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SPECIFICATION

POLYESTER RESIN COMPOSITION AND PROCESS
FOR THE PREPARATION THEREOF

The present invention generally relates to polyester resin
compositions and to processes for their preparation. More
particularly, the present invention provides low cost resin
compositions exhibiting improved processability from which

" molded articles having reduced distortion and/or warpage can
be made. Moreover, such articles ¢an be made without
adversely affecting the polyester resin's otherwise excellent

inpherent mechanical properties. '

.
s e

‘ﬁ*ﬁﬁermbpiasti; polyester resins such as polyalkylene
”véerephéhélate resins have excellent mechanical and electrical
properties, as well as desirable physical and chemical
' characteristics. As a result, polyester resins have been used
as engineering plastics in an extensive field of end-use
applications including automobiles, electrical and electronic
apparatus, and the like.

Although thermoplaﬁﬁic polyester resins can, in and of
themselves, be molded into articles, various reinforcements or
additives havé'typieglly been incorporated in polyester resin
compositions (depending upon the field of application) so as
to obtain improved resin properties, particularly mechanical
properties.
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The present invention generally relates to pol yester res
to processes for their preparation. Mre particularly,
*invention provides |ow cost resin conpositions exhibitifg cﬁtk%ﬁp
processability from which nol ded art.icles having reduced di st COT T 1 O SFrere
war page can be made. Moreover, such articles can be made w thout adversely
affectlng the polyester resin's otherw se excellent inherent nechanical
properties. ThernDpIastlc pol yester resins such as pol yal kyl ene
terepht hal ate r-esins have excell ent mechanical and el ectrical properties,
as well as desirable physical and chemical characteristics. As a result,

pol yester resins have been used as engineering plastics in an extensive
field of &hdiasalappreiadt koawn fdlagdibie addnbiin exf 2|fdtduml and

el ectroni co2RPatabMEntaNduthealsi K8 ass or carbon fibres, imparts
desirably high mechanical strength properties and increased

rigidity to the thermoplastic polyester resins. However,
molded articles formed of thermoplastic polyester resins
containing fibrous reinforcement materiéls tend to distort
(warp) and thus cannot be used in environments where close
spatial tolerances are required.

The present invention is directed towards solving the
distortion problems associated with molded articles formed of
fibre-reinforced polyester resins. More particularly, the
present invention is directed towards enhancing the distortion
resistance of polyester resin compositions containing fibrous
.reinforcement and/or flaky fillers without damaging the |
otherwise excellent mechanical properties associated with
polyester resins. In this regard, the present invention
broadly resides in the use of binder-agglomerated olass
granules (to be described below) instead of conventional flaky
filler materials in combination with a fibrous reinforcement
medium so as to attain polyester resin compositions of
decreased distortion when molded.

More specifically, the present invention relates to novel
fibre-reinforced polyester resin compositions including (A)
between 20 and 94% by weight (based on the total composition
weight) of a thermoplastic polyester resin with (B) between 3
and 65% by weight (based on the total composition weight) of a
fibrous reinforcement medium and (C) between 3 and 65% by
weight (based on the total composition weight) of
binder-agglomerated glass granules.

The present invention is further characterlsed by methods to
obtain such a composition whereby the above-noted components

are mixed together and then melt- blended

I 1



Al £ hough t her nopl astic pol yester resins can, in and of
nmol ded into articles, various reinforcements or additi -SHHESBFEVHAQQEEN

* been incorporated in polyester resin conpositions (dep ndlngﬁupqnctbe fle d
of application) so as to obtain inproved resin properti€s—parceharsy
mechani cal properties.

The invention thus provides a process for preparing a
fibre-reinforced polyester resin composition comprising
melt-blending (A) a thermopléstic polyester resin, (B) between
3 and 65% by weight, based on the total composition weight, of
a fibrous reinforcing medium, and (C) betbeen 3 and 65% by
weight, based on the total composition weight, of
binder-agglomerated glass granules.

The invention further provides a process for preparing a
fibre-reinforced polyester resin composition comprising the
steps of:

forming a mixture of (A) a thermoplastic polyester base
resin, (B) a fibrous reinforcing medium and (C') glass flakes,
and

dispersing the said glass flakes in the said mixture,
wherein ' '

the step of dispersing the said glass flakes includes
the steps of (i) introducing the glass flakes into the mixture
in the form of binder-agglomerated glass granules (C) each
comprised of glass flakes and a binder, said
binder-agglomerated glass granules (C) having a mean particle
diameter of between 100 pm and 2000 pum, and a maximum
particle diameter which does not exceed 5000 pum, and then
(ii) melt-blending the said polyester base resin (A), the said
fibrous reinforcing medium (B), and the said
binder-agglomerated glass granules (C) to form a molding

composition.

The thermoplastic polyester resin (A) that may be used in the
compositions of the present invention is a polyester prepared
by the polycondensation of palyester forming monomers. Thus,
the polyester may be prepared by polycondensing a dicarboxylic
acid compound and a dihydroxy compound, 2 hydroxy carboxylic
acid compound itself or any comb;nation of the same. The

compositions of the present invention may include
homopolyestecrs and/or copolyesters. ﬂwdthB“mR1mme
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2. It is also well knomn that the addltlon of a flu-nn“.___" at-cepent,
such as glass or carbon fibres, inparts desirably h

However, nol ded artlcles formed of thernopl astic potFre
contalnlng fibrous reinforcenent materials tend to distort (warp) and thus
cannot be used in environnents where close spatial tolerances are required.

4

Examples of the dicarboxylic acid compound that may be used in
the preparation of the polyester resin include well-known
dicarboxylic acids such as terephthalic, isophthalic,
napthalenedicarboxylic, diphenyldicarboxylic, diphenyl ether
dicarboxylic, diphenylethanedicarboxylic,
cyclohexanedicarboxylic, adipic and sebacic acids and alkyl,
alkoxy or halogen-substituted derivatives thereof.
Furthermore, these dicarboxylic acids may each be used in the
polycondensation as an ester-forming derivative, such as
dimethyl ester. Two or more of the dicarboxylic acid
compounds may be used simultaneously, if desired.

Examples of the dihydroxy compound that may be used to prepare
the polyester resin employed in the compositions of this
invention include dihydroxy compounds, such as ethylene
glycol, propylene glycol, butanediol, neopentyl glycol, _
hydroquinone, resorcinol, dihydroxyphenyl, naphthalenediol,
dihydroxydiphenyl ether, cyclohexandiol,
2,2-bis(~hydroxyphenyl)propane and diethoxylated bisphenol A;
polyoxyalkylene glycols and alkyl, alkoxy or
haloden-substituted derivatives thereof. The dihydroxy
compounds may be used either alone or as a mixture of two or
more of the same. '

Examples of suitable hydroxy carboxylic acids include hydroxy
carboxylic acids themselves, such as hydtoxybenzoic acid,
hydroxynaphthoic acid and diphenyleneoxycarboxylic.acid;'and
alkyl, alkoxy or halogen-substituted derivatives thereof.
Furthermore, ester forming derivatives of these hydroxy
carboxylic acids may be used. According to the present
invention, one or more of the compounds may be ehployed during
the polycondensation reaction. o
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SEE | NSERTI ON ANNEXED HERETO ( PAGE. 2a) The present invel
towards solving the distortion problens associated with
Tormed of fibre-reinforced polyester resins. Mre parti
invention is directed towards enhancing the distortion

pol yester resin conpositions containing fibrous rei nf or cenent and/ o

ion is directed

fillers wthout damagi ng the otherw se excell ent mechani cal properties
associated with polyester resins. In-tdis regard, the present invention

broadly resides in the use of binder-aggl onerated gl ass

granules (to be

descri bed bel ow) instead of conventional flaky filler materials in
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Etamples of preferred trifunctional monomers inc
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Mor‘e specifically, the present invention relates to novel fibre-reinforced
pol yester resin conpositions including (A between 20 gpe=94%by weight
(based on the total conposition weight) of a thernopl asf iTeHPOHEESHAR S5 F
with (B) between 3 and 65% by wei ght (based on the totg| compesilkicsn
wei ght) of a fibrous reinforcenment nediumand (C) betweemrm 3 —-aft -
~wei ght- (based on the total conposition weight) of binder-aggl onerated gl ass

granul es SEE | NSERTI ON. ANNEXED HEREEO (PAGE 2b) The present invention is
further characterised by nmethods to obtain such a conposition whereby the
above-not ed conponents are m xed together and then nelt-bl ended.

The fibrous reinforcement medium (B) that may be used in the

compositions of the present invention is not pacticularly

limited. Thus, usable fibrous reinforcement media within the
scope of the present invention includes mineral fibres, such
as glass Eibres, carbon fibres, graphite fibres, metal
whiskers, metal fibres, silicon carbide fibres, asbestos
fibres and wollastonite fibres, in addition to various organic
fibres. The use of any particular fibrous reinforcement
medium or combination of fibrous reinforcement media may
suitably be selected in dependence upon the resin properties
that may be desired for a given end-use application, for
example, structural reinforcement and/or electrical
conductivity properties, or improvements to the resin's
frictional characteristics or flame retardancy.

The diameter and length of the fibrous reinforcement medium
(B) may each be arbitrarily selected depending upon the
required performance .characteristics, such as mechanical
properties or distortion resistance. It is generally suitable
to use glass fibres having a diameter of a least lum and a
length of a legst 15um, and preferably glass fibres having a
diameter of between 2 and 20um and a length of at least

Soum. If necessary, a sizing agent or surface treatment may
be used with the fibrous reinforcement medium, examples of
which include functional compounds such as epoxy, isocyanate,
silane and titanate compounds. If employed, the sizing
compounds will be present in amounts up to 10% by weight, and
preferably, between 0.5 and 5% Ey weight (based on the weight
of the fibrous reinforcement medium). These sizing compounds
may each be pré-applied to the fibrous reinforcement medium,
or may be added to the,resin'composition.as an independent
component simultaneously with the fibrous reinforcement medium

during preparation of the composition.
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Qur earlier European patent speC|f|cat|on EP- A- 0122560 di scl oses a
thernnplastlc resin conposition which conprises a cryst
‘resin, areinforcing fibre, a flaky filler and polycarb nJHESQhEHTHﬂs%ﬁ%N
object of providing a thernoplastic resin conposition wjth a h@ﬁtdegbee of
deformati on and excel |l ent nmechani cal properties. It in tOrnTT
Australian patent specification No. 522577 discloses a fairly satisfactory
conposition conprising a thernoplastic resin, reinforcing fillers and fl aky
fillers. Japanese patent specification JP-A-63/201041 discl oses gl ass

fl akes Thatahawetunfethend i rowsl aed nifoestememt wiediwn Bitadi nig ageed iamd a
coupllng?€ @ggtmﬁhghoqa@hgg qﬁggn%gorel é%%BHH f Qnd jﬂH%EBtIC

resins |ons that in_the past gl ass es used in conp05| es have
been Suw¢a§@ttréageareferably between 5 and SOs by weight, based on

the total composition weight. If less than 3% by weight of

the fibrous reinforcement medium is employed, then little (LE

any) reinforcement effect is obtained. On the other hand, if

the amount of fibrous reinforcement medium exceeds 65% by

weight, then difficulties are encountered during molding of
the resulting composition.

The compositions of the present-invention are especially
characterized by containing binder-agglomerated glass granules
as component (C) in addition to the above described fibrous
reinforcement medium as component (B).

The simultaneous use of a fibrous reinforcement medium and a
flaky filler material such as glass flakes or mica flakes has
previously been proposed for reducing the distortion or.
warpage of molded articles, and in this regard, such a
combination provides some measure of effectiveness. However,
the result in terms of distortion and/or warpage is still
unsatisfactory. Particularly, when large amounts of
reinforcement media are used, productivity problems in forming
molded articles are typically encountered thereby lowering
productivity.

Surprisingly} it has now been found that the use of glass

flakes that have been agglomerated with a binder remarkably

reduce distortion and warpage of molded articles. 1In _
addition, processing problems such as "flying" and "bridging"”

are avoided, presumably because the agglomerated giass flakes

are more readily dispersible in the polyester base resin as

compared with conventional (non-agglomerated) glass flakes

employed previously. As a result, essentially no fractures

during extrusion and kneading are encountered. -

Has Been Reﬁaced

"I \Ill\\ L



wi tth silane coupling agents, titanium coupling agents or zi rconi a coupl-i ng
agents to increase the adhesion of the resin matrix and to _provide nore

even distribution or that they have been treated with in rggp;quE#F..aii,
with or w thout subsequent surface treatnment with silane couﬁrgﬁgzgﬁégﬁﬁtN “

-
.
'

The term "binder—agglomerated glass granules” used herein and
in the accompanying claims is intended to refer to a glass
granule having a major axis of between 50 and 5000um and
obtained by agglomerating a number of discrete glass flakes
each having a mean particle diameter of between 5 and 1000pm
and a mean thickness of between 0.5 and 7um with a binder
(preferably a thermoplastic binder resin). If the effective
granule size is too sméll, then the benefits sought by the
present invention cannot be attained. However, if the granule
size is too large, then poor dispersibility of the flakes in
the matrix resin will result. According to the present
invention, it is preferable that the agglomerated glass
granules have a mean particle diameter of between 100 and 2000
pm, and more preferably between 300 and 2000 um, and a

maximum particle diameter not exceeding 5000 um.

The binder used to agglomerate the glass flakes is not
particularly limited. Thus, virtually any binder capable of
agglomerating glass flakes may be used, provided of course
that it does not exert adverse effects upon the polyester
matrix resin. Particular examples of the binder that may be
used include addition of polymers of an olefinic monomer such
as polyvinyl acetate, polyacrylate, polyvinylpyrrolidone,
(acid-modified) polyethylene and (acid-modified) polypropylene
and copolymers thereof; polyaddition products such as
polyurethane and polyurea; polycondensation products such as
unsaturated polyester, nylon and epoxy resin; ring-opening
polymerization products such as nylon 6 and
polyethyloxazoline; addition condensation products such as
urea-formalin resin; and epoxysilane, among which
thermoplastic resins and epoxy resins are especially preferred.

This Sheet Has Been Reﬁaced
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such granul es having a nmajor axis of between 50and 5000 [err] and belng
aggl onerations of binder resin with pluralities of discreteffgF =

.+ each having a nean particle dianmeter of between 5 and 1000 [urh
t hi ckness of between 0.5 and 7[err]
3 . . . : S —

The binder-agglomerated glass granules can be prepared by the
use of a binder as described above according to any known
agglomeration technique. For example, the binder-agglomerated
glass granules can be prepared by adding glass flakes to a
solution of a binder in a suitable organic solvent, and then
mixing the components in a fluidized state, followed by drying
the resulting mixture.

The glass flakes that are agglomerated may first be subjected
to a surface treatment using coupling agents for the purpose
of enhancing the adhesion and/or dispersibilty of the flakes
in the matrix resin. The surface treatment may be carried out
simultaneously with the agglomeration of the glass flakes.
Alternatively, a coupling agent may be added independently
during the preparation of the resin composition. The coupling
agents that may be used for the above purpose include epoxy,
isocyanate, silane, titanate ‘and zirconia compounds. Of-
these, epoxy and silane compounds are especially preferred.

The amount of the binder-agglomerated glass granules that may
be used in the present invention is between 3 and 65% by
weight, and preferably between 5 and 50% by weight (based on
the entire composition weight) that the total amount of the
fibrous reinforcement medium and the\ginder—agglomerated glass
granules (i.e. the total of components (B) and (C)) does not
exceed 65% by weight of the entire composition. 1If the amount
of binder-agglomerated glass granules is less than 3% by
weight, then little (if any) beneficial effect is realized.

On the other hand, 1f the amount of binder-agglomerated glass
granules exceeds 65% by weight, then molding difficulties will

be encountered.

-
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The invention thus provides a process for preparing a fibre-reinforced
pol yester/resin conposition conprising nelt-blending ( _
“pol yester resin, (B) between 3 and 65% by wei ght, based ®HIS$rEROHAP BEEN
conposi tion meight of a fibrous reinforcing nedium afd (C) REELREER 3 a
65% by wei ght, based on the total conposition weight, of

bi nder - aggl oner at ed gl ass granul es The invention further provides a
process for preparing a fibre-reinforced polyester resin conposition
conprising the steps of: forniana.nixture of (A) a thernoplastic
pol yester base resin, (B) a fibrous reinforcing nediumand (C) glass

(ke e cOMGIB BN N ) 8L TER LopLoBeharcBouans 100 [or

contain other additives conventionally used in thermoplastic

or thermosettlng resins so as to impart desired physical
characteristics thereto. Examples of additives that may be
used include powdery, granular and flaky inorganic fillers,
(i.e. other than the binder-agglomerated glass granules noted
above); stabilizers such as antioxidants, heat stabilizers,
and ultraviolet absorbers; flame retardants, antistatic
agents; lubricants; mold release agents; colorants such as
dyes and pigments; lubricating oils; plasticizers:
crystallization accelerators and nucleating agents.

The compositions of the present invention can be easily
prepared using conventional processes for the preparation of a
reinforcement~filled resin. More particularly, the fibrous
medium (B) may be used in the form of a chopped strand or
roving and if necessary, may be cut into suitable sizes or _
used as a filament. The necessary components according to the
present invention may then be mixed together, kneaded and
extruded with a conventional extruder to give a pelletized
composition. In this regard, little (if any) fracturing
and/or pulverization of the glass flakes ensue - a problem
associated with processing of prior art compositions.

Alternatively, the fibrous reinforcement medium (B) and the
binder-agglomerated glass flakes (C) may be added into a melt
phase of the polyester resin in an extruder. Even in such a
"two-stage" addition process, the processability of. the
composition is extremely improved and fracturing of the
fibrous reinforcement and/or glass flakes in the extruder is
reduced so as to p;ovide a composition exhibiting excellent
mechanical properties and distortion resistance.

is Sheet Has Been Replaced -
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di,spersing.the said glass flakes in the said mxture, -
step of dispersing the said glass flakes includes the st
vintroducing the glass flakes into the mxture in the forn
bi nder - aggl onerated gl ass granules (C) each conpri sed of<gr=as L-ak

bi nder, said bi nder-aggl onerated glas_lgranules (© having a nmean part
di aneter of between 100 [err] and 20007Jerr] and a maxi mum particle

di amet er which does not exceed 5000 [err] and then (ii) melt-blending the

sai d polmyes teeymgaasiet s o Ahe theeSaitd {hbEOtBo s €h Né Ot oL e SRt Lan (), and

t he sai d hinder- a ated glass granules (C) to.forma | dii n

conposi t36H 3¢ emg‘q’ltcﬁe%m%?%s%%“b%l?e&%‘m‘f%s%%?%r??‘u%?nﬂg@e‘%’e‘g‘ﬁs%%di n

t he conpdsids wragpfonera frdsrhiss nyearu bes | Bram pohyesterlpedpareidcles
can be prepared having significantly reduced distortion

icle.

(warpage), as compared to compositions of the prior art which
contain non-agglomerated glass flakes. 1In addition, the
mechanical strength properties (such as tensile strength) are
improved. Furthermore, the compositions of the present
invention do not exhibit problems associated with the prior
art, such as clogging by the glass flakes or poor extrusion
properties. Thus, the compositions of the present invention

_are of a more consistent quality and can be made with enhanced
productivity.

The compositions of the present invention may be used to form
exterior trim parts and structural and functional parts and
components of automobiles, electrical appliances and other
devices. Particular examples of the use of the composition
include automotive exterior trim parts such as fenders,
bumpers, fuel lids, louvres, lamp housings and outer door
handles; structural components, such as the chassis audio,
video tape recorders and stereos; and working parts such as
gears, cams, levers, guide stays; clutches and rollers.
Furthermore, the compositions may be used in electrical or
electronic components such as connectors, switches, relays,
coils, bobbins, key stems or chassis; cameras, radios, various
office automation machines such as facsimile, copying
machines, or computers; IC cases, capacitor cases or motor
parts.
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by t he poIyCOﬂdensaL+eﬁ—ﬁ+—pr7éSter forn1ng nmononers. Thus, thé_polyester

und and a

may be prepared b densdemg a dicarboxylic acid
“di hydr oxy conp carboxyllc aci d conpound i taR &y

conbi nati on of t \ % onposi tions of the preseft mvgg';L @
i ncl ude honopol y opol yesters. '
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EXAMPLES

The present invention will now be described in detail

referring to the following non-limiting Examples.

The methods for evaluating the characteristics employed in the
following Examples are as follows:

(1) D mination i ion:

A flat test piece (80 mm x 80 mm x 2 mm) having one gate on
its side was molded and placed on a surface plate so as to
measure the distortion of the most significantly distored part
(i.e. that part wherein the gap between the surface plate and
the test piece is largest) of the test piece.

(2) Tensile strength:

Determined according to ASTM D 638. The results in Table 1

are given in kg/cmz. 1 k’g/cm2

MPa, i.e. approximately equal'to 0.1 MPa.

is equivalent to 0.0981

(3) Processability during extrusion
v i i i m ition):

A mixture comprising a polyestér resin and glass fibre and/or
glass flakes was extruded with an extruder having an inner
diameter of 40 mm. The feeding state into an extruder
(adhesion or clogging of glass fibre or glass flake in a
hopper), the bite of the feed and the state of the extrudate
(breakage of strand or surging), were visually observed and
categorized using the following four criteria:

(not observed) adhesidn or clogging in hopper (significant)

(good) strand breakage or surging (poors



such granul es having a major axis of between 50 and 5000 [err] and being
aggl onerations of binder resin with pluralities of discrete glass flakes
each having a nean particle diameter of between 5 and .-[err]l_and a nean

t hi ckness of between 0.5 and 7 [err] - THIS SHEET HAS BEEN

REPLACED
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Polybutylene terephthalate alone or a mixture thereof with
polyethylene terephthalate or polycarcbonate, 3taczs fibres and
binder agglomerated glass flakes were preliminarily mixed
together in a ratio as specified in Table 1, fed into an
extruder at a rate of 12 kg/h and melt-kneaded to obtain a
pelletized composition. This composition was then injection
molded into various test pieces. These test pieces were
evaluated according to the above-mentioned criteria. The
results are shown in Table 1.

A pelletized composition was prepared in the same manner as
that of the foregoing Examples except that polybutylene
terephthalate and either glass fibres or agglomerated glass
flakes were used and evaluated in a similar maaner to that
described above. The results are shown in Table 1.

Polybutylene terephthalate alone or a mixture thereof with
polyethylene terephthalate or polycarbonate, glass fibre and
non-agglomerated glass flakes were mixed together at a ratio
as specified in Table 1, fed into an extruder at a rate of S
kg/h and melt-kneaded to obtain a pelletized composition.
This composition was then injection—molded into vacrious test
pieces. The test pieces were examined according to the
above-mentioned methods. The feeding rate in these Examples
was first set at a rate of 12 kg/h similar to the foregoing
Examples. However, the glass fibres and glass flakes clogged
at the joint zone between the feeder and the extruder theceby _
S —
HmemReh@ﬂ
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Exanpl es of the dicarboxylic acid conpound that may be used in the
preparation of the polyester resin include well-known dicarboxylic acids
such as terephthalic, isophthalic, napthal enedi carboxyld _
di phenyl di car boxyl i c, diphenyl ether dicarboxylic, THIS SHE

di phenyl et hanedi car boxyl i ¢, cycl ohexanedi carboxylic, a |ﬂ(§%ﬁ§i&“@%§%§“
acids and al kyl, al koxy or hal ogen-substituted derivati £
Furthernore, these dicarboxylic acids may each be used in the

pol yconqdgnsiatd Uk sy s eSd = f or n.ng derivative, such as dinethyl ester.
Two or npre é% t he dicd?ﬁ%géﬁigug%id Rorpsdnag Liay the Gegd spiul waseousl y,

i f desiri@¥ered&amAna- e et dihydr ogythénpovagdothat ERaMphesUS8d tha

prepar e dHee dqapesitterod L4l EIPLOY in_the.co sitions of thi's invention
i ncl ude _di hydroxy, conpounds, sudﬁ §1£€ﬁ§fﬁﬂe "PRS" redliTes  are' Shown

While the invention has been described in connection with whaé
is gresently considered to be the most practical and preferred
embodiment, it is to be understood that the invention is not
to be limited to the disclosed embodiment, but on the
contrary, is intended to cover various modifications and

equivalent arrangements included within the spirit scope of
the appended claims.
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I nmore of the sane.l5 Exanples of surtapte fiyd
carboxylic acids include hydroxy carboxylic acids thensel ves,

et her,
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ester form ng derivatives of these hydroxy carboxylic acids
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“éhsétidn reaction. _ 5
: which result

i ~onal .nononer is-..u GﬂﬂSﬁw@ﬁ@Aﬂé%kéﬁ) he
above-noted nnnoner conponents may : REPLACED 2
16
I —
illiimin
CLAIMS
1. A process for preparing a fibre-reinforced polyester

resin composition comprising melt-blending (A) a thermoplastic
polyester resin, (B) between 3 and 65% by weight, based on the
¢ total composition weight, of a fibrous reinforcing medium, and
(C) between 3 and 65% by weight, based on the total
composition weight, of binder-agglomerated glass granules.

2. A process as claimed in claim 1, wherein the
binder-agglomerated glass granules (C) include glass flakes
agglomerated in a binder resin.

3. A process as claimed in claim 2, wherein -the
binder-agglomerated glass granules (C) consist essentially of
discrete glass flakes agglomerated in the binder resin.

4. A process as claimed in any precéding claim, wherein
' the binder-agglomerated glass granules (C) have a mean
particle diameter of between 100 and ZOOOum; and a maximum
particle diameter which does not exceed 5000 um.

* [ L M S *



ga}sa,pe Eﬂployed |n t he conp05|t|on of the present invention. Exanples of

= eners. incl ude trinelliti trInESIC and .
"pyronel litic acids, pentaerythritol and trlnethylolnﬁg e, PCeo =30 to
the present invention, all of the thernoplastic polf] F8 )
by the pol ycondensation of the above-noted nononer akea
conponent (A) either alone, or as a mxtyge of two or nore o
is preferred, however, that the polyester resin conponent (A) be a
crystal line pol yal kyl ene terephthal ate, for exanple pol ybutyl ene
terepht hal at e TPBT)A polyethyteneptepephh ahaEeb(:EE'f)alﬁIanLGﬂp@byy‘Ester
containin o ht.of o] Iene erepht hal ate or
polyethylgﬁ%; eredﬁ%ﬁg ; %“3§+ %r1$1ng LM LeBEtoke"

Eormlng a mixture of (A) a thermoplastic polyester

base resin, (B) a fibrous reinforcing medium and (C*') glass
Elakes,'and' ' |

dispersing the said glass flakes in the said mixture,
wherein _

the step of dispersing the said glass flakes includes
the steps of (i) introducing the glass flakes into the mixture
in the form of binder-agglomerated glass granules (C) each
comprised of glass flakes and a binder, said
binder-agglomerated glass granules (C) having a mean particle

) diameter of between 100 um and 2000 um, and a maximum

particle diameter which does not exceed 5000 pm, and then
(ii) melt-blending the said polyester base resin (A), the said
fibrous reinforcing medium (B), and the said
binder-agglomerated glass granules (C) to form a molding
composition.

6. A process as claimed in any preceding claim, wherein
the said thermoplastic polyester resin (A) is at least one
selected from a homopolymer of polybutylene terephthalate
resins and polyethylene terephthaléte resins or a copolymer
containing polybutylene terephthalate or polyethylene
terephthalate units in an amount of a least 60% by weight.

7. A process as claimed in any preceding claim, wherein
the said thermoplastic polyester resin (A) contains between 3
and 30% by weight of a polycarbonate resin.

8. A process as claimed in any preceding claim, wherein
the Eibrous reinforcing medium (B) includes glass fibres.
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?he thernDpIastlc polyester/re5|n in conponent (A) may
about 30@6by wei ght of other thernoplastic reS|ns such as
4 : = ol.efi.ns, fluororesi-ns o I|c resins.
Partlcularly, |ncorporat|ng an anor phous thernopl astic - 3eH
a crystalline polyester resin as conponent (A) yields f
distortion of nolded articles. Thus, in sone cases, a Conbig
crystalline thernoplastic polyester reS|QPand an anorphous resin is

a

preferred. In this regard, the incorporation of one or nore nenbers
sel ected from anong pol ycarbonates, ABS resins and phenoxy resins together:
with a 9. A peaodepsefier abbymbat Waeand @nécéﬁ%nbcheughtwwbﬁkln

poLyear bonghe bERGE: CEYR! Bhb' BEnbBLTR01556 13 ¢RY YIBHE' graRlTes 3IPRY A 1Y
selected from thermoplastic resins and epoxy resins.

10. A process as claimed in any preceding claim, wherein
the binder-agglomerated glass granules (C) include glass
flakes each having a mean particle diameter of between 5 and
1000um and a mean thickness of between 0.5 and 7um.

11. A process as claimed in any preceding claim, wherein
the fibrous reinforcing medium (B) and the binder-agglomerated
glass granules (C) are collectively present in the composition

¢ in an amount not exceeding 65% by weight based on the total
composition weight. '

12. A polyester resin composition prepared by a process

as set forth in any preceding claim.

13. A molded article formed of a polyester resin
composition prepared by a process as set forth in any of

claims 1 to 11.

14. A fibre-reinforced polyester resin composition
including (A) between 20 and 94% by weight (based on the total
composition weight) of a thermoplastic polyester resin with
(B) between 3 and 65% by weight, based on the total
composition weight, of a fibrous reinforcement medium and (C)
between 3 and 65% by'weight, based on the total composition
weight, of binder-agglomerated glass granules.

15. A composition as claimed in claim 14, wherein the
binder-agglomerated glass granules (C) have a mean particle
diameter of between 100 and 2000um, and a maximum particle
diameter which does not exceed 5000 pum.

This Sheet Has Been RT
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ﬁ:ﬂ:forcenent nedlun1(B) that may be used in the
. =1a Lon 1s not partlcularly I|n1ted Thus,

i nvention includes mneral fibres, such as gl ass f|br.
graphite fibres, netal

19

16. A composition as claimed in claim 14 or ~laim 15

D,
wherein the binder-agglomerated glass granules (C) include
glass flakes each having a mean particle diameter of between 5

and 1000um and a mean thickness of between 0.5 and 7um.

-
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whi*skers, nmetal fibres, silicon carbide fibres, asbestos fibres and

Mol | astonite fibres, in addition to various organic fibres. The use of any
‘particular fibrous relnforcenent medi um or conbi nat i on|fQFFbraus

rei nforcenment nedia may suitably be selected in dependg
properties that nmay be desired for a givgp end-use appid
exanpl e, structural reinforcenent and/or electrical conductivity -
properties, or inprovenents to the resin's frictional characteristics or
fl ame retardancy. The dianmeter and | ength of the fibrous reinforcenent
medi um (B) nmay each be arbitrarily sel ected dependi ng upon the required
performance characteristics, such as nechani cal properties or distortion
resistance. It is generally suitable to use glass fibres having a dianeter
of aleast [err] and a length of a least [err] and preferably glass fibres
havi ng a

ABSTRACT

POLYESTER RESIN COMPOSITION AND PROCESS
FOR THE PREPARATION THEREOF

Polyester compositions exhibiting decreased distortion
(warpage), improved processability and productivity are
produced by melt-blending a thermoplastic polyester resin with
between 3 and 65% by weight of a fibrous reinforcing medium,
and between 3 and 65% by weight of binder-agglomerated glass
granules.

This Sheet Has Been Reﬂlaced
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di aneter of between 2 and 20[err] and a-length of at.le

necéssary, a sizing agent or surf EFeaERERE ugf ' : :
‘relnforcenent medi um exanpl es of || W' BHERE IHAGBERMGt | 0 S %ﬁgsb%%ﬁ
as epoxy, isocyanate, silane and it andtig"leG¥itbunds || |

si zi ng conpounds wi Il be present I'h anounts up to to% b

preferably, between 0.5 and 5% by weight (based on the melght of the
fi brous reinforcenent medium. }@%§%1 fa% conpounds nay each be

pre-applied to the fibrous rein orcene medi um or nmay be added to the

resin conposition as an independent conponent sinultaneously with the

fi brous reinforcenent. medi um during preparation of the conposition
POLYESTER RESIN COMPOSITION AND PROCESS

FOR THE PREPARATION THEREOF"

The present invention generally relates to polyester resin
compositions and to processes for their preparation. More
particularly, the present invention provides low cost resin
compositions exhibiting improved processability from which
molded articles having reduced distortion and/or warpage can
be .made. Moreover, such articles ¢an be made without
adversely affecting the polyester resin's otherwise excellent
inherent mechanical properties.

Thermoplastic polyester resins such as polyalkylene
terephthalate resins have excellent mechanical and electrical
propecties, as well as desirable physical and chemical
characteristics. As a result, polyester resins have been used
as engineering plastics in an extensive field of end-use
applications including automobiles, electrical and electronic
apparatus, and the like.

{ - Although thermoplastic polyester resins can, in and of
themselves, be molded into articles, various reinforcements or
additives have typically been incorporated in polyester resin
compositions (depending upon the field of application) so as
to obtain improved resin properties, particularly mechanical
properties.

Sheet Has Been Re(:laced
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7. The anount of the fibrous reinforcenment medium that g
conpositions of this invention_s. between 3 and 65% by
“preferably between 5 and 50%b"’7ﬁﬁ§oh hbased—on=i he t ofja
weight. If less than 3% by melﬁht of | einfo c@Me un1+s
enployed, then little (if any)leei F
other hand, if the anmpunt of fibrous reinforcement nedlunlexceeds 65% by
wei ght , then difficulties are encountered during nolding of the resulting
conposi tion.

gmACWTSHEET

- It is also well known that the addition of a fibrous
reinforcement, such as glass or carbon fibres, impacts
desirably high mechanical strength properties and increased
rigidity to the thermoplastic polyester resins. However,
molded articles formed of thermoplastic polyester resins
containing fibrous reinforcement materials tend to distort
(warp) and thus cannot be used in environments where close
spatial tolerances are required.

ﬁ) The present invention is directed towards solving the
distortion problems associated with molded articles formed of
fibre-reinforced polyester resins. More particularly, the
present invention is directed towards enhancing the distortion
resistance of polyester resin compositions containing fibrous

.reinfoccement andsor flaky fillers without damaqing the
otherwise excellent mechanical properties associated with
polyester resins. 1In this regard, the present iavention
broadly resides in the use of binder-agglomerated glasq
granules (to be described below) instead of conventional £laky
filler materials in combination with a fibrous reinforcement
medium so as to attain polyester resin compositions of

"decreased distortion when molded.

More specifically, the present invention relates to novel
Eibre-reinforced polyester resin compositions including (A)
between 20 and 94% by weight (based on the total composition
weight) of a thermoplastic polyester resin with (8) between 3
and 65% by weight (based on the total composition weight) of a
fibrous reinforcement medium and (C) between 3 and 65% by
weight (based on the total composition weight) of
binder-agglomerated glass granules.

The present invention is further characterised by methods to
obtain such a composition whereby the above-noted components
are mixed together and then melt-blended. [

eet Has Been Replaced
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“ The conpositions of the present invention are especially characterized by
cant aj ni ng bi nder-aggl omerated gl ass granul es as conponet—=(E=ina=addi-tilon
to..the above described fibrous r Of cer =ty as. CYnREPIACENENT SHEET
i nsertion annexed hereto, - The ¢i MllSt&weoudAnigeent]la fi Brous rei nf or cenent
‘mediumand a flaky filler materi sucﬁ"*ﬁéf"‘?ﬁassjﬂj hkes rDmcg.AJ.dllﬂe.%,s,
previ ously been proposed for reducing the storttroh or

articles, and in this regard, such a conbhﬁ%icwnprovides sonme neasure of
ef fectiveness. However, the result in terns of distortion and/or warpage is
still unsatisfagtampuEsParticul arly, when | arge anmounts of reinforcenent
nmedi a are used, productivity problens in formng nolded articles are

typically encountered therer Iomering productivity. ) .
The present 1in ent;on will now be desctibed in detail

referring to the following non-limiting Examples.

The methods for evaluating the characteristics employed in the
following Examples are as follows:

(1) Determination of distortion:

A flat test piece (80 mm x 80 mm x 2 mm) having one gate on
its side was molded and placed on a surface plate so as to
measure the distortion of the most significantly distored parct
(i.e. that part wherein the gap between the sucface plate and
the test piece is largest) of the test piece.

(2) Isn:ils_atzeng;h:

Determined according to ASTM D 638. The results in Table 1
are given in kg/cmz. 1 kg/cm2 is equivalent to 0.0981

MPa, i.e. approximately equal to 0.1 MPa.

(3) Processability during extrusion

(observed duri lletizati w irion):

A mixture comprising a polyester resin and glass fibrce and/or
glass flakes was extruded with an extruder having an inner
diameter of 40 mm. The feeding state into an extruder
(adhesion or clogging of glass fibre or glass flake in a
hopper), the bite of the feed and the state of the extrudate
(breakage of strand or surging), were visually observed and
categorized using the following four criteria:

{(not observed) adhesion or clogging in hopper (significant)

(gocod) strand breakage or surging (poots

This Sheet Has Been Replaced -
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Surprisingly, it has now been found that the use of gl as
their .incorporation into the pol I tionjf
“been agglonerated with a binder/ éﬁﬂSE&ﬁEVHWSﬂHENc stort

nol ded articles. In addition, pr uch as

"bridgi ng" are avoi ded, presunab oner at ed glass fl akes

are nore readily dispersible I n the pol yester base resin as conpared with

conventional (non-aggl onerated) glass &hgkes enpl oyed previously. As a

result, essentially no fractures durin xtrusi on and kneadi ng are

encount er ed.

1. A process for preparing a fibre-reinforced polyester
resin composition comprising melt-blending (A) a thermoplastic
polyester resin, (B) between 3 and 65% by weight, based on the

¢ total composition weight, of a fibrous reinforcing medium, and
(C) between 3 and 65% by weight, based on the total
composition weight, of binder-agglomerated glass granules.

2. A process as claimed in claim 1, wherein the -
binder-agglomerated glass granules_(C) include glass flakes
agglomerated in a binder resin.

3. A process as claimed in claim 2, wherein the
binder-agglomerated glass granules (C) consist essentially of
\ discrete glass flakes agglomerated in the binder resin.

4. A process as claimed in any preceding claim, wherein
‘ the binder-agglomerated glass granules (C) have a mean
particle diameter of between 100 and 2000um, and a maximum
particle diameter which does not exceed 5000 um.

This Sheet Has Been Rerlaced
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7a. | Such granul es have a major axis of between_50_and
and’ are aggloneratlons of bind -=PeSLﬂ;M&L_‘£tyralltleS oﬁiﬁnggmgﬁwghast

"'l akes eaahis bieimRg dar t jjcTeSdiemtgx i ween § and 1000 er&
a mean thic “mm““ I)ﬂ liﬁen 0. B and Refexedp
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5. A process for preparing a fibre-reinforced polyester

resin composition comprising the steps of:

forming a mixture of (A) a thermoplastic polyester
base resin, (B) a fEibrous reinforcing medium and (C') glass
Elakes, and

dispersing the said glass flakes in the said mixture,
wherein

tEhe step of dispersing the said glass flakes includes
the steps of (i) introducing the glass flakes into the mixture
in the form of binder-agglomerated glass granules (C) each
comprised of glass flakes and a binder, said
binder-agglomerated glass granules (C) having a mean particle

¢ diameter of between loolum and 2000 pm, and a maximum

pacticle diameter which does not exceed 5000 um, and then
(ii) melt-blending the said polyester base resin (A), the said
fibrous reinforcing medium (B), and the said |
binder-agglomerated glass granules (C) to form a molding
composition.

6. A process as claimed in any preceding claim, wherein
the said thermoplastic polyester resin (A) is at least one
selected from a homopolymer of polybutylene terephthalate
resins and polyethylene terephthalate resins or a copolymer
containing polybutylene terephthalate or polyethylene
terephthalate units in an amount of a least 60% by weight.

7. A process as claimed in any preceding claim, wherein
the said thermoplastic polyester resin (A) contains between 3
and 30% by weight of a polycarbonate resin.

8. A process as claimed in any preceding claim, wherein
the fibrous ceinforcing medium (B) includes glass fibres.

A O O



8 .- The tern1"b|nder-agglonerated glass granul es" used h i e
__accOrrpanw—ﬁg—eJral—ﬁ%—ﬁ—&—t—n{—ended to refer to.a glass gran eE%LaB%B{Eg”rr

raxi.s of- be nd 5000 err] and obtalned by agglone

di'screte gI aving par tere—th= met i ]
1000[ err] mﬂ ness of || ﬁn@T HASREER[ Brr] with a bi nder
(preferably c bi nde 351 0] LAPFDthe ejif ecti ve granul e size

is too small, then the benefits sought by the p i nventi on -cannot be
attained. However, if the granul e sizel8s too Iarge t hen poor
di spersibility of the flakes in

9. A process as claimed in any preceding claim, wherein
the binder for the binder-agglomerated glass granules (C) 1is
selected from thermoplastic resins and epoxy resins.

10. A érocess'as claimed in any preceding claim, wherein
the binder-agglomerated glass granules (C) include glass
flakes each having a mean particle diameter of between 5 and
1000pm and a mean thickness of between 0.5 and 7um.

11. A process as claimed in any preceding claim, wherein
the fibrous reinforcing medium (B) and the binder-agglomerated
glass granuies (C) are collectively present in the composition

¢ in an amount not exceeding 65% by weight based on the total
composition weight.

12. A polyester resin composition prepared by a process
as set farth in any preceding claim.

13. A molded article formed of a polyester resin
composition prepared by a process as set forth in any of
claims 1 to 11.

14. A fibre-reinforced polyester resin composition
including (A) between 20 and 94% by weight (based on the total
composition weight) of a thermgplastic polyester resin with
(B) between 3 and 65% by weight, based on the total
composition weight, of a fibrous reinforcement medium and (C)
between 3 and 65% by weight, based on the total composition
weight, of binder-agglomerated glass granules.

15. A composition as claimed in claim L4, wherein the.
binder-agglomerated glass granules (C) have a mean particle :
diameter of between 100 and 2000um, and a maximum particle
diameter which does not exceed 5000 pm. ' '
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preferabl e th ﬁgs é?,[&%é’dat ed gl CH=ant have. .a. nean p'ggﬂﬁgéyéﬁTSHEET

di anet er of 2000 [e rTHlar&HdﬁjT'eA$Beéﬁr_bly net ) 30 1996
2000 [err] rticle dilanet eRERDACEDCeedifhg 50J§§R%pv """" fremeeeee--

bi nder used the gl ass fTakest5—1 garticularly ITimted.
Thus, V|rtuaIIy any blnder capabl e of agglonerating gl ass fl akes nmay be
used, provided of course that it does no Jexert adverse effects upon t he
polyester matrix resin. Particul ar exanples of the bi nder that may be used.

aotate, agﬁj“kﬁ? ot boe potyyi o] pi roft ied TRO SR 44 oB AR BN | ene
and (aci d- m)é/ 7 e ?Pr?‘#% ‘él’g’%ﬂa'é%ogyﬁﬁﬁsgt’fﬁériééﬁ (g0 yagdiudieon

product s sl st W%rﬁmﬂmmﬂb ol dvels £apa pek xgendeamnate@nolr 8dyGha such
as and 1000um and a mean thickness of between 0.5 and Tum.
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undat ur at ed pol yester, hylon and epoxy resin; ring-opening polynerization

~fpioducts such as nylon 6 and pol yet hyl oxazol i ne; additi ffr_condernsatt omn_
“products such as urea-formalin resin; and epoxysilane, HnftFFFARRMENT SHEET

thernopl astic resins and epoxy resins are especi al | raferr
9 P poxy P y P Daile @]MARW .....

SPECIFICATION

POLYESTER RESIN COMPOSITION AND PROCESS
FOR THE PREPARATION THEREOF

The present invention generally relates to polyester cesin
compositions and to processes for their preparation. More
particulacrly, the present invention provides low cost resin
compositions exhibiting improved processability from which .
K molded articles-having reduced distortion and/or warpage can
be made. Moreover, such articles ¢an be made without
adversely affecting the polyester resin's otherwise excellent
inherent mechanical properties.

Thermoplastic polyester resins such as polyalkylene
terephthalate resins have excellent mechanical and electrical
propecties, as well as desirable physical and chemical
characteristics. As a result, polyester resins have been used
as engineering plastics in an extensive field of end-use
applications including automobiles, electrical and electronic
apparatus, and the like.

'‘Although thermoplastic polyester resins can, in and of
themselves, be molded into'atticles,-various reinforcements or
additives have typically been incorporated in polyester resin
compositions (depending upon the field of application) so as
to obtain improved resin properties, particularly mechanical
properties. '



;. For exanpl e, the binder-aggl onerated glass granul es ¢ be

The bi nder - aggl onerat ed gl ass granul es can be prepare the % A
bi nder as descri bed above according to any known aggl 8%$GHMF@E #F%ue

addi ng glass flakes to a solution of a binder in a sui,QBPéworqanTc """""
solvent, and then m xing the conponents in a fluidizeastate, tollTowed by
drying the resulting m xture. The gl ass fl akes that are aggl onerated may
first be subjected to a surface treatnent using coupling agents for the

pur pose of enhancing the adhesion and/or dispersibilty of the flakes in the
matri X resin. The surface treatnment nmay be carried out sinultaneously wth
the aggl oneration of the glass flakes. Alternatively, a coupling agent nmay
be added i ndependently during the preparation of the resin conposition. The

coupling
It is also well known that the addition of a fibrous

reinforcement, such as glass or carbon fibres, imparts
desirably high mechanical strength properties and increased
rigidicy to the thermoplastic polvester resins. However,
molded articles formed of thermoplastic polyester resins
containing fibrous reinforcement materials tend to distort
(warp) and thus cannot be used in environments where close
spatial tolerances are required. '
The present invention is directed towards solving the
distoction p;oblems'associated with molded articles formed of
fibre-reinforced pol?ester resins. More particulazly, the
present invention is directed towards enhancing the distortion-
resistance of polyester resin compositions containing fibrous
'reinforcement and/or flaky fillers without damaging the
otherwise excellent mechanical properties associated with
polyester resins. In this regard, the present invention
broadly resides in the use of binder-agglomerated glasq
granules (to be described below) instead of canventional flaky
filler materials in combination with a Eibrous reinforcement
medium so as to attain polyester resin compositions of
decreased distortion when molded.

More specifically, the present invention relates to novel
fibre-reinforced polyester resin compositions including (A)
between'ZO and 94% by weight (based on the total caompesitian
weight) of a theémoplastic polyester resin with (B) between 3
and 65% by wezght (based on the total composition wetht) of a
€ibrous rexnforcement medium and (C) between 3 and 65% by
waight (based aon the total compasition wenght) of
binder-agglomerated glass granules

- SEE INSERTION ANNEXED HERETO (PAGE 2b)

The present invention is further ‘characterised by methods to
cbtain such a éomgqsition whereby the above-noted components
are mixed together and then melt-blended.



agents that may be used for the above purpose include epoxy, isocyanate,
silane, titanate and zirconia conpounds. O these, epoxy FH&%FJ—&B&Q
conpounds are especially preferred. The armount of the b REPLAGENVIENTSHER
gl ass granules that may be used in the present invention]|s betygween 3 and
65% by wei ght, and preferably between 5 and 50% by wei ght{| PBtes& dﬂﬂﬂtm

entire conposition weight) that the to2&l amount of the frbroge=

rei nforcement nmedi um and the bi nder-aggl onerated gl ass granules (i.e. the
total of conponents (B) and (C)) does not exceed 65% by wei ght of the

entire cpnpositOan. edrfiet Eurapearntpateht bipedificatieiy! BPRA-0122360! dtklagennal es is
. kess thag 3% by weight, then little (if any) beneficial effect is realized.
On t he of hthermeplasticitesin isompasition whichhcaneprises, g grystalling thermoplasticyesinug es

exceeds 51?{9 rc\l\ullegi ﬂﬁ}e, atfi]a?(?f m&%g%o?ﬁcgﬂo%:lﬂe,t | evslnéNi tllleI ol%gcteo ﬁ)rggfdggeg '
thermoplastic resin composition .with a low degree of deformation and excellent
mechanical properties. It in turn mentions that A\istralién patent specification No.
522577 discloses a fairly satisfactory composition comprising a thermoplastic resin,
reinforcing fillers and flaky fillers. Japanese patent specification JP-A-63/201041
discloses glass flakes that have undergone a surface treatment with a binding agent
and a coupling agent and which can be used as reinforcement for thermoplastic resins.
It mentions that in the past glass flakes used in composites have been surface treated
with silane coupling agents, titanium coupling agents or zirconia coupling agents to
increase the adhesion of the resin matrix and to provide more even distribution or that
they have been treated with inorganic materials, with or without subsequent surface
treatment with silane coupling agents.




10 ,- The conpositions of the present invention may optionally contain other
additives conventionally used in thernoplastic or thernosetting resins so

as to inpart desired physi cal _ REPLACEMENT SHEET
%b | Date ,MARM .....

such granules having a major axis of between 50and 5000 pm and being

agglomerations of binder resin with pluralities of discrete glass flakes each having a

mean particle diameter of between 5 and 1000 um and a mean thickness of between

0.5 and 7 um.



characteristics thereto. Exanples of additives that may be used i ncl ude

powdery, granular and flaky inorganic fillers, (i.e. othfrthan—rHe=—
> binder-aggl onerated gl ass granul es noted above); stabiliz ?é %&ﬁﬁME&TSHEET

anti oxi dants, heat stabilizers, and ultraviol et absorber§;

retardants, antistatic agents; lubricants; nold rel ease § ?s* e@%-r%s
such as dyes and pignents; lubricating oils; plasticizers;, Crystarrrzatt
accel erators and nucl eati ng agents. Bhe conpositions of the present

i nvention can be easily prepared using conventional processes for the
preparation of a reinforcenent-filled resin. Mire particularly, the fibrous
medi um (MBe oy ed: iggedlius theo¥iodes o4 probeppedost paadaoingodi ng and if
necessargty, H@Jréi%fd&tcéé“ér%dﬂ% OOFPe8L 765 BhotSqdias ohbbageRy. The

necessary conponents acco present 1 nvention may thén be m xed
togethemehgﬂgiﬁaﬂkﬂﬁj (A) a thermoplastic polyester resin, (B) between

3 and 65% by weight, based on the total composition weight, of
a fibrous reinforcing medium, and (C) between 3 and 65% by

weight, based on the total composition weight, of

binder-agglomerated glass granulesmw
Page 3a) .

The invention further provides a process for preparing a
fibre-reinforced polyester resin composition comprising the
steps of: '

~forming a mixture of (A) a thermoplastic polyester base

resin, (B) a fibrous reinforcing medium and (C°) glass flakes, .
having a mean particle diameter of between 5 and 1000 ym and a mean
~SAd- ickness of between 0.5 and 7 um, and
dispersing the said glass flakes in the said mixture,

wherein

the step of dispersing the said glass flakes includes
the steps of (i) introducing the glass flakes into the mixture
in the form of binder-agglomerated glass granules (C) each
comprised of Jglass flakes and a binder, said
binder-agglomerated glass granules (C) having a mean particle
diameter of between 100 um and 2000 um, and a maximum '
particle diameter which does not exceed 5000 um, and then
(ii) melt-blending the said polyester base resin (A), the said
fibrous reinforcing medium (B), and the said
binder-agglomerated glass granules (C) to form a molding
composition. '

The thermoplastic polyester resin (A) that may be used in the
compositions of the present invention is a polyester prepared
by the polycondensation of polyester forming monomers. Thus,
the polyester may be prepared by polycondensing a dicarboxylic
acid compound and a dihydroxy compound, a hydroxy carboxylic
acid compound itself or any combination of the same. The
compositions of the present invention may include
homopolyesters and/or copolyesters.



extruded with a conventional extruder to give a pelletized co position. In

this regard, little (if any) fracturing and/or pulverizati

fl akes ensue - - a probl em associ ated with processing of pri

conpositions. Al ternatively, the fibrous reinforcenent

bi nder - aggl onerated gl ass flakes (C) may be added into a _g:ase OF kY
pol yester resin in an extruder. Even i 38such a "two- stage" addition

process, the processability of the conposition is extrenely inproved and
fracturing of the fibrous reinforcement and/or glass flakes in the extruder

is reduced so asudhogianales Baviag QOMAIYY dkisOSf BatWebtt SONEdES00D hNAnd BEHENI C2!
properties and diSstortion resistance.
_agglomerations of binder resin with plurahtles of discrete glass flakes each having a_
mean particle diameter of between 5 and 1000 pm and a mean thickness of between

0.5 and 7 um.




The conpositions of the present invention are thus es lally characterized

by containing a fibrous reinforcenent nmedi um and biruirﬁéaguﬁ%%ﬁgy
| |
J?' R)

sgranul es fromwhich nol ded articles can be prepared hgving
reduced distortion (warpage), as conpared to conposi t i g8
whi ch contai n non-aggl onerated glass flakes. In addit — LR HRENANICal

strength properties (such as tensile strength) are inproved. Furthernore,
t he conpositions of the present invention do not exhibit problens

associ ated with the prior 4

=t

Examples of the dicarboxylic acid compound that may be used in

- the preparation of the polyester resin include well-known
dicarboxylic acids such as terephthalic, isophthalic,
napthalenedicarboxylic, diphenyldicarboxylic, diphenyl ether ’
dicarboxylic, diphenylethanedicarboxylic, .
cYclohexanedicarboxylic, adipic and sebacic acids and alkyl,
alkoxy or halogen-substituted derivatives thereof.
Furthermore, these dicarboxylic acids may each be used in the
polycondensation as an ester-forming derivative, such as ‘
dimethyl ester. Two or more of the dicarboxylic acid
compounds may be use¢_simuitaneously, if desired.

Examples of the'dihydroxy compound that may be used to prepare
the polyester resin employed in the compositions of this
invention include dihydroxy compounds, such as ethylene
glycol, propylene glycol, butanediol, neopentyl glycol,
hydroquinone, resorcinol, dihydroxyphenyl, naphthalenediol,
dihydroxydiphenyl ether, cyclohexandiol,
2,2-bis(-hydroxyphenyl)propane ‘and diethoxylated bisphenol A;
polyoxyalkylene glycols and alkyl, alkoxy or
halogen-substituted derivatives thereof. The dihydroxy ,
compounds may be used either alone or as a mixture of two or
{ more of the same.

Examples of suitable hydroxy carboxylic acids include hydroxy
carboxylic acids themselves, such as hydroxybenzoic acid,
hydroxynaphthoic acid and diphenyleneoxycarboxylic acid; and
alkyl, alkoxy dr_halogen-substituted derivatives thereof.
Furthermore, ester forming derivatives of these hydroxy
carboxylic acids may be used. According to the present
invention, one or more of the compounds may be employed during
the polycondensation reaction. '



art;‘such as clogging by the glass flakes or poor extrusjion roperties.

Thus, the conpositions of the present invention are of

‘qual ity and gzn be nmade with enhanced productivity. T eﬁgﬁHﬁagwﬁmbﬁﬁEﬂf
the present invention nmay be used to formexterior tri
structural and functional parts and conponents of auto _Esr"
appl-i ances and ot'her devices. Particul ar exanples of the use of
conposition include autonotive exterior trimparts such as fenders,

bunpers, fuel lids, louvres, |anp houkings and outer door handl es;
structural components, such as the chassis audlo V|deo tape recorders and

stere a ts.suc cans, stays

cIutc%%gda%%:rol %ggng FYHEF Fé“cﬁﬁg 85m&£9%% qﬁ%&sgéuﬁ H#dS5h

el ect mhdadh oresyt Betwhencacoiponeameuatichfaas ¢arifecicwisnaiwmbtbasr gl ays,
used in addition to the above-noted monomer components may

also be employed in the compoéition of the present invention.

Examples of preferred trifunctional monomers include

trimellitic, trimesic and pyromellitic acids, pentaerythritol

and trimethylolpropane. o

According to the present invention, all of the thermoplastic .
polyester resins prepared by the polycondensation of the
above-noted monomers can be used as the component (A) either
alone, or as a mixture of two or more of the same. It is
preferred, however, that the polyester resin component (A) be
a crystalline polyalkylene terephthalate, for example
polybutylene terephthalate (PBT), polyethylene terephthalate
(PET) or a copolymer containing at least 60% by weight of
polybutYlene terephthalate or polyethylene terephthalate
units.

If necessary, the thermoplastic polyesté%????in component (A)
may cbntain.up to about 30% by weight of other thermoplastic
resins, such as polyamides, polycarbonates, polyolefins,

v fluororesins or acrylic resinq. Particularly, incorporating
an amorphous thermoplastic:gﬁiﬂa.in addition to a crystalline
polyeste; resin as component (A) yields further reductions in
distortion of molded articles. Thus, in some cases, a
combination of a crystalline thermoplastic polyester resin and
an amorphous resin is preferred. 1In this regard, the
incorporation of one or more members selected from among
polycarbonates, ABS resins and he%og%igsfipswel?ﬁther with

and preferably  betwé of a pol carbonate resin
crystalline thermopiasE1c ponesEer resxn,ks especially ;
favorable.



coil’s, bobbins, key stens or chassis; caneras, radios, various office
.automation machines such as facsimle, copying nachines, ;
cases, capacitor cases or notor parts.
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The fibrous reinforcement medium (B) that may be used in the
compositions of the present invention is not particularly
limited. Thus, usable fibrous reinforcement media within the
scope of the present invention includes mineral fibres, such
as glass fibres, carbon fibres, graphite fibres, metal
whiskers, metal fibres, silicon carbide fibres, asbestos
fibres and wollastonite fibres, in addition to various organic
fibres. The use of any particular fibrous reinforcement
medium or combination of fibrous reinforcement media may

- suitably be selected in dependence upon the resin properties

| that may be desired for a given end-use application, for
example, structural reinforcement and/or electrical
conductivity properties, or improvements to the resin's
frictional characteristics or flame retardancy.

The diameter and length of the f£ibrous reinforcement medium
(B) may each be arbitrarily selected depending upon the
‘required performance characteristics, such as mechanical

- properties or distortion resistance. It is generally suitable
to use glass fibres having a diameter of a least 1lum and a
length of a legst 15um, and preferably glass fibres having a
diameter of between 2 and 20um and a length of at least

{ﬂ Soum. If necessary, a sizing agent or surface treatment may

be used with the fibrous reihforcement medium, examples of

" which include functional compounds such as epoxy, isocyanate,
silane and titanate compounds. If employed, the sizing
compounds will be present in amounts up to 10% by weight, and
preferably, between 0.5 and 5% by weight (based on the weight
of the fibrous reinfofcement medium). These sizing compounds
may each be pre-applied to the fibrous reinforcement medium,
or may be added to the resin composition as an independent
component simultaneously with the fibrous reinforcement medium
during prepacation of the composition.



EXAMPLES The present invention will now be described in detail referring

to the following non-limting Exanples. The net hods {Fer~avat :

“characteristics enployed in the followi ng Exanpl es ar d} &&PLACEMEST SHEEY)
Determ nation of distortion: A flat test piece (80 nmx 80

havi ng one gate on its side was nol ded and pl aced on a.EﬁkﬁaggKBﬂgﬁiﬁgh

to neasure the distortion of the nosty significantly di

The amount of the fibrous feinforcement medium that is used in
the compositions of this invention is between 3 and 65% by
weight, and preferably between 5 and 50% by weight, based on
the total composition weight. If less than 3% by weight of
the fibrous reinforcement medium is employed, then little (if
any) reinforcement effect is obtained. On the other hand, if"
the amount Of fibrous reinforcement medium exceeds 65% by
weight, then difficulties are, encountered during molding of
the resulting composition. '

The compositions of the present invention are especially
characterized by containing binder-agglomerated glass granules
as component (C) in addition to the above described fibrous
reinforcement medium as component (B). see insertion amnexed hereto,
The simuléaneous use of a fibrous reinforcement medium and a
flaky filler material such as glass flakes or mica flakes has .
previously been proposed for reducing the distortion or

/”'warpagé of molded articles, and in this regard, such a
combination provides some measure of effectiveness. However,
the resulé in terms of distortion and/or warpage is still
unsatisfactory. Patticularly, when large amounts of |
reinforcement media are used, productivity problems in forming
molded articles are typically encountered thereby lowering
productivity. '

Surprisinglys  1%hDR% RS BESTof A0 GRoKoiCAe HoR o BARRSicion
Elakes ThoE R e s e PR s BT atot pene rhatTe
reduce distortion and warpage of molded articles. 1In
addition, processing problems such as "flying®" and “bridging”
are avoided, presumably because the agglomerated glass flakes
are more readily dispersible in the polyester base resin as
compared with conventional (non-agglomerated) glass flakes
employed previously. As a result, essentially no fractures
during extrusion and kneading are encountered. |



(i.e. that. part wherein the gap between the surface pl atd¢and the test
piece is largest) of the test piece. (2) Tensile str¢nBERLACEMENEBHERE
according to ASTM D 638. The results in Table 1 are givén_in 297 mer{:
kg/[err] is equivalent to 0.0981 MPa, i.e. approximatelyle ISl t o0t :

— i 5 e 3

(3) Processability during extrusion (observed durtng perretizarti
of the conposition) : A m xture conplisi ng a pol yester resin and gl ass
fibre and/or

Such granules have a major axis of between 50 and 5000 um and afe

agglomerations of binder resin with pluralities of discrete glass flakes each having a

mean particle diameter of between 5 and 1000 pm and a mean thickness of between
0.5 and 7 pm. '




gl ass flakes was extruded with an extruder having an innee—dianmeter —of-—40—

~.nm  The feeding state into an extruder (adhesion or cl ogQimiRCBIBESSHEDY 6

~or glass flake in a hopper), the bite of the feed and thg stat ‘ﬁmﬂﬁﬂiﬁﬂ
SH..ANNNYY....

extrudat e (breakage of strand or surging), were visuallyjohaet.
categorized using the following four criteria: =

---o-- 2 s-meemeeao 1 (not observed) adhesion or clogging in hopper
(significant) (good) strand breakage or surging (poor)-
. 8 |

The term "binder-agglomerated glass granules” used herein and
in the aécompanying claims is intended to refer to a glass
granule having a major axis of between 50 and 5000um and
obtained by agglomerating a number of discrete glass flakes
each having a mean particle diameter of between 5 and 1000um
and a mean thickness of between 0.5 and 7um with a binder
(preferably a thermoplastic binder resin). If the effective
granule size is too small, then the bénefits sought by the
present invention cannot be attained. However, if the granule
size is too large, then poor dispersibility of the flakes in
the matrix resin will result. According to the present
invention, it is preferable that the agglomerated glass
granules have a mean particle diameter of between 100 and 2000
pm, and more preferably between 300 and 2000 pm, and a

maximum particle diameter not exceeding 5000 um.

The binder used to agglomerate the glass flakes is not
particularly limited. Thus, virtually any binder capable of
agglomerating glass flakes may be used, provided of course
that it does not exert adverse effects upon the polyester
‘matrix resin. Particular examples of the binder that may be
used include addition of polymers of an olefinic monomer such
as polyvinyl acetate, polyacrylate, polyvinylpyrrolidone,
~(acid-modified) polyethylene and (acid-modified) polypropylene
and copolymers thereof; polyaddition products such as
polyurethane and polyurea; polycondensétion products such as
unsaturated polyester, nylon and epoxy resin; ring-opening
polymerization products such as nylon & and
polyethyloxazoline; addition condensation products such as
urea-formalin resin; and epoxysilane, among which
thermoplastic resins and epoxy resins are especially préferred.



13 Exanples 1 to 5 Pol ybut yl ene terepht hal ate al one T
t hereof ‘wi th pol yet hyl ene terephthal ate or pol ycarbonate, &nggbéﬁgﬁggwgﬁd

* bi nder aggl onerated gl ass flakes were prelimnarily nixed MA 1998

The binder-agglomerated glass granules can be prepared by the
use of a binder as described above according to any known
agglomeration technique. For example, the binder-agglomerated
glass granules can be prepared by adding glass flakes to a
solution of a binder in a suitable organic solvent, and then
mixing the components in a fluidized staﬁe, followed by drying
the resulting mixture. .

The glass flakes that are agglomerated may first be subjected
to a surface treatment using coupling agents for the purbose
of enhancing the adhesion and/or dispersibilty of the flakes
in the matrix resin. The surface treatment may be carried out
simultaneously with the agglomeration of the glass flakes.
Alternatively, a coupling agent may be added independently
during the preparation of the resin composition. The coupling
agents that may be used for the above purpose include epoxy,
isocyanate, silane, titanate -and zirconia compounds. Of
these, epoxy and silane compounds are especially preferred.

The amount of the binderfagglomerated glass granules that may
be used in the present invention is between 3 and 65% by
weight, and preferably between 5 and 50% by weight (based on
the entire composition weight) that .the total amount of the
fibrous reinforcement medium and the binder-agglomerated glass
granules (i.e. the total of components (B) and (C)) does not
_exceed'ss% by weight of the entire composition. If the amount
of binder-agglomerated glass granules is less than 3% by
weight, then little (if any) beneficial effect is realized.

On the other hand, if the amount of binder-agglomerated glass
granules exceeds 65% by weight, then molding difficulties will

be encountered.



together in aratio as specified in Table 1, fed i nto af=ex—ty

;of 12 kg/'h and nelt-kneaded to obtain a pelletized conpysREPKACEMENT SHEET
- 'conposi tion was then injection nolded into various test jpiec MIXEW est
ih

pi eces were eval uated according to the above-nenti oned ¢rmme
results are shown in Table 1. Conpar ati ve Exanples 1 &re=2 A
conposition was prepared in the sane nanner as that of the fore90|ng

Exanpl es except that pol ybutyl ene terephthal ate and either glass fibres or

aggl onerated gl ass flakes were used amd evaluated in a sinilar nanner

that described above. The results are shown in Table 1
The compositions of the present invention may optionally
contain other additives conventionally used in thermoplastic
or thermosetting resins so as to impart desired physical
characteristics thereto. Examples of additives that may be :
used include powdery, granular and flaky inorganic fillers,
(i.e. other than the binder-agglomerated glass granules noted
above); stabilizers such as antioxidants, heat stabilizers,
and ultraviolet absorbers; flame retardants, antistatic
agents; lubricants; mold release. agents; colorants such as

- dyes and pigments; lubricating oils; plasticizers;

‘ crystallization accelerators and nucleating agents.

The compositions of the present invention can be easily
prepared using conventional processes for the preparation of a
reinforcement-£filled resin. More particularly, the fibrous
medium (B) may be used in the form of a chopped strand or
roving and if necessary, may be cut into suitable sizes or
used as a filament. The necessary components according to the
present invention may then be mixed together, kneaded and
extrﬁded with a conventional extruder to give a pelletized
composition. In this regard, little (if any) fracturing
and/or pulverization of the glass flakes ensue - a problem

b associated with processing of prior art compositions} '

Alternatively, the fibrous reinforcement medium (B) and the
binder-agglomerated glass flakes (C) may be added into a melt
phase of the polyester resin in an extruder. Even in such a
*two-stage” addition process, the processability of the
composition is extremely improved and fracturing of the
fibrous reinforcement and/or glass flakes in the extruder is
reduced so as to provide a composition exhibiting excellent
mechanical. properties and distortion resistance.



Conparative Exanples 3 to 7 Pol ybutyl ene terephthal ate alone or_a mxture
thereof with polyethylene terephthalate or polycarbonate, ||ghesisndenpeer SHEET
“non- aggl onerated gl ass flakes were mixed together at a rat|io asgzggg'

in Table 1, fed into an extruder at a rate of 5 kg/h and ffghiis kifeddetst 190

obtain a pelletized conposition. This conposition was theb=tBieetton-—nnl-dod
into various test pieces. The test piKees were exam ned according to the

above-nmenti oned nethods. The feeding rate in these Exanples was first set
o the foregoin However , e gl ass

1 bres iy Sttt LRt U Sne o tavent TATRRTIBNe by hhuh FRESFLEULY and

t he extchadmctdwizdyy by containing a fibrous reinforcement medium and
binder-aéglomerated glass granules from which molded arkticles
can be prepared having significantly reduced distortion
(warpage), as compared to compositions of the prior art which
contain non-agglomerated glass flakes. 1In addition, the
mechanical strength properties (such as tensile strength) are
improved. Furthermore, the compositions of the present
invention do not exhibit problems as;ociahed with the prior
art, such as clogging by the glass flakes or poor extrusion|
properties. Thus, the compositions of the present invention

g' are of a more consistent quality and can be made with enhanced

"productivity.

The compositions of the present invention may be used to form
exterior trim parts and structural and functional parts and
components of automobiles, electrical appliances and other
devices. Particular examples of the use of the composition
include automotive exterior trim parts such as fenders,
bumpers, fuel lids, louvres, lamp housings and outer door
handles; structural components, such as the chassis audio,
video tape recorders and stereos; and working parts such as
gears, cams, levers, guide stays; clutches and rollers.
Furthermore, the compositions may be used in electrical or

. electronic components such as connectors, switches, relays,
coils, bobbins, key stems or chassis; cameras, radios, various
office automation machines such as facsimile, copying
machines, or computers; IC cases, capacitor cases or motor

. parts.



14°. making extrustom arftircult. Accordingly, the feed raffe

one-hal f of that of the foregoing Exanpl es.so that the co
-"be pelletized. The results are shown in Table 1

ESAMRLES

The present invention will now be desccibed in detail
referring to the following non-limiting Examples.

The methods for evaluating the characteristics emploved in the
following Examples are as follows:

(L) e i i i ien:

A flat test piece (80 mm x 80 mm x 2 mm) having one gate oﬂ
its side was molded and placed on a surface plate so as to
measure the distortion of the most significantly distored pact
(i.e. that part wherein the gap between the surface plate and
the test piece is largest) of the test piece.

.

(2) ansi o

Determined according to ASTM D 638. The resulks in Table 1

are given in kg/cm>. 1 kg/cm

MPa, i.e. approximately equal to 0.1 MPa.

2 is equivalent to 0.0981

(3) Processability during extrusion

[! vi: s III. !. . Ell -!- 1:

A mixture comprising a polyester resin and glass fibre and/or
glass flakes was extruded with an extruder having an inner
diameter of 40 mm. The feeding state into an extruder
(adhesion or clogging of glass fibre or glass flake in a
hopper), the bi;e of the feed and the state of the extrudate
(breakage of strand or surging), were visually observed and
categorized using the following four criteria:

(not obsecved) adhesion or clogging in hoppec (significant)

(good) strand breakage or surging (pgo:j
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Examples 1 to S

Polybutylene terephthalate alone or a mixture thereof with
polyethylene terephthalate or polycarbonate, glass fibres and
binder agglomerated glass flakes were preliminarily mixed
together in a ratio as specified in Table 1, fed into an
extruder at a rate of 12 kg/h and melt-kneaded to obtain a
pelletized composition. This composition was then injection
molded into various test pieces. . These test pieces were
evaluated according to the above-mentioned criteria. The
results are shown in Table 1.

Comparative Examples 1 and 2

A pelletized composition was prepared in the same manner as
that of the foregoing Examples except that polybutylene
terephthalate and either glass fibres or agglomerated glass
flakes were used and evaluated in a similar manner to that
described above. The results are shown in Table 1.

Comparative Examples 3 to 7

Polybutylene terephthalate alone or a mixture thereof with
polyethylene terephthalate or polycarbonate, glass f£ibre and
non-agglomerated glass flakes were mixed together at a ratio
as specified in Table 1, fed into an extruder at a rate of 5
kg/h and melt-kneaded to obtain a pelletized composition.
This composition was then injection—molded into various test
pieces. The test pieces were examined according to the
above-mentioned methods. The feeding rate in these Examples
was first set at a rate of 12 kg/h similar to the foregoing
Examples. However, the glass fibres and glass flakes clogged
at the joint zone between the feeder and the extruder thereby



17 A process for preparing a fibre-reinforced pol yester
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Date Z‘MAR.ISSS

14

making extrusion difficult.

Accordingly, the feed rate was
lowered to one-half of that of the foregoing Examples so that

the compositions could be pelletized. The results are shown
in Table 1.

but on the

bodiment, )
ioms=~mgdifications and

contrary, is intended
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1. A process for preparing a fibre-reinforc [ |
osition conprising nelt-blending (A a thernDpIasticRPptﬂgﬁﬁgﬁTgﬂggT
in, (B) between 3 and 65% by wei ght, based on .the tgta cggﬁogéhi
ight, of a fibrous reinforcing nedium and (C betwednpdeant | @nngp§9§m

i ght, based on the total conposition weight, of bind gg
gl ass granul es, such granul es having a fgjor axi s of

ocess for preparing a fibre-reinforced polyester
resin compositdQn comprising melt—blending (A) a thermoplastic
polyester resin, W) between 3 and 65% by weight, based on the
¢ total composition wedght, of a fibrous reinforcing medium, and
(C) between 3 and 65% bR weight, based on the total
composition weight, of bin¥er-agglomerated glass granules.
laim 1, wherein the

2., A process as claimed in ,
C) include glass flakes

binder-agglomerated glass granules
agglomerated in a binder resin.
3. A process as claimed in claim 2, whdagein the
_ binder-agglomerated glass granules (C) consist agsentially of
g\) discrete glass flakes agglomerated in the binder r¥®gin.

4. A process as claimed in any preceding claim, wht
,‘ -+ the binder-agglomerated glass granules (C) have a mean
particle diameter of between 100 and 2000um, and a maximum

bicle di hich & 15000t




r]

ar

e£n 50 and 5000 [err] and being aggl onerations of bind 'Réﬁ
lities of discrete glass flakes each having a nean pgrtic
etween 5 and 1000 [err] and a nean thickness of betwefnpQ,5

PAG

! 2. A process as clained in claiml1l, whereint — e,

nder -aggl omer at ed gl ass granules (C) consist of discrete glass flakes
ggl onerated in the binder resin. 3. 17 A process as clained in claim1l
or. 2, wherein the binder-aggl onerated gl ass granules (C) have a nean
particle dia
preparing a ff

ter Qf between 100 and 2000 [err] 4. . A process for
r e- PRSI 100 pesmatingia EXRERsFeiphorced polyester

omposition comprising the steps of:
forming a mixture of (A) a thermoplastic polyester

resin’
base resi (B) a €ibrous reinforcing medium and (C') glass
flakes, an o
dispgrsing the said glass flakes in the said mixture,
wherein ' )
the stég of dispersing the said glass flakes includqsh.
the steps of (i) Nutroducing the glass flakes into the mixtdre
in the form of bind{r-agglomerated glass granules (C) each
comprised of glass flgkes and a binder, said
binder-agglomerated gldss granules (C) haviang a mean particle
diameter of between 100 and 2000 pum, and a maximum
particle diameter which does not exceed 5000 pum, and then
(ii) melt-bleh¢ing the said\polyester base resin (A), the said
Eibrous reinforcing medium (BY, and the said
binder-agglomerated glass'gtan es (C) to form a2 molding

composition.

6. A process as claimed in an¥ preceding claim, wherein
the said thermoplastic polyester resiy (A) is at least one
selected from a homopolymer of polybutiene terephthalate
resins and polyethylene terephthalate reXins or a copolymer
containing polybutylene terephthalate or pRlyethylene
tefephthalate units in an amount of a least \g0% by weight.
7. A process as claimed in any preceding Ylaim, wherein
the said thermoplastic polyestér resin (A) contailgs between 3
and 30% by weight of a polycarbonate resin.

8. A process as claimed in any preceding claim, Wwherein

the fibrous reinforcing medium (B) includes glass fibre



compyi sing the steps of: formng a m xture of a LnerHD ast
.pol yester base resin, (B) a fibrous rei nforcing rﬂ#? gyiET

gl Ass flakes having a nean particle diameter of . ﬂ BA 00d
rr] and a nean thickness of between 0.5 and 7 [err] a"&mm’ """"""" ﬁﬂﬁﬂﬁ“"

Pli spersing the said glass flakes in the said m xture, wherein the
step of dispersing the said glass flakes includes the steps of (i)

i nt roduci ng the glass flakes intd8the mixture in the form of

bi nder - aggl rated gl ass : granules (C) each conprlsed of said glass

fl akes and a
havi ng a nean
and a nmaxithgn

| nder | agal.o % @2 C)
ar t |3(L:I d?earreter %a%@?ﬁeéﬁ gg& We%%% % and %@ (nerr]
dec| o thetbindbdrehgdaemeratted glass gfaﬂul s (C) is
from thermoplastic resins and epoxy resins.

rocess as claimed in any preceding claim, wherein
the binder-ayglomerated glass granules (C) include glass
flakes each haying a mean particle diameter of between 5 and
1ooogm and a mejn thicknéﬁs of between 0.5 and 7um.
3 . 11. A process\as claimed in any preceding claim, wherein
the Eibrqus reinforc\ng medium (B) and the binder-agglomerated
glass granules (C) are\collectively present in the composition
¢ - in an amount not exceedNag 65% by weight based on the total
composition weight.
12. A polyester resin copmposition prepared by a pfocess
as set forth in any preceding Ylaim.
13. A molded article formed O&f a polyester resin
composition prepared by a process a
claims 1 to ll.

set forth in aay of

L 14. A fibre-reinforced polyester regin composition
including (A) between 20 and 94% by weight\ (based on the total
composition weight) of a thermoplastic polysster resin with
(B) between 3 and 65% by weight, based on the\total
composition weight, of a fibrous reinforcement Wedium and (C)
between 3 and 65% by weight, based on the total mposition
weight, of binder~agglomerated glass granules.

1S. A composition as claimed in claim 14, wherein\ the
binder-agglomerated glass granules (C) have a mean particle
diameter of between 100 and 2000um, and a maximum patEicl '
diameter which does not exceed 5000 um. '
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6. A process as clainmed in any preceding claim whereinthe-said ‘
thernopl astic pol yester base resin (A) contains bet vveenagmchmﬂggr
wei ght of a pol ycarbonate resin. 7. A process ag clained in any
preceding claim wherein the fibrous reinforcing nedium (B eﬂAmlm
fibres. 8. A process as clained in any precedi ng & SNV
the binder for the bi nder - aggl onmer at&d glass granules (C) is selected
fromthernoplastic resins and epoxy resins.

CLADMGS

1. A process for preparing a fibre-reinforced polyester resin composition
comprising melt-blending (A) a thermoplastic polyester base resin, (B) between 3 and
65% by weight, based on the total composition weight, of a fibrous reinforcing
medium, and (C) between 3 and 65% by weight, based on the total composition
weight, of binder-agglomerated glass granules, such granules having a major axis of
| between 50 and 5000 pm and being agglomerations of binder resin with pluralities of
discrete glass flakes each having a mean particle diameter of between 5 and 1000 um
and a mean thickness of between 0.5 and 7 um.

2. A process as claimed in claim 1, wherein the binder-agglomerated glass

granules (C) consist of discrete glass flakes agglomerated in the binder resin.

3. A process as claimed in claim 1 or 2, wherein the binder-agglomerated glass

granules (C) have a mean particle diameter of between 100 and 2000 pm.

4. A process for preparing a fibre-reinforced polyester resin composition

comprising the steps of :

forming a mixture of (A) a thermoplastic polyester base resin, (B). a fibrous
reinforcing medium and (C) glass flakes having a mean particle diameter of
between 5 and 1000 pm and a mean thickness of between 0.5 and 7 pm, and
dispersing the said glass flakes in the said mixture, wherein

the stei) of dispersing the said giass flakes includes the steps of (i) introducing
the glass flakes into the mixture in the form of binder-agglomerated glass
granules (C) each comprised of said glass flakes and a binder, said binder-
agglomerated glass granules (C) having a mean particle diameter of between

100 ym and 2000 pm, and a maximum particle diameter which does not

* C L M S *




9. ’ A process as clained in any precedi ng claim wher

Fei nforcing

are collectively present in the conposition in an amjunt’ no
65% by wei ght based on the total conposition weight.
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exceed 5000 um, and then (ii) melt-blending the said polyester base resin (A),

the said fibrous reinforcing medium (B), and the said binder-agglomerated
glass granules (C) to form a molding composition.

A process as claimed in any preceding claim, wherein the said thermoplastic

polyester base resin (A) is at least one selected from a homopolymer of polybutylene
terephthalate resins and polyethylene terephthalate resins or a copolymer containing
polybutylene terephthalate or polyethylene terephthalate units in an amount of at least
60% by weight. '

A process as claimed in any preceding claim, wherein the said thermoplastic

polyester base resin (A) contains between 3 and 30% by weight of a polycarbonate

A proceés as claimed in any preceding claim, wherein the fibrous reinforcing

medium (B) comprises glass fibres.

A process as claimed in any preceding claim, wherein the binder for the

binder-agglomerated glass granules (C) is selected from thermoplastic resins and

€poXy resins.

A process as claimed in any preceding claim, wherein the fibrous reinforcing

medium (B) and the binder-agglomerated glass granules (C) are collectively present in
the composition in an amount not exceeding 65% by -weight based on the total

composition weight.

* (4 L ] S *



10. A fibre-reinforced polyester resin conposition co =S Lxture
of (A bet ween 20 and 94% by wei ght (based on the total
wei ght) of a thernoplastic pol yester base resin with (
65% by wei ght, based on the total conposition weight,
- reinforcenent nmediumand (C) between 3 and 65% by weig ] :
total conposition weight, of binder-agdBonerated gl ass granul es, such
granul es having a major axis of between 50 and 5000 [err] and bei ng

aggl onerations of binder resin with pluralities of discrete glass flakes
each  hdvilog aA EBfRe-RRIérced Pol e ARRnlrErorlagnd a
mean t hi gkness of bet ween gc')g’eﬁzﬁigie?fn[éeéw?ﬁlﬁ’&ﬁbﬁp E%c%rrposﬁgiognmgs

cl ai med iljnbetwgern 200 andufdleiby weighbi (hased- amy ghe rtetahiconipgsition weight) | efsa( C)

haye__ a nmga epr%lt)llasct{cepoqylfe%ge? tbglsre 1%];inbwe/itthm?§)nbelt9vgena? Caimg %g‘% {)ye ;s/relghf, based on

the total composition weight, of a fibrous reinforcement medium and (C) between 3

1 and 65% by weight, based on the total composition weight, of binder-agglomerated
glass granules, such granules having a major axis of between 50 and 5000 pm and
being agglomerations of binder resin with pluralities of discrete glass flakes each
having a mean particle diameter of between 5 and 1000 pm and a mean thickness of
between 0.5 and 7 pm. |

11. A composition as claimed in claim 10, wherein the binder-agglomerated glass

. granules (C) have a mean particle diameter of between 100 and 2000 pm.

* [ L M S * )
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POLYESTER RESIN COMPOSITION AND PROCESS
FOR THE PREPARATION THEREOF

Polyester compositions exhibiting decreased distortion
(warpage), improved processability and productivity are
produced by melt-blending a thermoplastic polyestér resin with
between 3 and 65% by weight of a fibrous reinforcing medium,
and between 3 and 65% by weight of binder-agglomerated glass

granules.



