Description

Polybutylene terephthalate resin mixture and film

Technical Field
[0001]

The present invention relates to a polybutylene
terephthalate resin mixture which is suitably used for a film,

specifically for a back sheet film for solar cell module.

Background Art
[0002]

Polybutylene terephthalte resins are used as engineering
plastics in wide-ranging fields owing to their excellent
mechanical properties, electric properties, and other physical
and chemical properties, and their good processability.
[0003]

In recent years, the polybutylene terephthalate resins are
very often used in sheets and films. In particular, the
application of polybutylene terephthalate resins proceeds in
the technology development relating to photovoltaic power
generation (solar cells). Solar cells aremanufactured by, for
example, a following procedure. The surface layer adopts a base
material such as glass and film having light-permeability, on
which the silicon- or other material-based solar cell modules

are arranged attaching the lead wires to pull electricity



therefrom, and the modules are fixed to the surface layer using
a filler resin such as ethylene vinyl acetate resin, and a film
to seal the back face (back sheet film) is positioned at rear
side (rear face) of the filler resin, and finally the entire
components are fixed by an exterior material. The film for
sealing the back face (back sheet film) adopts a polyester—-based
resin film and the like having high reflectance at the solar
cell module side so as to reflect the solar light to enhance
the electric conversion efficiency. The film for sealing the
back face (back sheet film) is required to have durability such
asweatherabilityandresistancetohydrolysis, andspecifically
required to have long period resistance to hydrolysis.
[0004]

Compared with the fluorine-based resins and the
polyethylene-based resins, the polyester-based resins are
inferior in durability, and thus there have been provided many
methods to improve the durability.

[0005]

Inprocessingthepolyethylene terephthalateresins to form
sheets and films, fine foreign materials generally called
fisheyes may be generated, which may raise problems of
deteriorating product appearance and damaging commercial
product wvalues.

[0006]
To solve the above problems, for example, JP-A 8-73719

discloses the improvement of resistance to hydrolysis by adding



carbodiimide to polybutylene terephthalate. The Patent
disclosure, however, does not give the description of the uses
insheetsandfilms, anddoesnot givethedescriptionof fisheyes.
Furthermore, the Patent disclosure substantially relates to a
composition prepared by melt-kneading.

[0007]

JP-A 2007-129204 discloses the improvement of resistance
to hydrolysis by adding titanium to polybutylene terephthalate
as the film for sealing back face of solar cell module. The
effect is, however, not satisfactory.

[0008]

JP-A 2001-270937 discloses a manufacturing method for
decreasing fisheyes inapolybutylene terephthalate-basedresin.
The Patent disclosure is, however, a method for removing foreign

materials mechanically.

Disclosure of the Invention
[0009]

The present invention has been made to solve the above
problems intherelatedart, andanobject of thepresent invention
is to provide a polyethylene terephthalate resin material which
exhibits less deterioration of polymer, decreases the number
of fisheyes, and has excellent resistance to hydrolysis, thus
being suitably used as films, especially as the back sheet film
for solar cell module.

[0010]



The inventors of thepresent inventionhave conducteddetail
study to obtain the polybutylene terephthalate resin material
that attains the above object, and have found that a polybutylene
terephthalate resin mixture of a polybutylene terephthalate
resin having specified properties and a carbodiimide compound
inaformofpowder andthelikedecreasesthe fisheyesandprovides
excellent resistance to hydrolysis in forming films, thus having
completed the present invention.

[0011]

The present invention provides a polybutylene
terephthalate resin mixture for film production, obtained by
mixing (A) polybutylene terephthalate resin, having an amount
of carboxyl terminal group of 20 meqg/kg or less and an intrinsic
viscosity of 0.9 dL/g or more, with (B) a carbodiimide compound
in any form of powder, granule and masterbatch.

The present invention provides a method of manufacturing
film of a polybutylene terephthalate resin mixture, including
melt-extruding of the above-described polybutylene
terephthalate resin mixture.

The present invention provides a solar cell module
containing a film of the above-described polybutylene
terephthalate resin mixture, or a film obtained by the
above-described method, as the back sheet.

The present invention provides a use of a film of the
above—-described polybutylene terephthalate resin mixture, or

a film obtained by the method described above, as the back sheet



of solar cell module.
[0012]

According to the present invention, there can be obtained
a polybutylene terephthalate resin material for manufacturing
film, having less fisheyes and having excellent resistance to
hydrolysis. A polymer of polybutylene terephthalate resin
mixture is especially useful as the back sheet film for solar

cell module.

Detail Description of the Invention
[0013]

The structural components of the resin material of the
present invention will be described in detail in the following.
The (A) polybutylene terephthalateresinwhichisthebasicresin
of the resin composition of the present invention is a
polybutylene terephthalate-based resin which is obtained by
polycondensation of a dicarboxylic acid component containing
at least terephthalicacidoranester—-formingderivativethereof
(such as lower alcohol ester) and a glycol component containing
at least a C4 alkylene glycol (1,4-butane diol) or an
ester-forming derivative thereof. The polybutylene
terephthalate resin is not limited to the homo-polybutylene
terephthalate resin, and may be a copolymer containing 60% by
mole or more, specifically about 75 to 95% by mole, of butylene
terephthalate unit.

[0014]



The polybutylene terephthalate resin in the present
invention is produced by dissolving a crushed polybutylene
terephthalate sample in benzyl alcohol for 10 minutes at 215°C,
followed by titrating the solution by using an aqueous solution
of 0.01N sodium hydroxide to thereby be used as the polybutylene
terephthalate resin having 20 meq/kg or less of the amount of
terminal carboxyl group measured, preferably 15 meqg/kg or less
thereof.

[0015]

The use of a polybutylene terephthalate resin having more
than 20 meqg/kg of the amount of terminal carboxyl group shortens
the life of resistance to hydrolysis in amoist—-heat environment
even controlling the amount to be added of carbodiimide compound.
[0016]

The lower limit of the amount of terminal carboxyl group
is not specifically limited. However, the polybutylene
terephthalate resin having less than 5 meq/kg of the amount of
terminal carboxyl group is generally difficult to be produced,
and the resin having less than 5 meqg/kg thereof may not allow
thereactionwithcarbodiimide compound toproceedsufficiently.
Accordingly, the amount of terminal carboxyl group in the
polybutylene terephthalate resin is preferably 5meq/kg or more.
[0017]

Furthermore, the intrinsic viscosity (IV) of the applied
(A) polybutylene terephthalic resin is required to be 0.90 dL/g

or more. If the intrinsic viscosity is less than 0.90 dL/g,



the 1ife of resistance to hydrolysis is not satisfactory as the
back sheet film for solar cell module, in some cases. The
intrinsic viscosity of 0.90 dL/g or more can also be attained
by blending polybutylene terephthalate resins having different
intrinsic viscosities from each other, for example, the one
having an intrinsic viscosity of 1.1 dL/g and the one having
an intrinsic viscosity of 0.70 dL/g. The intrinsic viscosity
can be determined, for example, in o-chlorophenol at 35°C.
[0018]

In the polybutylene terephthalate resin, examples of the
dicarboxylic acid component (comonomer component) other than
terephthalic acid and an ester-forming derivative thereof are:
an aromatic dicarboxylic acid component (such as Cs—Ci2
aryldicarboxylicacidincluding isophthalicacid, phthalicacid,
naphthalene dicarboxylic acid, and diphenylether dicarboxylic
acid); an aliphatic dicarboxylic acid component (such as Cs—Cis
alkyldicarboxylic acid including succinic acid, adipic acid,
azelaicacid, andsebacicacid, andCs—-Cipocycloalkyldicarboxylic
acid including cyclohexane dicarboxylic acid); and an
ester—-forming derivative thereof. Those dicarboxylic acid
components can be used alone or in combination of two or more
thereof.

[0019]

Preferable dicarboxylic acid component (comonomer

component) includes an aromatic dicarboxylic acid component

(specifically Ce—Ci0 aryl dicarboxylic acid such as isophthalic



acid) andanaliphaticdicarboxylicacidcomponent (specifically
Cs—Ci2 alkyl dicarboxylic acid such as adipic acid, azelaic acid,
or sebacic acid).

[0020]

Examples of glycol component (comonomer component) other
than 1, 4-butane diol are: an aliphatic diol component [such as
alkyleneglycol (includingCz-Cigalkyleneglycol suchasethylene
glycol, propylene glycol, trimethylene glycol, 1,3-butylene
glycol, hexamethylene glycol, neopenthyl glycol, or 1,3-octane
diol, or polyoxy Cx-Csalkylene glycol such as diethylene glycol,
triethylene glycol, or dipropylene glycol), or alicyclic diol
such as cyclohexane dimethanol or hydrogenated bisphenol A];
an aromatic diol component [such as aromatic alcohol including
bisphenol A and 4,4-dihydroxybiphenyl, or Cz;-Cs alkyleneoxide
adduct of bisphenol A (for example, 2-mole adduct of ethylene
oxide of bisphenol A and 3-mole adduct of propylene oxide of
bisphenol A)]; and an ester-forming derivative thereof. These
glycol components can also be used alone or in combination of
two or more thereof.

[0021]

Preferred glycol component (Comonomer component) includes
analiphaticdiol component (specifically Cz;-Csalkyleneglycol,
polyoxy C2—-Csz alkylene glycol such as diethylene glycol, and
alicyclic diol such as cyclohexane dimethanol).

[0022]

Any of the polybutylene terephthalate-based polymers



obtained by polycondensation of above compounds as the monomer
components can be used as the (A) component of the present

invention. Thecombineduseof homo-polybutyleneterephthalate
polymer andpolybutylene terephthalate copolymer isalsouseful.
[0023]

The (B) carbodiimide compound used in the present invention
is a compound having carbodiimide group (-N=C=N-) inthemolecule.
Applicable carbodiimide compound includes an aliphatic
carbodiimide compound having the aliphatic main chain, an
alicycliccarbodiimide compoundhavingthealicyclicmainchain,
and an aromatic carbodiimide compound having the aromatic main
chain, and a preferred one is an aromatic carbodiimide compound
in terms of resistance to hydrolysis.

[0024]

Examples of the aliphatic carbodiimide compound include
diisopropyl carbodiimide, dioctyldecyl carbodiimide, or the
like. An example of the alicyclic carbodiimide compound
includes dicyclohexyl carbodiimide, or the like.

[0025]

Examples of aromatic carbodiimide compound include: a mono-
or di-carbodiimide compound such as diphenyl carbodiimide,
di-2, 6-dimethylphenyl carbodiimide, N-tolyl-N’-phenyl
carbodiimide, di-p-nitrophenyl carbodiimide, di-p-aminophenyl
carbodiimide, di-p-hydroxyphenyl carbodiimide,
di-p-chlorophenyl carbodiimide, di-p-methoxyphenyl

carbodiimide, di-3,4-dichlorophenyl carbodiimide,



di-2,5-dichlorophenyl carbodiimide, di-o-chlorophenyl
carbodiimide, p-phenylene-bis-di-o-tolyl carbodiimide,
p—-phenylene-bis-dicyclohexyl carbodiimide,
p—-phenylene-bis-di-p-chlorophenyl carbodiimide, or
ethylene-bis-diphenyl carbodiimide; and a polycarbodiimide
compound such as poly(4,4’-diphenylmethane carbodiimide),
poly (3,5"'-dimethyl-4,4’'-biphenylmethane carbodiimide),

poly (p—phenylene carbodiimide), poly(m—-phenylene
carbodiimide), poly(3,5’'-dimethyl-4,4’-diphenylmethane
carbodiimide), poly(naphthylene carbodiimide),
poly(1l,3-diisopropylphenylene carbodiimide),
poly(l-methyl-3,5-diisopropylphenylene carbodiimide),
poly(1l,3,5-triethylphenylene carbodiimide), or

poly (triisopropylphenylene carbodiimide). These compounds
can be used in combination of two or more of them. Among these,
specificallypreferredonestobeusedaredi-2, 6-dimethylphenyl
carbodiimide, poly(4,4’-diphenylmethane carbodiimide),

poly (phenylene carbodiimide), and poly(triisopropylphenylene
carbodiimide) .

[0026]

A preferred (B) carbodiimide compound to be used is the
one having 7000 or larger molecular weight. The one having less
than 7000 of molecular weight cannot provide sufficient
resistance to hydrolysis, and may generate gas and odor when
the retention time is long during molding.

[0027]

10



The blending amount of (B) carbodiimide compound
corresponds tothe amount of carbodiimide functional groupwithin
the range 0of 0.5 to 20 equivalents when the amount of the terminal
carboxyl group in the (A) polybutylene terephthalate resin is
set as 1.

[0028]

If the amount of (B) component is excessively small, the
effect of improving the resistance to heat shock, which is an
object of the present invention, cannot be attained. If the
amount thereof is excessively large, there likely appears the
decrease in flowability and the generation of gel and carbide
at thetime of molding, and appear the sudden decrease in strength
and the yellowing in a moist—-heat environment. A preferred
amount of the (B) component corresponds to the amount of
carbodiimide functional group within the range of 1 to 5
equivalents.

[0029]

According to the present invention, the (A) polybutylene
terephthalate resin and the (B) carbodiimide compound are mixed
together in any form of powder, granule, and masterbatch. When
the composition pellets are formed by performing melt-kneading
of (A) and (B) components, the number of heatingcycles increases
to enhance the possibility of thermal deterioration, which thus
lowers the resistance to hydrolysis.

[0030]

The form of powder referred to herein generally signifies

11



the use of powder having a mean particle size within the range
of about 0.1 to 100 um. The form of granule referred to herein
generally signifies the use of granules having a mean granule
size larger than the mean particle size of powder, or within
the range of about 100 um to 10 mm.

[0031]

A preferred mixing method is to blend the (B) carbodiimide
compound as the masterbatch having a resin as the matrix. The
use of masterbatch often allows easy handing in practical
operations. A preferred masterbatch resin of the (B)
carbodiimide compound is normally a polybutylene terephthalate
resin matrix. However, a masterbatch prepared by other resin
matrix is also applicable. For the case of masterbatch of
polybutylene terephthalate resin matrix, the amount of the
masterbatch may be adjusted so as to be within the range of
specified addition amount of the (B) carbodiimide compound.
Alternatively, components other than the carbodiimide compound
are preliminarily formed to be homogeneous pellets in the step
of melting and kneading, and the masterbatch pellets of the
carbodiimide compound are dry-blended to thereby obtain the
pellet-blend, which may be then used for molding.

[0032]

The resin mixture according to the present invention can
contain, as needed, other resins (such as thermoplastic resin)
and varieties of additives within a range not deteriorating the

effect of the present invention.
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[0033]

Examples of the other resins include polyester resin other
than polybutylene terephthalate resin, (such as polyethylene
terephthalate and polytrimethylene terephthalate),
polyolefin-based resin, polystyrene-based resin,
polyamide—-based resin, polycarbonate, polyacetal, polyarylene
oxide, polyarylene sulfide, fluorine resin, and copolymer such
as acrylonitrile-styrene resin,
acrylonitrile-butadiene-styrene resin, and
ethylene-ethylacrylate resin. These other resins can be used
separately or in combination of two or more of them.

[0034]

Examples of the additives include inorganic filler (such
as: fibrous filler includingglass fiber, graphite fiber, silica
fiber, alumina fiber, boron fiber, feldspar, potassiumtitanate
whisker, and potassium borate whisker; sheet-shape filler
including mica and glass flake; or powdery filler including
silica, glass bead, glass bubble, kaolin, wollastonite, calcium
silicate, talc, and calcium carbonate), organic filler (such
as high melting aromatic polyester fiber, liquid crystalline
polyester fiber, aromaticpolyamide fiber, fluorineresin fiber,
or polyimide fiber), stabilizer (such as antioxidant, UV
absorbent, or thermal stabilizer), antistatic agent, flame
retardant, assistant to flame retardant, thermoplastic
elastomer, coloring agent (such as dye or pigment), lubricant,

plasticizer, lubricant, mold-releasing agent, and crystal

13



nucleating agent. These additives can be used alone or in
combination of two or more of them.
[0035]

The resin mixture used in the present invention can be
readily prepared by facilities and method commonly used as the
conventional resin composition preparation method.
Nevertheless, thehighresistancetohydrolysiscanbemaintained
by conducting film-forming as a mixture, not by performing
melt-kneading before the film-forming.

[0036]

In the present invention, the film-forming method is not
specifically limited, and there canbeusedvarious knownmethods
such as inflationmethod and T-diemethod, without modification.

Normally the back sheet of a solar cell has the following
main components: the outermost layer which is required to have
weatherability and mechanical characteristics; the
intermediate layer which is required mainly to have barrier to
water vapor; and the innermost layer which is required to have
heat resistance, moisture resistance, electric properties, and
mechanical properties. Eachof themisconstitutedbycombining
fluorine resin film, polyester film such as PET, PEN, or PBT,
metal foil such as aluminum sheet, deposition film of alumina,
silica, or the like. 1In order to provide each layer with
light-blockingeffect, reflectivity, and weatherability, there
may be added an inorganicmaterial suchas titaniumoxide, barium

sulfate, or carbon black particles.
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The polyester resin mixture of the present invention is
preferably used together with these components. Applicable
methods for forming the above layer structure include:
co—extrusion method using two or more melt-extruders for
obtaining laminated films having two or more layers; extrusion
laminatingmethod for forming stretched or non-stretched films;
and dry laminating method.

[0037]

The present invention can provide a film having very few
fisheyes, or having less than five thereof of 10 um or larger
size per 1 cm? of film.

[0038]

Since there can be obtained a film having very high
resistance to hydrolysis, when the film is used as a back sheet
film for solar cell module, the module has high durability and
light weight, thus being able to contribute to efficient use

of energy, which provides very high industrial value.

Examples
[0039]

The present invention will be described in more detail in
the following. However, the present invention is not limited

to these examples.

Examples 1 to 9, Comparative Examples 1 to 6

The respective components listed in Table 1 were weighed
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and then dry-blended, followed by compounding by the method
indicated in Table 1, and then the respective films having a
thickness of 50 um were produced by the T-die method. From the
respective films, the respective test pieces were cut tomeasure
physical properties. The result is also indicated in Table 1.
[0040]

In the compounding method of Table 1, the symbol *“MB”
signifies the compound mixed by the masterbatch, the symbol
“powder” signifies the compound of powder mixing or granule
mixing, and the symbol “melt” signifies the compound produced
by performing melt-kneading of the components in a 30 mm dia.
twin screw extruder (TEX-30, manufactured by The Japan Steel
Works, Ltd.) under cylinder temperature of 260°C, extrusionrate
of 15 kg/h, and screw rotational speed of 150 rpm.

[0041]

The detail of the components used and the measurement method
for evaluating the physical properties are given below.

(A) Polybutylene terephthalate resin

(A-1) Manufactured by WinTech Polymer Ltd.; intrinsic
viscosity of 1.1 dL/g, and amount of terminal carboxyl group
of 8 meqg/kg

(A-2) Manufactured by WinTech Polymer Ltd.; intrinsic
viscosity of 0.88 dL/g, and amount of terminal carboxyl group
of 15 meqg/kg

(A-3)

To a reaction vessel equipped with an agitator and a

16



distillation column, there were supplied 88 parts by weight of
dimethyl terephthalate, 61 parts by weight of 1,4-butanediol,
and 0.07 parts by weight of tetrabutyl titanate, which were then
heated while agitating thereof under nitrogen atmosphere.
After 30 min, the mixture reached 145°C, and methanol distillate
generated by the ester exchange reactionwas observed. Further,
the temperature of the mixture was increased up to 210°C in 100
min. At thatmoment, themethanoldistilledbytheester exchange
reaction reached 26.5 parts by weight, which was 91% relative
to the theoretical value. Then, the reaction system pressure
was carefully and gradually decreased while raising the
temperature of the reaction system to reach 250°C and 0.5 Torr
(or 66.5 Pa) in 30 min. By maintaining the system so as to be
250°C and 0.5 Torr, the polycondensation reaction was caused
to proceed for 140 min. Then, nitrogen gas was introduced to
the reaction system to return the system pressure to ordinary
pressure. After being allowed to stand in that state for 15
min, the bottom valve of the reaction vessel was opened to
discharge the polymer in strand shape, which was then cooled
to be solidified in water, and then was cut by using a strand
cutter for 20 min to carry out pelletization. The intrinsic
viscosity andthe amount of carboxyl terminal group of thepellets
were measured to be 1.1 dL/g and 45 meqg/kg, respectively.
(A-4)
To a reaction vessel equipped with an agitator and a

distillation column, there were supplied 88 parts by weight of
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dimethyl terephthalate, 61 pars by weight of 1,4-butanediol,
0.07 parts by weight of tetrabutyl titanate, and 0.005 parts
by weight of sodium acetate, which were then heated while
agitating thereof under nitrogen atmosphere. After 30min, the
mixture reached 145°C, and methanol distillate by the ester
exchange reaction was observed. Further, the temperature of
themixture was increasedup to 210°C in 100 min. At that moment,
the methanol distilled by the ester exchange reaction reached
25.9 parts by weight, which was 89% relative to the theoretical
value. Then, the reaction system pressure was carefully and
graduallydecreasedwhileraisingthetemperatureof thereaction
system to reach 250°C and 0.5 Torr (or 66.5 Pa) in 30 min. By
maintaining the system so as to be 250°C and 0.5 Torr, the
polycondensationreactionwas causedtoproceed for 90min. Then
nitrogen gas was introduced to the reaction system to return
the systempressure to ordinary pressure. After abeingallowed
tostand in that state for 15min, the bottomvalve of the reaction
vessel was opened todischarge the polymer in strand shape, which
was then cooled to be solidified in water, and then was cut by
using a strand cutter for 20 min to carry out pelletization.
[0042]

The entire amount of the prepolymer thus obtained was
supplied to a reaction vessel equipped with a nitrogen—-feed pipe
andavent pipeandbeingcontrollabletoaspecifiedtemperature.
Nitrogen was supplied to the reaction vessel at a volume rate

of twice the polymer volume per minute. The temperature of the

18



reaction vessel and the temperature of the nitrogen supplied
were set to190°C. Inthat state, thesolidphasepolymerization
was conducted for 8hours. Theintrinsicviscosityandtheamount
of carboxyl terminal group in the pellets were measured to be
0.85 dL/g and 8 meqg/kg, respectively.

(A=5)

To a reaction vessel equipped with an agitator and a
distillation column, there were charged 88 parts by weight of
dimethyl terephthalate, 61 pars by weight of 1,4-butanediol,
0.07 parts by weight of tetrabutyl titanate, and 0.003 parts
by weight of sodium acetate, which were then heated while
agitating thereof under nitrogen atmosphere. After 30min, the
mixture reached 145°C, and methanol distillate generated by the
ester exchange reaction was observed. Further, the temperature
of the mixture was increased up to 210°C in 100 min. At that
moment, the methanol distilled by the ester exchange reaction
reached 26.2 parts by weight, which was 90% relative to the
theoretical value. Then, the reaction system pressure was
carefully and gradually decreased while raising the temperature
of the reaction system to reach 250°C and 0.5 Torr (or 66.5 Pa)
in 30 min. By maintaining the system so as to be 250°C and 0.5
Torr, the polycondensation reaction was caused to proceed for
100min. Thennitrogen gas was introduced to the reaction system
to return the system pressure to ordinary pressure. After
allowing to standing the system in that state for 15 min, the

bottom valve of the reaction vessel was opened to discharge the
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polymer in strand shape, which was then cooled to be solidified
in water, and then was cut by using a strand cutter for 20 min
to carry out pelletization.

[0043]

The entire amount of the prepolymer thus obtained was
supplied to a reaction vessel equipped with a nitrogen—-feed pipe
andavent pipeandbeingcontrollabletoaspecifiedtemperature.
Nitrogen was supplied to the reaction vessel at a volume rate
of twice the polymer volume per minute. The temperature of the
reaction vessel and the temperature of the nitrogen supplied
were set to 190°C. 1In that condition, the solid phase
polymerization was conducted for 14 hours. The intrinsic
viscosity andthe amount of carboxyl terminal group inthepellets
were found to be 1.1 dL/g and 15 meg/kg, respectively.

(B) Carbodiimide compound

(B—1) Aromatic carbodiimide compound: Stabaxol P100 (283
um of median diameter), manufactured by Rhein Chemie Japan Ltd.
(B-2) Aromatic carbodiimide compound: Stabaxol P (73 um
of median diameter), manufactured by Rhein Chemie Japan Ltd.

- (B-3) Polybutylene terephthalate masterbatch of aromatic
carbodiimide compound: Stabaxol KE9193, manufactured by Rhein
Chemie Japan Ltd.

(B—4) Dry-blending the (A-1) polybutylene terephthalate
resin with the (B-2) carbodiimide compound so that the content
of the carbodiimide compound is 15% by weight through weighing,

which were then melt-kneaded in a 30 mm dia. twin screw extruder
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(TEX-30, manufactured by The Japan Steel Works, Ltd.) under
cylinder temperature of 260°C, extrusion rate of 15 kg/h, and
screw rotational speed ofl50 rpm to produce pellets.

(B=5) Aliphatic carbodiimide compound: Carbodilite LA-1
(666 um of median diameter), manufactured by Nisshinbo Chemical
Inc.

The particle size of the carbodiimide compound was measured
by using a particle size distribution tester, manufactured by
HORIBA Inc. and water as the dispersant under a condition of
ultrasound for 2 min.

[Film-forming condition]

The film was formed to be a thickness of 50 um by using
az20mmdia. plastomill, manufactured by Toyo Seiki Seisaku-sho,
Ltd., equipped with a T-die (150 mm of 1lip width) under cylinder
temperature of 250°C, 50 rpm, and roll temperature of 30°C. The
material was dried at 140°C for 3 hours.

[PCT test]

For the filmproducedby theplastomill, the PCT test (121°C,
2 atm) was carried out. After the test, the tensile strength
holding rate was evaluated as the resistance to hydrolysis.
[Fisheye evaluation]

For the film produced by the plastomill, the number of
fisheyes having a size of 10 ym or larger per 1 cm? of film was
counted by using a light microscope.

[0044]

[Table 1]

21



Gl 3 z 3 Z Z ) z z | Z 4 ! Z Z (W9 |/SJUN0J) SaA_ySIH
oor | o |oo | 98 | 26 | e [ooz<| 9 |2 |ooz<| 9z | 9z |ooe<| opb | om o1 9405 2 th,%_wwm Uoleniens
- |sopmod | Yo | aw | an | anN | aw |[sepmod [ g | aw [sepmod | an | gw [tepmod [ aw poyjaw Buipunoduwo)
. . . . . . ) . . . ) . . i . dnoub |Axoqie
L | LT | b | 8€0 | WL | 8L | L2 | wbh | v9 | 6L | 6L [ 6Ty | VLT | ¥LE 101Uy J JUSIBAIDS SpILIPOLIED
g0 50 50 (Jybrem Aq sped) ¢-g
e (ubrem Aq sped) -9
ge | ee ] ¢ | voe ¢e | 66 99 ¢'e | (ublem Aq sped) ¢-al (q)
G0 (Jybiem Aq sped) 79
G0 50 (ybrem Aq sped) 1-g
1'96 (Jubiem Aq sped) Gy
1'96 (Jybrem Aq sped) 7Y
1'96 (Jublom Aq sped) ey (v)
G'66 1'96 (Jyblem Aq sped) v
00} G'66 9¢, | 966 116 | 666 | 296 | v¢6 | 966 | 296 | (ubiem Aq sped) l-Y
9 g ¥ 3 Z | 6 8 / 9 g ¥ ¢ Z !
sojdwex3 aanesedwon sojdwex3

22



[0045]

As shown in Table 1, the films obtained in Examples by mixing
a polybutylene terephthalate resin having 20 meq/kg or less of
the amount of carboxyl terminal group and having 0.9 dL/g or
larger intrinsic wviscosity, and a specified amount of
carbodiimide compound in a form of powder mixture, granule
mixture, or masterbatch exhibited high resistance to hydrolysis

and generated less fisheyes.
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Claims

1. A polybutylene terephthalate resin mixture for film
production, obtained by mixing (A) polybutylene terephthalate
resin, having an amount of carboxyl terminal group of 20 meq/kg
or less and an intrinsic viscosity of 1.1 dL/g or more, with
(B) a carbodiimide compound in any form of powder, granule and

masterbatch.

2. Thepolybutylene terephthalateresinmixture according
toclaiml, wherein the molecular weight of the (B) carbodiimide

compound is 7000 or more.

3. Thepolybutylene terephthalateresinmixture according
to claim 1 or claim 2, wherein the mixing rate of the (B)
carbodiimide compound is specified so that the amount of the
carbodiimide functional group of the (B) carbodiimide compound
may be 0.5 to 20 equivalents when the amount of carboxyl terminal
group in the (A) polybutylene terephthalate resin (A) is set

as 1.

4. Thepolybutylene terephthalateresinmixture according
to any one of claims 1 to 3, wherein the resin of the masterbatch

of the (B) carbodiimide compound is polybutylene terephthalate.

5. A film obtained by melt-extruding the polybutylene
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terephthalate resin mixture according to any one of claims 1

to 4.

6. The film according to claim 5, wherein the number of
fisheyes having 10pm or larger size per 1 cm? of film is less

than five.

5. A back sheet film for a solar cell module, being the

film according to claim 5 or claim 6.

8. A method of manufacturing film of a polybutylene
terephthalate resin mixture, comprising the step of
melt-extruding the polybutylene terephthalate resin mixture

according to any of claims 1 to 4.

9. Asolarcellmodule, comprisingfilmof thepolybutylene
terephthalate resin mixture according to any of claims 1 to 4,
or film obtained by the method according to claim 8, as the back

sheet.

10. Useofthefilmof thepolybutylene terephthalateresin
mixture according to any of claims 1 to 4, or the £film obtained
by the method according to claim 8, as a back sheet of solar

cell module.
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