross section.
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In contrast, in the case of using an uncoloredsdibsr (Comparative Example 10), poor
results in both of the flickering and the appeagarfche molded product were obtained.
[0110]

Lastly, the analysis was performed using a rogifg; roving strand). The
properties of the glass fibers and molded produets analyzed for a colored roving
obtained by the method of the present inventiomufipte 12), a roving colored by a one-
stage treatment (Comparative Example 11), and @vlanred roving (Comparative
Example 12). The results are shown in Table 1.

[0111]

In the case of using a glass fiber colored bytiestage treatment (Comparative
Example 11), the adhesion uniformity of pigmentiplas was low and the strength of the
molded product was very low. In the case of uaimgncolored one, the glass fiber was
seen through the surface of the molded produthasgroblems of flickering and the
appearance of the molded product occurred. Inastnin the case of a roving colored
by the manufacturing method of the colored gldse of the present invention, good
results were obtained without problems of the agpea of the molded product, the
strength, and the like.

[0112]

As described above, in the case of using the fitessas reinforcement fiber
obtained by the manufacturing method of the presgantion including the treatment
with the surface treatment agent, a subsequetmiaawith the coloring agent, and
further water-washing, a molded product having keteappearance and high strength

can be obtained.
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CLAIMS

[Claim 1]

A colored glass fiber for use in fiber-reinforgadstics or fiber-reinforced
thermoplastics, comprising:

a surface treatment layer and a colored layeniaex in this order on a glass fiber
surface;

the surface treatment layer comprising a firahglcoupling agent, a coating agent,
and a surfactant, but no pigment;

the colored layer comprising a second silane emyphent and a pigment;

a sum of a weight of the surface treatment layeértlae colored layer being 0.25 to
1.70 wt% with respect to a weight of the glassrfibad

the pigment being uniformly adhered to a surfd¢heocolored glass fiber.
[Claim 2]

The colored glass fiber according to claim 1, wimer

the surface treatment layer has a weight of @ 2030 wt% with respect to the
weight of the glass fiber; and

the colored layer has a weight of 0.03 to 0.50 witth respect to the weight of the
glass fiber.
[Claim 3]

The colored glass fiber according to claim 1 awl2grein

a weight ratio of the first silane coupling agenthe second silane coupling agent
is 20:80 to 95:5.
[Claim 4]

The colored glass fiber according to any oneaif 1 to 3, wherein

a total weight of the first silane coupling agand the second silane coupling
agent is 2.0 to 65.0 wt% with respect to the suthefveight of the surface treatment
layer and the weight of the colored layer.
[Claim 5]

The colored glass fiber according to any oneaih 1 to 4, wherein
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the glass fiber is a chopped strand or a roving.
[Claim 6]

The colored glass fiber according to any oneaig 1 to 5, wherein

the glass fiber has an elliptical cross section.
[Claim 7]

A manufacturing method for a colored glass filbeuie in fiber-reinforced
plastics or fiber-reinforced thermoplastics, cosipg:

a surface treatment step of treating glass fibeased with a surface treatment
agent including a first silane coupling agent, aiog agent and a surfactant, but no
pigment;

a step of obtaining a glass fiber formed withréese treatment layer by drying;

a coloring step of forming a colored layer bytireathe glass fiber formed with
the surface treatment layer with a coloring agaeitiding a second silane coupling agent
and a pigment; and

a water-washing step of washing with water.

[Claim 8]

The manufacturing method for a colored glass filveuse in fiber-reinforced
plastics or fiber-reinforced thermoplastics acawgdo claim 7, wherein

the treatment is performed to have a sum of ahweighe surface treatment layer
and the colored layer of 0.25 to 1.70 wt% with eespo a weight of the glass fiber.
[Claim 9]

The manufacturing method for a colored glass fiveuse in fiber-reinforced
plastics or fiber-reinforced thermoplastics acawgdo claim 7 or 8, wherein

the glass fiber to be colored is in a choppeadtfarm or a roving form.

[Claim 10]

A colored glass fiber for use in fiber-reinforqadstics or fiber-reinforced
thermoplastics, obtained by

the manufacturing method for a colored glass filweording to any one of claims
7t009.

[Claim 11]
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A molded product comprising the colored glass fdmeording to any one of

claims 1 to 6 and 10, and a plastic or a thermbplas





