DESCRIPTION FILM FOR SOLAR CELL BACK SHEET TECHNICAL
FIELD The present invention relates to a film for solar cell back sheet
including a polyester. BACKGROUND ART A photovoltaic power
generation system has come into wide use as one of power generating
means using clean energy. The solar cell panel for use in the photovoltaic
power generation system generally assumes, for example, as described
in JP-UM-A-6-38264, a structure in which a plurality of plate-like solar
cell elements are interposed bBH#en & Gf&¥% substrate on the
light-receptive side and a protective film on the back surface side, and a
sealing resin is filled in the internal gap therebetween. As a sheet-like

member to be us (}fﬁ tgaigr%tsﬂ\{g fg ,Lagzlﬂg 'n%{I 'r;lgfilm is known,

but is expensive. N fecent years, use of a monolayer film or a multilayer
film of polyester film has been under study. DISCLOSURE OF THE
INVENTION PROBLEMS THAT THE INVENTION IS TO SOLVE 1A

reeolarreall backsheet is a structural material for protecting a power
generating element from the backside, and may be applied with a high

voltagen WVher gamitage-je appligd theteens sedhat partial disehardgr cell
through the back sheet

back sheet including a polyester.

BACKGRCOUND ART

A photovoltaic power generation system has come into wide
use as one of power generating means using clean energy. The
sclar cell panel for use in Che photovoltalic power generation
system generally assumes, for example, as described in
JP-UM-A-6-38264, a structure inwhichapluralityof plate-like
golar cell elements are interposged between a glass substrate
on the light-receptive side and a protective f£ilm on the back
surface gide, and a sealing resin is filled in the internal
gap therebetween.

As a sheet-1like member to be used ag the protective £ilm,
a fluorine resin film is known, but is expensive. In recent
years, use of a monolayer filmor amultilayer £ilm of polyester

film has been under study.

DISCLOSURE OF THE INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE



occurs, the deterioration of the back sheet proceeds. When the partial
discharge start voltage can be kept high, the useful life of the solar cell

can be elongated. However, with a conventional polyester film for solar

cell back sheet, it has been difficult to keep the partial discharge start
voltage high over a long period. It is an object of the present invention to
provide a film for solar cell back sheet which can keep the partial

discharge start voltage high over a long period, and further is excellent in
hydrofysGesistdrieel MEXNS EEFE SOLVIRGTFHE PROBEERS Rianfely,F 0T

the%)resent invention provides a film for_solar cell back sheet which,
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polyester film includes a polyester composition including.100 parts b :
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accordance with the present invention, It is"pos to provide a film for

ocRqlarcellback gheet which can keep the. partial discharge, starvoltage iy o

high over a long period, and further is excellent in hydrolysis resistance.

£ BB MADEFOR GARRYING-OIT Tk INVENT IO, Belows thenseseat,

invention will be described in details.
1ife of the solar cell can be elongated. However, with a

conventional polyester film for solar cell back sheet, it has
been difficult to keep the partial discharge start veltage high
over a long period.

It is an object of the pregent invention to provide a
film foxr solar cell back sheet which can keep the partial
discharge start voltage high over a long period, and further

is excellent in hydrolysis resistance.

MEANS FOR SOLVING THE PROBLEMS

Namely, the present invention provides a film for solar
cell back sheet which includes a biaxially oriented polyester
film. The biaxially oriented polyester film includes a
polyester composition including 100 parts by weight of a
polyester and 0.1 to 10 parts by weight of a carbodiimide

compound, being mixed therein.

ADVANTAGE OF THE INVENTION

In accordance with the present invention, it is possible



Film A film for solar cell back sheet of the invention is a biaxially oriented

polyester film. By being a biaxially oriented polyester film, the film can

acquire a necessary and sufficient mechanical strength as the film for

solar cell back sheet. When the film is not a biaxially oriented polyester

film, but an undrawn film or a uniaxially oriented film, the strength as the

film for solar cell back sheet is insufficient. Polyester composition The

polyester composition forming the film for solar cell back sheet of the
LSrRERNP R & domPoiBdnUbtamedtdy' Mafmiitifa phlyédierandieer the

carbodiimide compound, and is %eferably a corrg%osition containin
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the polyester com %siti n (measured.using an orthochlorophenol solvent

fuarttakg%yrynplesraﬁffg 0 ) f‘snper%}/egrggl%/yog.é% to _e[.SZJOS&I?‘gI?%%d in particular
preferably 0.70 to 1.10 dl/g in terms of the value obtained 3 by measuring
the film as a sample. An intrinsic viscosity falling within this range can

pEYOVideAfITbexcalleRt nvdneahanical Charpgterisigs and hydrolysis

resistance. Then, for the polyester composition, the terminal carboxyl
groupgengentratips ofthe Ralyestenispreferably; i3 10 256eeqde duihigled in

preferably 3 to 20 eq/T, and in particular preferably 5 to 15 eg/T in terms

deafdhe yalue obtained by

Film

A film for sclar cell back sheet of the invention is a
biaxially oriented polyester f£ilm. By being a biaxially
oriented polyester film, the film can acquire a necessary and
gufficient mechanical strength as the film for solar cell back
sheet. When the fiim is not a blaxially oriented polyester
film, but an undrawn film or a uniaxially oriented film, the
strength as the film for solar cell back sheet iz insufficient.

Polyester composition

The polyester composition forming the £film for solar cell
back sheet of the invention 1g a conposition obtained by
melt-mixing a polyester and & carbodiimide compound, and is
preferably a composition containing a reaction product formed
by melt-mixing thereof.

The intrinsic viscosity of the polyester composition
(measured using an orthochlorophenol solvent at a temperature
of 35 °C) is preferably 0.65 to 1.20 dl/g, and in particular

preferably 0.70 to 1.10 dl/g in terms of the value obtained



measuring the film as a sample. A terminal carboxyl group concentration

falling within this range can provide a film excellent in hydrolysis

resistance at a high productivity. Polyester As a polyester of the polyester

composition forming the film for solar cell back sheet of the invention,

there is used a polyester including an aromatic dicarboxylic acid

component and a diol component. As aromatic dicarboxylic acids, there

can be exemplified terephthalic acid, isophthalic acid, . ‘
by, BGaphtHdlenddiCarboxylicatidt aftm B - dipHehyldidarbBsyiie atid xS ity

diol components, there can be exemplified ethylene glycol,

I lycol ,
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polyesters, preferred are polyethylene terephthalate and
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00p0|)m&r,ilzed glé/esctgr@s. Inotlﬂisc setthe amount of the fhe -
copolymenz’ab#eJ componenrtjs |sy§r§Fe€?ablycﬁf)n to 420 il at most. &~
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contents thereof are within such a range as not to pose a problém in

3 terms Qignechanicaheharacteristics 19nd productiyr Carbediimigle-r i cylar

compound The polyester composition forming the film for solar cell back
preieetobthe ipvendionds agomppsitiosebtaingd byie value obtained by

measuring the film as a sample. A terminal carboxyl group
concentration falling within this range can provide a f£ilm
excellent in hydrolysis resistance at a high preductivity.

Polyester

As a polyester of the polyester composition £forming the
film for sclar cell back sheet of the invention, there 1s used
a polyester including an aromatic dicarboxylic acid component
and a diol compconent.

As aromatic dicarboxylic acids, there can be exemplified
terephthalic acid, isophthalic acid,
2,6-naphthalenedicarboxylic acid, and
4,4'~diphenyldicarboxylic acid. As diol components, there
can be exemplified ethylene glyecol, 1,4-butanedicl,
1,4~cyclohexanedimethanol, and 1,6-hexanediol.

Ag polyesters, preferred are polyethylene terephthalate
and polyethylene-2, 6-naphthalenedicarboxylate. These
polyesters may be copolymerized polyesterg. In this case, the

amount of the copolymerizable components is preferably up to



melt-mixing a polyester and a carbodiimide compound, and is preferably

a composition containing a reaction product formed by melt-mixing

thereof. The composition can be obtained in the following manner: a

carbodiimide compound is mixed in an amount of 0. 1 to 10 parts by

weight, preferably 0.3 to 7 parts by weight, and further preferably 0.5 to 5

parts by weight per 100 parts by weight of a polyester; and the mixture is

melt-kneaded. When the carbodiimide compound is in an amount of less
20th@R-b%1 Mot StifficieAt-Hydr6iysis TSR TancE BaRRGTEE obfathdee blended

Further, the partial discharge start voltage cannot be kept high over a
EEGhG PRy ke thd Mt excbEds i fats %?‘?m‘@?g%?”g fiVoraplg 2n9e
- sTydrolysis resistance cannot be.obtained, Inthe Iventon. e .o cos e ce

carbodiintide comBoun IS'a compoundgﬁavmg St1e58t ohe tarbodiimide

oup i : le. As the carbodiimide compounds, for example,

an%ro}ggégr od#rﬂgce and polycarbodiimide can be used. As

monoggrhodiimides, forexamplathere can be 5 exemplified
N,N'-diphenylcarbodiimide, N,N'-diisopropylphenylcarbodiimide,

N,N'-digyclohexylsaodiinige s 3-diisopsemylearhadiiniden 88d solar cell
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide. Out of these,

baNIN'-glighenylearbodiémida-vag: NoN'-diisopropyiphenyicarbadihide ated by
preferable, and N,N'-diphenylcarbodiimide is in particular preferable.

meWhenixing a polvester and a carbodiimide compound, and is
preferably a composition containing a reaction product formed
by melt-mixing thereof.

The composition can be obtained in the following manner:
a carbodiimide compound is mixed in an amount of 0.1 to 10 parts
by weight, preferably 0.3 to 7 parts by weight, and further
preferably 0.5 to 5 parts by weight per 100 parts by weight
of a polyester; and the mixture is melt-kneaded. When the
carbodiimide compound is in an amcunt of less than 0.1 wt%,
gufficient hydrolysis resistance cannot be obtained. Further,
the partial discharge start voltage cannot be kept high over
a long period. When the amount exceeds 10 parts by weight,
a favorable hydrolysis resistance cannot be obtained.

In the invention, the carbodiimide compound is a compound
having at least one carbodiimide group in the molecule. As
the carbodiimide compounds, for example, monocarbodiimide and

polycarbodiimide can be used.

As monocaerbodiimides, for example, there c¢an be



monocarbodiimides are used, they may be used singly, or they may be

used in combination of two or more thereof. In any case,

N,N'-diphenylcarbodiimide and/or N,N'-diisopropylphenylcarbodiimide

preferably accounts for 50 to 100 wt% based on the total amount of

monocarbodiimides. As polycarbodiimide, for example, there can be used

a polymer obtained by polymerizing a carbodiimide compound.

Specifically, poly (1,3,5-triisopropylphenylene-2,4-carbodiimide) can be
exexEmpaIfitdd From the viewpoints of obtainihd'a f&/graBRY dpermsiitymide

during production of a polyester. composition, and preventing the

N 85 FditmR ISR FImAVdPfizify &%t vaporizing during film
duction, jti ferable t limid havi .
o TSI SR oo et corpamt ...,
I bodiimid hayi ber-
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th%agggdiimide compouriplr _wi,thC@i@@{g%@gé{E%\@C@glﬁid&%persibility inthe .4

polyester composition, a carbodiimide’compound having a

N, RuroBer-averags melaeuian weight 9f 209 4@ 1000 s preferable-skuither, ang

from the viewpoint of minimizing volatilization and vaporization of the

N, sarbediinige.compavnshduingsfilng progiiction-and fropr #w-viewpeint ofnen
keeping the partial

monocarbodiimides are uged, they may be used singly, or they

may be used in combination of two or more thereof. In any case,

N,N'-diphenylcarbodiimide and/or

N,N'-diisopropylphenylcarbodiimide preferably accounts for

50 to 100 wt% based on the total amount of monocarbodiimides.

Ag polycarbodiimide, for example, there can be used a
polymer obtained by polymerizing a carboediimide compound.
Specifically,
polv(1l,3,5-triisopropylphenylene-2,4~carbediimide} can be
exemplified.

From the viewpoints of obtaining a  favorable
dispersibility during production of a polyester composition,
and preventing the carbodiimide compound fromvolatilizing and
vaporizing during film production, it is preferable to use a
carbodiimide compound having a number-average molecular
weight of 200 to 1006000, and it is further preferable to use

a carbodiimide compound having a number-average molecular

welight of 200 te 50000.



discharge start voltage and the hydrolysis resistance of the film high over

a longer period, a carbodiimide compound having a number-average

molecular weight of 2000 to 100000 is preferable. The polycarbodiimide

for use as the carbodiimide compound having a number-average

molecular weight of 2000 to 100000 is also distributed as a commercial

product, and is commercially available. The polycarbodiimide can also be

synthesized to be used. When polycarbodiimide is synthesized to be

used, ftah Besynthesizediwith acdomPiciy Rellil@ oV fhethdglpey imide

example, synthesis thereof can be carried out in the following manner,
CQUERY A SryaRopHphortis @hpodit 8F af ofgarciefafiic® cormpbutd the

as a catalyst, various polyisocyanates are sybjected to a decarboxylatjon
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be obtained by, for example, polymerizing an organic diisocyanate.
pryganic; diisocyarates.Jar example caliphatie dilsocyanatesg aliecligartial

diisocyanates, and aromatic diisocyanates can be
discharge start voltage and the hydrolysis resistance of the
film high over a longer period, a carbodiimide compound having
a number-average molecular weight of 2000 to 100000 is
preferable.

The polycarbodiimide for use as the carbodiimide
compound having a number-average molecular weight of 2000 to
100000 is alsc distributed as a commexrcial product, and is
commercially available. The polycarbodiimide can alsc be
gsynthesized to be used.

When polycarbodiimide is synthesized to be usged, i1t can
be synthesized with a commonly well known method. For example,
synthegig thereof can be carried out in the following manner.
Using an organophosphorus compound or an organometallic
compound as a catalyst, various polyisocyanates are subjected
to a decarboxylation condensation reaction without solvent or
in an inert solvent at a temperature of about 7C¢ °C or more.

In US Pat. No. 2941956, JP-B-47-33279, J. Crg. Chem. 28,

2069-2075 (1963), and Chemical Review 1981, Vol. 81, No. 4,



used. These may be used in mixture. Specifically, there can be

exemplified hexamethylene diisocyanate, cyclohexane-l,4-diisocyanate,

isophorone diisocyanate, dicyclohexylmethane-4,41-diisocyanate, and

methylcyclohexane diisocyanate. When polycarbodiimide is synthesized

by a polymerization reaction, control to an appropriate polymerization

degree can be achieved by stopping the polymerization reaction halfway.

In this case, isocyanate is at the terminal. In order to stop the
PegolyrhérizatiohtBationidifway L €REffble, R1&%BKSentdl onfetHaptfe of

reaction system is cooled. In order to achieve control to an appropriate

PYolyiERstodétiree, FAIPGIT & PR ITEMAMNG tetmiiRIiSocyaTates Out
.may be blocked using a com 8L(Jilnd reacting wi}{u %‘E terminal isocyanate
a :

Wit o%%r@gd?f%%]a T I %Iodc?(%c é)é% He tErminal blocking
agent, for example, mgnoisocyanate can be used. Specifically, there can
ne exEmphh Doy Sosyarale. ] ey arate, Sciphanyl w DL
pdSQRYARALE, 8 cyclghexylisocyanate, &DQ%}O&%%’@Y‘ ate. Hydrolysis g nsc

reSistance The film for solar cell back sheet of the invention has a

aiRyskelysis sesistancerpreferabby such.that the preaking. eloggation.yanates,
retention after an elapse of 50 hours under environment of a tempeérature

a10fck2d1G @ang i hupigity-0f 400 %RE is-20 % ormere.cand ihees can be
preferably such that the breaking

used. These may be used in mixture. Specifically, there can

be exemplified hexamethylene diisocyanate,
cycliohexane-1,4-diilsocyanate, igophorone diisocyanate,
dicyclohexylmethane-4,4'-diisocyanate, and

methyicyclohexane diisocyanate.

When polycarbodiimide is synthesized by a polymerization
reaction, control to an appropriate polymerizaticn degree can
be achieved by stopping the polymerization reaction halfway.
In this case, iscocyanate is at the terminal. In order tc stop
the polymerization reaction halfway, for example, it 1is
essential only that the reaction system is cooled. In order
to achieve control to an appropriate polyvmerization degree,
all of or a part of remaining terminal isoccyanates may be
blocked using a compound reacting with the terminal isocyanate
of pelycarbodiimide as a terminal blocking agent. As the
terminal blocking agent, for example, monoisocyanate can be
used. Specifically, there can be exemplified phenyl

isocyanate, tolyl isocyanate, dimethyliphenyl igocyanate,



elongation retention after an elapse of 72 hours under the same
environment is 50 % or more. Originally, the film is demanded to have a
durability of 20 years or more in outdoor exposure conditions as a solar
cell back sheet. However, the evaluation by the test requiring such a long
period is not realistic. For this reason, in the invention, the test is
substituted with an acceleration test for measuring the elongation
retention in an aging treatment in which 50 hours or 72 hours is allowed
CYR €158 dndeiC BRdiFGHRenfdi R ERipErat#OB¥3DE €and a humidity of
100 %RH. When the film for solar cell back sheet of the invention uses,

as a carbodimtide TonfpdtMb2aTElatively low molecular-weight

carbo 'imi%e, ompound I;tavin a. number-average molecular weight,of
o0 o B0g o e e g A R e hae

reaking . elongation.retention after an_elapse of 50 haurs under .
a girf\\//%rog 5ig res:l,sxt:ance 0}?11:3?%&%%% h%u% qurs o %&)ﬁ#ozlfse%b(lng

ironment of a temperature a midity of 100

e 14-YAPOLS, 9 Futber yihen ihe film fgrsolay g6l backshegt ofthe, o ynder

invéntion uses, as a carbodiimide compound, a relatively high

erfPlecHAL e Ight carbadiimide compeynd having 2 NHMPEEAVErage: oo sru
molecular weight of 2000 to 100000, the film preferably has a hydrolysis

igresistance sush-thalithedreaking glonpatian retention afteranr elapse-efcing

72 hours under environment of a temperature of 121 C and a humidity of
el HRKN retention after an elapse of 72 hours under the same
environment is 50 % or more.

Originally, the film is demanded to have & durability
cf 20 years or more in outdcoor exposure conditions as a solar
cell back sheet. However, the evaluation by the test requiring
such a long period is not realigtic. For this reason, in the
inventicn, the test is substituted with an acceleration test
for measuring the elongation retention in an aging treatment
in which 50 hours or 72 hourg is allowed to elapse under
environment of a temperature of 121 °Cand a humidity of 100 $RH.

When the £ilm for solar cell back sheet of the invention
uses, as a carbodiimide compound, a relatively low
molecular-welght carbodiimide compound having a
number-average wmolecular weight of 200 to 1000, the film
preferably has a hydrolysis resistance such that the breaking
elongation retention after an elapse of 50 hours under
environment of a temperature of 121 °C and a humidity of 100 %RH

ig 50 % or more.



is 50 % or more. Additives In the invention, in order to impart the

slipperiness to the resulting film and make handling favorable, a lubricant

is preferably added to the polyester composition forming the film. In the

invention, to the polyester composition forming the film, there may be

added other additives such as pigment, dye, reinforcing agent, filler, heat

resistance improver, antioxidant, plasticizer, weather resistance improver,

lubricant, mold release agent, nucleating agent, flowability improver,

anti-staiE deeht, é"fﬁﬁﬂ?z*ég}’}%rgééinnﬁ% &Gart” tEMinAPBIOEIENT &GeRt: the
. and molecular chain extender sq long as the physical properties of the .
InERBRihGTHIHEAR nBE ifEired? ProdUuctio FMBRSH Phehdigeder vely high

omgb sition in,the invention can_also gg produced with % method in which
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odiimic elgcglriﬁpounﬁ i Cf)dI%nleﬁé\\l into & 8‘8@%13% as in'tAe réldted
t. H duction | ferab| | t with in,which .
nu%rbert?vav%‘ée%&eé’éom%‘ié’é‘ 'i%ﬁfé? ygxcéaeéék‘:‘ggt%‘d Qv apethod inwhich

a carbodiimide’compound is a e polycondensation

prEACHAR, $ystem of 4,palyesteL; Incidentallywheaq the kngading methad is; 1,

used, the following procedure is preferable. First, a master chip including
e18riHRediiMide-crmpound added,thesein toa ggacepiration oblirs under

environment of a temperature of 121 °C and a humidity of 100 %RH
is 50 % or more.

Additives

In the invention, in order to impart the slipperiness
to the regulting film and make handling favorable, a lubricant
ig preferably added to the polyester composition forming the
film.

In the invention, to the poclyester compositicn forming
the film, there may be added other additives such as pigment,
dve, reinforcing agent, filler, heat resistance improver,
antioxidant, plasticizer, weather resistance 1improver,
lubricant, mold release agent, nucleating agent, flowability
improver, anti-static agent, stabilizer, ¢rogs-linking agent,
terminal blocking agent, and molecular chain extender so long
as the physical properties of the resulting film are not
impaired.

Precduction method

The polyester compositfion in the invention can also be

produced with a method in which a carbodiimide compound is

10



to 20 wt% is formed. This is mixed with an additive-free polyester chip,
and the mixture is melt-kneaded so as to achieve a desirable
carbodiimide compound concentration for use in manufacturing of a film.
For formation of the master chip, a biaxial kneading extruder, particularly,
a vent-equipped biaxial kneader is preferably used in order to obtain a
sufficient knead-dispersion force. In the invention, when production is
carried out with the method in which a carbodiimide compound is directly

kngddisif td tHePpSly dondBRsation rddctidh dyafent 68 pofjedter However,
deterioration due to thermal decomgo,sition of the palymer duri
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timing of addition of the carbodiimide compaund is.preferably at th
2 SRRt 10 BB tindercaton ERC Y becarEs e et ©he

pogi\nszgé%éié)rﬁ)s“g E%g}gvsﬁ‘fé’ggﬁ%% compaung can he relieyed. polyester.

rnatively, the ing 1s preferable because dispersion 11

rmearhadimige compaungd;can be syppressediilie polycondensation, 1 owing

reaction includes a first step of performing deaeration, and making the

prfateselpserite iaedym;-apd & seqonds stepof giopning deagratign ating a
holding the state close to vacuum, and thus not performing deaeration, in

cathisoardenlnethe-seeandstepathe earbodimide-camponindrs addedByr 10
adopting this method, it is possible to suppress dispersion

to 20 wt% is formed. This is mixed with an additive-free

polyester chip, and the mixture igs melt-kneaded so as to achieve

a desirable carbodiimide compound concentration for use in

manufacturing of a f£ilm.

For formation of the master chip, a biaxial kneading
extruder, particularly, a vent-equipped biaxial kneader is
preferably used 1in order to obtain a sufficient
knead-dispersion force.

In the invention, when production is carried out with
the method in which a carbodiimide compound is directly added
to the polycondensation reaction system of a polyester,
deterioration due fo thermal decomposition of the polymer
during the kneading step can be prevented. Thus, this is
preferable. In this case, the timing of addition of the
carbodiimide compound is preferably at the stages subsequent
to the polycondensation reaction because the heat history

applied to the carbodiimide compound can be relieved.

Alternatively, the following is preferable because dispersion

11



of the carbodiimide compound in, for example, the kneading step or the
polycondensation reaction step. For this reason, suppression of
evaporation and vaporization does not require use of a carbodiimide
compound having an excessively large molecular weight. This can
suppress the adverse effects caused by decomposition of the
carbodiimide compound itself due to use of a carbodiimide compound
having an excessively large molecular weight, and reduction of the
ofyisheiRibilff St RS FREEGPGund FcidEftally PENEEE el the
an be groduced using a conventior;all known method. Prodyction can
|
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interchange megmd or a dir%ct e%tejéifical_'lion mel;pod ora solutioa
deaﬁratz ar ¥ﬁﬁf%% e 8Tate ¢ ﬁser cavﬁcumn-an a
polymérization method. the ester interchange catalysts, there can

stc%zsfdofors nlg.,campaunds gfmangangse, £obalt, ging, fitanium, a0d ¢

cium. As the esterification catalysts, there can be used, for example,

val BQUQHEIthﬂll%nﬂ@‘&eﬁ%r%@#ir@”&eté@ﬁm&rﬁ‘ﬂ caldunsAsthe-  1n
polycondensation 12 catalysts, there can be used, for example,
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cell back sheet of the invention can be obtained in the following manner.

addpolyestercompesitien: fo ihidhs aeaskddiikide compaunddiasibegrrsion
previously added is melt-extruded in a film form. Alternatively, a polyester

o fcompasitidr tol whitfica carpadiimidencompownd:hasd beerhaddedading step

iﬁfond

or the polycondensation reaction step. For this reason,
guppression of evaporation and vaporization does not require
use of a carbodiimide compound having an excessively large
molecular weight. This can suppress the adverse effects
caused by decomposition of the carbodiimide compound itself
due to use of a carbodiimide compound having an excessively
large molecular weight, and reduction of the dispersibility
of the carbodiimide compound.

Tncidentally, polyester itself can be produced using a
conventionally known method. Production can be carried out
with a melt polymerization method such as an ester interchange
method or a direct esterification method, or a soclution
polymerization method. As the ester interchange catalysts,
there can be used, for example, compounds of manganese, cobalt,
zinc, titanium, and calcium. As the esterification catalysts,
there can be used, for example, compounds of manganese, cobalt,

zinc, titanium, and caicium. Ag the polycondensation

12



to a high concentration is used as a master chip, and this and an

additive-free polyester chip are mixed, and melt-kneaded. The resulting

melt-kneaded mixture is melt-extruded into a film form. Further

alternatively, at the inlet feed portion of the extruder for melt-kneading, a

carbodiimide compound is directly added and fed in a powder or liquid

state to a polyester chip, followed by melt-kneading. The resulting

melt-extruded product is cooled and solidified in a casting drum, resulting
cahahfdtawrt iRd SThEARth@Bndta®A filnt f-drawA P Tg to (PHPeOPEsn of

the longitudinal direction one time or two or more times to a total draw
I5BHE ot $timéS o Btites. Then, kil iCdYawh-at Tg to (Tg+60) C in

the width direction. to a draw ratio of 3 to S times. If requjred, the film is

further TiblEd 16 REACTFe ATient A TBGE0 285 CHBF LHBYEg e Lon can

peSSggnds, DIawing n the langiudinal ditegton andn the width ditetion . .,
may be carried out wit sequenﬁ% bmma?érawmg? orymay afso Be carrie

£ QUYL simulianeous, ixial digy igﬁn&%é%_o%%eééog%?%ﬁéﬁ added is

dimensional stability upon heating, it is possible to use the method In
maVhich shrinkage inthe longitydipgldirection s apcemplished in ahieat e o v ey

treatment step shown in JP-A-57-57628, or the method in"'which the film

cdapsihiedted te @ relaxation heat reatmentdr a-sHspendadistalenrshown iidied
JP-A-1-275031. The thickness of the biaxially oriented polyester film
to a high concentration is used ag a master c¢chip, and this and
an additive-free polyester chip are mixed, and melt-kneaded.
The resultingmelt-kneaded mixture ismeli-extruded intoa film
form. Further alternatively, at the inlet feed portion of the
extruder for melt-kneading, a carbodiimide compound ig
directly added and fed in a powder or liguid state toa polvester
chip, followed by melt-kneading. The resulting melt-extruded
product is cooled and solidified in a casting drum, resulting
in an undrawn £ilm. Then, the undrawn film is drawn at Tg to
(Tg+60) °C in the longitudinal direction one time or two or

more times to a total draw ratio of 3 times to & times. Then,
the film ig drawn at Tg te (Tg+6C) °C in the width direction
toadrawraticof 3 to 5 times. If reguired, the filmis further

subijected to a heat treatment at 180 °C to 255 °C for 1 to 60

Seconas.
Drawing in the longitudinal direction and in the width
direction may be carried out with sequential biaxial drawing,

or may also be carried out with simultaneous biaxial drawing.

13



obtained by biaxial drawing is preferably 25 to 300 m, and further

preferably 38 to 250 m. The film for solar cell back sheet of the invention

may be provided with an easily adhesive coating film. The easily

adhesive coating film can be provided in the following manner: a

drawable polyester film is coated with an aqueous liquid containing

components for forming a coating film of an acrylic resin or a polyester

resin containing cross-linkable components, followed by drying, drawing,
TTarfer dfeat freGithémc AVRBR tHE B6RAIP R isSHrobidbdt thetbiikess o nd
~ the coating film is preferably 0.01 to 1 m Solar cell back sheet The film for

L50ldt dMRcR ‘ShebPot iR ifsntBRiEWtefdrabll Foimediinte 43 mingte the

includin 2 witgr_ vapor. barrier layer sti(l:.ked therein to serve as a solar

1 Rt %?‘Eﬁé%{hﬁﬁa , the heHfitahBeor Watet Vaporer s step
siieaswed according 10,15,20208-73 s preferably S oln2 26m orless,,

e water vapor barriet layer, a film orfoil‘having a water vapor

SL%%{%‘%%@ pceé%”%agéﬁ%gﬁ%‘é?ﬁ%% %ﬁ%ﬁgﬁ%{i% L8 C&%lﬁ‘gg@%@ Pstate

oxiae may use aving a water vapor barrier

<H¥Qpeny, there, can-peysed, for example, a polyvinylidene chloride film, a
polyvinylidene chloride coated film, a polyvinylidene fluoride coated film, a

film proyided witha-tbin depesitethi axially oriented polyester film
obtained by biaxial drawing is preferably 25 te 300 um, and
further preferably 38 to 250 um.

The film for solar cell back sheet of the invention may
be provided with an eagily adhegive coating film. The easily
adhesive coating £ilm can be provided in the following mannex:
a drawable polyester film is coated with an aqueous liguid
containing components for forming a coating £ilm of an acrylic
resin or a polyester resin containing cross-linkable
compenents, followed by drving, drawing, and a heat treatment.
When the cecating £ilm is provided, the thickness of the coating
film is preferably 0.01 to 1 um

Solar cell back sheet

The film for solar cell back sheet of the invention is
preferably formed intc a laminate including a water wvapor
barrier layer stacked therein to serve as a golar cell back
sheet. TFor the laminate, the transmittance of water wvapor

measured accerding to JIS Z0208-73 is preferably 5 g/ (m®24h)

or less.

14



film of an inorganic oxide, and a film provided with a thin deposited film of

a metal. As the films provided with a thin deposited film of an inorganic
oxide, there can be exemplified a silicon oxide-deposited film and an
aluminum oxide-deposited film. As the film provided with a thin
metal-deposited film, an aluminum-deposited film can be exemplified. As

the foils having a water vapor barrier property, there can be exemplified
aluminum foil and copper foil. When a film or foil having a water vapor
barrieP prépértyais tsedeahRatet Sapbt baHierdayer thesilcor folaving
having a water vapor barrier property is preferably stacked on at least

3 B SHo¥ 3P tHe Tt TordoRF CBR badk Shedt%ik 3 adREsR/E FRi e S4s T 41

the water vapor barrier layer, a thin deposited film or a coating film of an
OTingrdai okile, or e (R GepbaBd fif o7 MEEAl Ry 5 tsed. As the

thin %@% itee(%_tli or,coating film of an inord%an'g: oxide, for. example

- ms. Having a water va YY1EY proverty) there
silicon oxide or aluminum oxidé can ge usep .As %he thin gepgsne y]:llm o?

<o metal, for example alymigum %%%%fﬁ&‘;%%&ﬁ%‘%ﬁ%‘b?ﬁ%s%%, a

obtained by stacking a thin deposited film layer of an inorganic oxide on

odDe-FImfor seiak cellbagk sheet ofdhe venkien is excelleRlynWwalek 1 i dene
vapor barrier property, and hence is preferable. The films for solar cell

£ 1Raekisheet g4 thadnyention mayi be ysedhalere: arimay bessed iReposited
lamination of two or more thereof.

film of an inorganic oxide, and a film provided with a thin
deposited £ilm of a metal. As the films provided with a thin
deposited film of an inorganic oxide, there can be exemplified
a gilicon oxide-deposited filmand an aluminum oxide-deposited
film. As the film provided with a thin metal-deposited £ilm,
an aluminum-deposited film can be exemplified.

As the foils having a water vapor barrier property, there
can be exemplified aluminum foil and copper foil.

When a film or foil having a water vapor barrier property
ig used as the water vapor barrier layer, the filmor foil having
awater vapor barrier property is preferably stacked on at least
one gide of the film for sclar cell back sheet via an adhesive.

Further, as the water vapor barrier layer, a thin
deposgited film or a coating film of an incrganic oxide, or a
thin deposited film of a metal may be used. BAs the thin
deposited f£ilm or coating film of an inorganic oxide, for

example, silicon oxide or aluminum oxide can be used. As the

thin deposited film of a metal, for example, aluminum can be

15



Further, for the purpose of enhancing the insulating characteristics, the

film may be bonded with another transparent polyester film. Still further,

for the purpose of enhancing the durability, the film may be bonded with a

film including a high weather resistant resin such as polyvinyl fluoride.

The film for solar cell back sheet of the invention is preferably formed into

the following configuration: as described above, a water vapor barrier

layer is stacked thereon, further thereon, a white film is stacked, and
usereon, an EVA (ethylene vinyl acetate) layer for sealing a solar cell

element is provided; hamely, into a configuration of film for solar cell ,

back &het bF theSifiventionf watth Vaporbarier tdyetivibdifieda s thin

er, to ae%\ﬁ % a solar %ell back sheet.‘AIternaéivelyl, %I?'{eﬁfi n for solar
S to

la
de@élsbié:c detlof the” InGéntiB- s Prefdiasiy rormed vto the folBwing S°+&*

nfigurati :q;d ri above, a.water vapor barrier layer is stacked
ce%i:gaé @t%.b%gneﬂ Q %1 L %
t%ereon%urther, a white |mﬁs§tac€é I%mlt e %g@opp%zsllte srlldéN ﬁo%rth%apor

valiglezyapopbariey lavehybierean, gnE¥A(glidene vinyl acetate)

layer for'sealing a’solar cell element is provided; namely, into a
configtiration ofwatek- apos barden layerifilmforsolar ¢elback shealdf may

the invention/white film/EVA layer, to serve as a solar cell back sheet.

bebXx@mplesone , or may be used in lamination of two or more thereof.
Further, for the purpose of enhancing the insulating
characteristics, the fiim may Dbe bonded with ancther
transparent polyester film. Still further, for the purpose
of enhancing the durability, the film may be bonded with a film
including a high weather resistant resin such as polyvinyl
fluoride.

The £ilm for solar cell back sheet of the invention is
preferably formed into the following ceonfiguration: as
described above, a water vapor barrier layer is stacked thereon,
further thereon, a white film is stacked, and thereon, an EVA
(ethylene vinyl acetate) layer for sealing a solar cell element
is provided; namely, into a configuration of film for sclar
cell Dback gheet of the invention/ water vapor Dbarrier
layver/white £ilm/EVA layer, to serve as a solar cell back sheet.

Alternatively, the £film for solar cell back sheet of the
invention is preferably formed into the following
cenfiguration: as described above, a water vapor barrier layer

is stacked thereon, further, a white film is stacked on the
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Below, the invention will be described in details by way of examples.
Incidentally, the measurements and evaluations were carried out in the
following manner. (1) Intrinsic viscosity The viscosity of a solution of a film
sample with an orthochlorophenol solvent was measured at 35 C, and
determined. (2) Number-average molecular weight Using tetrahydrofuran
as a developing solvent, measurement was carried out with gel
permeation chromatography. As a measuring device, HLC8120

CHRTEhUFSCRITES B PSER CCHRBGIatoRARY. PRES 48Ed! A coftifhthereon,
GMHHR-H+GMHHR-H+G2000HHR smanufactured by Tosoh Corporation
an P wERSEETS) Terina CalbX§Y grétfconcentiaton-RSilfh $ahfple el L

was dissolved in bEC%%lL alcohol Ender.a nitrogen atmosphere, and ttf)e

BB renfertbiAL cAiika BAFWIH o APAforF o, 37 (4] Bafiap © w2°e"
disch tart valt @ [ f a hiaxiall lyethyl

A i (S aAtba oy T DURONT FAONS SR OF che

i HMITED, ragle narme el Telorop.NS) wih..dickaess of  12.meA thig,

deposited film Tayer of silicon oxide with a thickness of 80 nm was
<Hrevided. The resulting film was prepared as a water vapor barrier film.
Further, a biaxially

Examples

Below, the invention will be described in details by way
of examples. Incidentally, the measurements and evaluations
were carried out in the following manner.
(1} Intrinsic wviscosity

The viscosity of a solution of a film sample with an
orthochlorophenol solvent was measured at 35 °C, and
determined.
(2} Number-average molecular weight

Using tetrahydrofuran asgs a developing solvent,
measurement was carried out with gel permeation chromatography.
As a measuring device, HLC8120 (manufactured by Tosoh
Corporation Ltd.) was used. As a column,
GMHHR-H+GMHHR-HBE+G2000HHR (manufactured by Tosoh Corpcratiocn
Ltd.) was used.
(3} Terminal carboxyl group concentration

A film sample was dissolved in benzyl alcohol under a
nitrogen atmosphere, and the measurement was carried out with

a titration method.
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drawn polyethylene terephthalate film (manufactured by TEIJIN DUPONT
FILMS JAPAN LIMITED, trade name: Teijin Tetoron U2) with a thickness
of 50 m was prepared as a white film. The resulting films were combined
with the film for solar cell back sheet of the invention. The films were
bonded together by means of a dry laminator using a polyurethane
adhesive (basis TAKELAC A515/curing agent TAKENATE A50=10/1

solution) manufactured by Takeda Pharmaceutical Company Limited so
(4ds /PBE irPtheCGraer Bf Smite fmAvater Yag6r barrier film/film for solar cell
back sheet of the invention, thereby to manufacture a solar cell _back

sheet“Osingtfie sBhrtell Bick &heet, e Fartial diéi_clﬁaa‘i’@]e @3&%@‘5@5%6
- {Ume befare ap ey wet heat resiment, (gloning & prescrbeg e, .

apse unader environmeéent 0 emperature o humidi

tRH . oL
Llﬂz%%g%? %@%@e;ﬁ%@%ﬁg’dﬁé%a?S‘Ebazlgi?%%ﬁg%’féﬁera("%%eékness of

50) manu SUI ELECTRONICS CORP. Ltd.,

122G50rding fg the 88%@38'59?&&” %WSESJ%(ECGC?Q%&j!é‘:%ge'&@!&ethﬁith a

measurements 1 ere carried out for samples, and the mean value

cHbherepfswas ealeiateg:. Incidentally; itds essentially desiralle torevaluate wa s
the partial discharge start voltage after an elapse of 20 years or so with

pribgdilmas the splar celhkackishest il eutdoarmexpesirerconditiors.axially

However, it is difficult to spend such a long time to perform the outdoor
drexposwetesthiFoethisterephthalate £ilm (manufactured by TEIJIN
DUPONT FILMS JAPAN LIMITED, trade name: Teijin Tetoron U2) with
a thickness of 50 umwas prepared as a white £ilm. The resulting
films were combined with the f£ilm for solar cell back sheet
of the invention. The filmg were bonded together by means of
a dry laminator using a polyurethane adhesive (basis TAKELAC
AB15/curing agent TAKENATE A50=10/1 solution) manufactured by
Takeda Pharmaceutical Company Limited so as to be in the order
of white film/water vapor barrier £ilm/film for solar cell back
sheet of the invention, thereby to manufacture a solar cell
back sheet.

Using the solar cell back sheet, the partial discharge
start vecltages (Umax) before and after a wet heat treatment
{allowing a prescribed time to elapse under environment of a
temperature of 121 °C and a humidity 100 %RH) were measured
using a partial discharge tester (model XPD2050) manufactured

by KIKUSUI ELECTRONICS CORP. Lid., according to the partial

discharge test of IEC60664-1. Incidentally, the measurements
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reason, in place of this evaluation, an acceleration test in which a
prescribed time is allowed to elapse under environment of a temperature
of 121 C and a humidity of 100 %RH is performed. Thus, the partial
discharge start voltage is evaluated. In Examples 1 to 4 and Comparative
Example 1, the prescribed time of the acceleration test was set at 50
hours. In Examples 5 to 10 and Comparative Examples 2 and 3, the
prescribed time of the acceleration test was set at 72 hours. Thus,

el Gation s RafriecPsutl (5) bR Sis FRRfbtance RS Was e iRl reof

length_of 100 mm in the longitudinal direction and in a width of 10 mm in
"Afe trahevefsedirection, resulting in a specimen in a strip form. The

specimen was allowed to stand in an envir ent tester set to a

PO SRS T & artia TR S 100 SR Tera Prserbd THRd vt ®

Eh p . € . e t. . ears
b oA Wis e iran B oo e e e e 5

orVas dgtermined. The yalye optained, by dividing the 19 mean.valye bythe

measurement value of the breaking elongation before standing was taken
esgothglreaking:elongation reigatian- (%) Breakingrelengation reteatiansuch

(%) = (breaking elongation after an elapse of prescribed time)/(initial
a hreakingielengatign x10edncidentally, dbisesseptallyrdesiaple to For this

evaluate
reagon, in place of this evaluation, an acceleration test in
which a prescribed time is allowed to elapse under environment
of a temperature of 121 °C and a humidity of 100 %¥RH is performed.
Thus, the partial discharge start veoltage is evaluated.

In Examples 1 to 4 and Comparative Example 1, the
prescribed time of the acceleration test was set at 50 hours.
In Examples 5 to 10 and Comparative Examples 2 and 3, the
prescribed time of the acceleration test was set at 72 hours.
Thus, evaluation was carried ocut.

{5) Bydrolysis resgistance

A film was cut in a length of 100 mm in the longitudinal
direction and in a width of 10 mm in the transverge direction,
resulting in a specimen in a strip form. The specimen was
aliowed to stand in an environment tester set to a temperature
0f 121 °C and & humidity of 100 $RE for a prescribed time. Then,
the specimen was taken out. The breaking elongaticn in the

longitudinal direction was measured 5 timesg, and the mean value

thereof was determined. The value obktained by dividing the
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the hydrolysis resistance after an elapse of 20 years or so with the film as
the solar cell back sheet in outdoor exposure conditions. However, it is
difficult to spend such a long time to perform the outdoor exposure test.
For this reason, in place of this evaluation, an acceleration test in which a
prescribed time is allowed to elapse under environment of a temperature
of 121 C and a humidity of 100 %RH is performed. Thus, the breaking
elongation retention is evaluated. In Examples 1 to 4 and Comparative

MEERANTIGIE, Bl CPfe REBBL TR BEtAE AbfeRtalib tBEFRAS B8 3F 869100

hours. In Examples 5 to 10 and C tive Examples 2 and 3, th |
05 R5 B 81 1 o BIPaton 185 WA CoUAd 72 RBURS. s, Lom

(‘,,gvaluation was carried out. Example 1 85 Parts by weight of dimethyl
“terephthalate and 60 parts by weight of ethylene ethylene glycol were

charggd é%ﬁ;{ﬁ%c@i oL}*?é%Q:QcQﬁ part by weight 91 alcium acetate as a

catalyst. The temperature was increased up to 240 C under a nitrogen

20 atmosghare; This, anssierinteichange reagtion was effgeted, After i pe g

the distillation amount of methanol had reached 90 s or more based on
¢ 1tpe thaqretical-amaunt, there was ithereto,an ethylene glycol

solution adjusted to contain trimethyl phosphate in an amount of 10 wt%

S0 as tmbedranameuyntiof 6.4 8wideiit texmsyofphosphors compeuidiat e

based on the amount of the polymer, and aggregated silicon oxide
thpatigi@switheis resistance after an elapse of 20 years or so
with the film as the sclar cell back sheet in outdoor exposure
conditions. However, it is difficult to spend such a long time
to perform the cutdocr exposure test. For this reason, inplace
of this evaluation, an acceleration test in which a prescribed
time is allowed to elapse under environment of a temperature
of 121 °C and & humidity of 100 %RH is performed. Thus, the
breaking elongation retention is evaluated.

In Examples 1 to 4 and Comparative Examplie 1, the
prescribed time of the acceleration test was set at 50 hours.
In Examples 5 to 10 and Comparative Examples 2 and 3, the
prescribed time of the acceleration test was set at 72 hours.
Thus, evaluation was carried out.

Example 1

85 Parts by weight of dimethyl terephthalate and 60 parts

by weight of ethylene ethylene glycol were charged in a reactor

using 0.08 part by weight of calcium acetate as a catalyst.

The temperature was increased up to 240 °C under a nitrogen

20



an average particle size of 1.5 m in an amount of 350 ppm based on the
amount of the polymer. Then, as a polymerization catalyst, 0.03 part by
weight of diantimony trioxide was added thereto. Then, temperature rising
and pressure reduction were gradually performed according to the
ordinary method. Finally, at the time when a prescribed melt viscosity was
obtained, as a carbodiimide compound, N,N'-dicyclohexylcarbodiimide
(manufactured by Matsumoto Yushi Seiyaku Co. , Ltd, molecular

atfjerpieiss) W&"g‘dadeﬁqr?ﬂ’?ée ArBURTESAGHIE ) a1 CTHEAStRE fifded -
of the reactor was kept at 3. 0 kPa for 10 minutes, and the reaction was

A tede TS ing b B BRI e EC GGG o o
intrinsic viscosity of 0.87 and a meltin pomt of 256 C. This w

O IR RIS oh X AR CSH e T REBt-at S Gt St AT =E

ted 0285C res tin an, undra nf|I hen, the sultln f|ImW
o R e e o T8y

prdf@uiLio 4.2 limes afhlic}&aQthﬁ'} thewidth digection, Thys, the fim was hgat ¢
set” 21 while being shrunk by 3 % along the width direction at 225 C,

o .Fesuiiing ina fils-for sofapeelbbaci-sheetywhatkickaesss AbR0tRe TBRount

hydrolysis resistance (breaking elongation retention) of the film was

ofevaldated Hueher, dprahedime dhe dntrinsic Msqosity and the terminals with
carboxyl group concentration of the polyester composition forming this

anWefe ReasPiat:icle size of 1.5 um in an amount of 350 ppm based

on the amount of the polymer. Then, as a polymerization
catalyst, 0.03 part by weight of diantimony trioxide was added
thereto. Then, temperature rising and pregsure reduction were
gradually performed according to the ordinary methed.
Finally, at the time when a prescribed melt viscosity was
obtained, as a carbediimide compound,
N,N'-dicyclohexylcarbodiimide (manufactured by Matsumoto
Yushi Seiyaku Co., Ltd, molecular weight=206} was added in the
amount shown in Table 1. Then, the inside of the reactor was
kept at 3.0 kPa for 10 minutes, and the reaction was terminated,
regsulting in a polyethvlene terephthalate composition with an
intrinsic viscosity of 0.87 and a melting point of 256 °C. This
was melt-extruded on a rotary cooling drum kept at 20 °C using
an extruder heated tc 285 °C, resulting in an undrawn film.
Then, the resulting film was drawn to 3.8 times at 100 °C in

the longitudinal direction, and then wasg drawn to 4.2 times

at 110 °C in the width direction. Thus, the film was heat set
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Then, using the film, a solar cell back sheet was manufactured. First, as a
water vapor barrier film, there was prepared a water vapor barrier film
manufactured by providing a thin deposited film layer of silicon oxide with
a thickness of 80 nm on one side of a biaxially drawn polyethylene
terephthalate film (manufactured by TEIJIN DUPONT FILMS JAPAN
LIMITED, trade name: Teijin Tetoron NS) with a thickness of 12 m.
Further, as a white film, there was prepared a biaxially drawn
whidlpetrglere wrephthatedil a(rrarfabiired by TEINNODUPONT 225 °C,
FILMS JAPAN LIMITED, trade name: Teijin Tetoron U2) with a thickness
rES50-AT S hiedPweetd Borfde F tGethe? by MARE GtaCaYy Mififatorr b 5515 55

be in the order of white film/water vapaor barrier film/film for solar cell back

OfsheRt ditthe invemtion thereby to ntdutaLanea sdiar Galf Btk SheddEor o1

rfIS 01 e”o*%a%%%h%?ﬁ ihe bartial, 35%8%@? start yaltages peforg and;
affer a wet heat treatment (allowing ours’to elapse under

er@VioRMEntgf A temperatyre, of.1d G and %QEHHW%”&%&Q&“G‘PMW

measured. 22 The measuremient results are shown in Table 1. Example 2

coh dibm forsolarcelkbacl sheet.and asolfeellbackosheet Werey chis were

manufactured in the same manner as in Example 1, except that the
medi@guBof the carbodiimide compound to be added was changed as
shown in Table 1. The measurement results are shown in Table 1.
Then, using the film, a solar cell back sheet was

manufactured. First, as a water vapor barrier film,

there was prepared a water vapor barrier film manufactured by
providing a thin deposited film layer of silicon oxide with
a thickness of 80 nm on one side of a biaxially drawn
polyethylene terephthalate £ilm (manufactured by TEIJIN
DUPONT FILMS JAPAN LIMITED, trade name: Teijin Tetoron NS) with
a thickness of 12 um. Further, as a white film, there was
prepared a biaxially drawn polyethylene terephthalate film
(manufactured by TEIJIN DUPONT FILMS JAPAN LIMITED, trade name:
Teiijin Tetoron U2) with a thickness of 50 um. These were bonded
together by mans of a dry laminator so as to be in the order
of white film/water vapor barrier film/film for solar cell back
sheet of the invention, thereby to manufacture a solar cell
back sheet. For the solar cell back sheet, the partial
discharge start voltages before and after a wet heat treatment

{zallowing 50 hours to elapse under environment of a temperature

of 121 °C and a humidity 100 %RH} were measured.

22



Example 3 Using a biaxial knead-extruder NEXT-60 manufactured by
Kobe Steel Ltd., polyethylene terephthalate FK-OM manufactured by
Teijin Fibers Limited, and, as a carbodiimide compound,
N,N'-dicyclohexylcarbodiimide (manufactured by Matsumoto Yushi
Seiyaku Co. , Ltd, molecular weight=206) were fed so as to achieve a
weight ratio of 100:5. The mixture was melt-kneaded, and was extruded
at a speed of 120 kg/h, resulting in a polyethylene terephthalate
compd$ifiof dAth HFERETHSIC $i5EbsRy BF 688N AYIM fBr Selat eell back
sheet and a solar cell back sheet were manufactured using this
compS&iA8R irE te same manner as in Example 1. The measurement
results are .shown in Table 1. Comparative Example 1 A film for solar cell
back émefelt]aﬂ%dfé’%o%‘?%c%ﬁ BatK “sest wélsTisnafatudtedan e SEme L2k
manner as in Example 1, except that a carbodiimide compound was nat

e o pO ASEr THE Theasrenert TS I Ar Showh i TABE 1025 1

e Engrgﬁ%ég t&%g%ﬁ%%ﬁ%'@”&“‘crﬁg@Q@B&edﬁ%'ﬂ%%i“@@m AANGAID 1o 2dded

e 1 was further subjected to solid phase polymerization under

wahvirpnment of & temperature-gh230 £ angra.degres ol yacumaf i3 ¢ are

mmHg for 24 hours, resulting in a polyethylene terephthalate composition
« Nl andntrigsiceviscosity of 1. 12. A film for solar cell back sheet and a
solar cell back sheet
Example 3

Using a biaxial knead-extruder NEXT-60 manufactured by
Koke Steel Ltd., polyethylene terephthalate FK-0OM
manufactured by Teijin Fiberg Limited, and, az a carbodiimide
compound, N,N'-dicyclcohexyicarbodiimide (manufactured by
Matsumoto Yusghi Seivyvaku Co., Ltd, molecular welght=206} were
fed 80 as to achieve a weight ratio of 100:5. The mixture was
melt-kneaded, and was extruded at a speed of 120 kg/h, resulting
in a polyethylene tervephthalate compogition with an intrinsic
vigcosity of 0.86. A film for solar cell back sheet and a solar
cell back sheet were manufactured using this composition in
the same manner as in Example 1. The measurement regults are
shown in Table 1.

Comparative Example 1

A film for solaxr cell back sheet and a golar cell back
sheet were manufactured in the same manner ag in Example 1,
except that a carbodiimide compound was not added to a polyester.

The measurement results are shown in Table 1.
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were manufactured in the same manner as in Example 1, except that this

composition was used as the polyester composition of raw material for
the film. The measurement results are shown in Table 1. Table 1 Raw
material composition Film characteristics Composition characteristics

Partial discharge start voltage Hydrolysis resistance Polyester

Carbodiimide Terminal Before After Breaking compound Intrinsic carboxyl
acceleration acceleration elongation viscosity group test (before wet test
(after WetTE®EAtIGN concentration heat treatment heat treatment Parts by
Parts bg@dl/g eqg/T V V. % weight weight Ex.1 100 3 0.72 9 1103 1069 82

EX.2 166 P64 YIS 06T 7P EX 31668 G 78RPTI85 20568 BxeA 1
1003 1.0151112 1076 92 np .Ex.1 100 00.65 37 1109 32343 ,
S 1o SR P T et S BB RN A S Sl By Lom

in a reactor usir&a

oGP B i, A BIPAY & GVt 24 Thedeipord

0.08
e of

vaigﬁrﬁﬁlsgg Lép%o %ﬁﬁ%& querzﬁ rlj{[&%, regulting in a polyethylene

terephthalate compogition with an intringic viscogityof 1.12.

A film for solar cell back sheet and a solar cell back sheet

were manufactured in the same manner as in Example 1, except

that this composition was used as the polyester composgsition

of raw material for the £ilm.

The measurement results are shown in Table 1.

Table 1
Raw material composition Film characteristics
Composition characteristics Partial discharge start voltage qurolysm
resistance
Carbodiimide Terminal Before After ,
Polyest g i
oiyester compound intrinsic carboxyl acceleraticn acceleration Breakmg
e elongation
viscosity group test (before wet | test (after wet retention
concenfration | heat freaiment} | heat freatment)
Parts by Parts by o
weight weight dig eoft v v &
Ex. 1 100 3 0.72 a 1103 1069 82
EX. 2 100 1 0.6% 14 1098 1061 76
Ex. 3 100 5 0.73 9 1085 1050 89
Ex. 4 100 3 1.01 5 112 1076 92
Comp. Ex. 1 100 0 0.65 37 1109 323 43
Example 5

85 Parts by welght of dimethyl terephthalate and 60 parte

by weight of ethylene ethylene glycol were charged in a reactor

using .08 part by weight of calcium acetate as a catalyst.
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atmosphere. Thus, an ester interchange reaction was effected. After the
distillation amount of methanol had reached 90 % or more based on the
theoretical amount, there was added thereto an ethylene glycol solution
adjusted to contain trimethyl phosphate in an amount of 10 wt-06 so as to
be in an amount of 0.18 wt% in terms of phosphorus compound based on
the amount of the polymer, and aggregated silicon oxide particles with an
average particle size of 1.5 m in an amount of 350 ppm based on the
ThambaRpsiths WoRyriers TheAr &g agpblyefizatioh0 catalystio 03Fpart byogen
weight of diantimony trioxide was added thereto. Then, temperature rising
2ARFRIssEhire redtitfiot W&t Gradtaii c&otied SRESTHiY 6 thet fected.

mg&hod. Fi at the time when a gresc&ibed EEFEIt vi%:ogtg was _

rdinar; nally
BTG ROl Ab EARBA R BRRHo0 e (U5 BaaTIoH: LAY MR iRased ©

2 Nisstinbo Indysties ng. Imolegular,eioh 6000 calbadiiile, Lpcreco

equivalent= g/mol) was added in the amount shown in Ta en,

arig inRide pLthgroagior was keptat 3.9:kka for 10 mipues,and ey pe cny1

reaction was términated, resulting in a polyethylene terephthalate

phesinpasition With-an intipsic viscosity,0£ 087 ard adnghingn peint0i29at of
C. This was melt-extruded on a rotary cooling drum kept at 20 C using an

o .exryder haated +&286 iC presulting rin-an gngeaywiifilna. st ihe Hesulingn «
film was drawn to 3.8 times at 100 C in the longitudinal direction, and
ofthehavas Powdrawreiod .4 dimresszattEH) €iin thewidth idirectienc s ¢herith
an average particle size of 1.5 pum in an amount of 350 ppm based
on the amount of the polymer. Then, as a polymerization
catalyst, 0.03 part by weight of diantimony trioxide was added
thereto. Then, temperature rising and pressure reduction were
gradually performed according tc the ordinary method.
Finally, at the time when a prescribed melt viscosity was
cbtained, as a carbodiimide compound, Carbodilight LA-1
(manufactured by Nigshinbo Industries Inc, molecular
welght=6000, carbodiimide equivalent=247 g/mol) was added in
the amount shown in Table 1. Then, the inside of the reactor
was kept at 3.0 kPa for 10 minutes, and the reaction was
terminated, =resulting in a polyvethylene terephthalate
composition with an intrinsic viscosity of ¢.87 and a melting
point of 255 °C. This was melt-extruded on a rotary cooling
drum kept at 20 °C using an extruder heated to 285 °C, resulting

in an undrawn £ilm. Then, the resulting film was drawn to 3.8

times at 100 °C in the longitudinal direction, and then was
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film was heat set while being shrunk by 3 o along the width direction at

225 C, resulting in a film for solar cell back sheet with a thickness of 50

m. Using the resulting film for solar cell back sheet, a solar cell back

sheet was manufactured in the same manner as in Example 1. For the

solar cell back sheet, the partial discharge start voltages before and after

a wet heat treatment (allowing 72 hours to elapse under environment of a

temperature of 121 C and a humidity 100 %RH) were measured. The
drpwastrerheAt FEstite afe SROWITIA Tdble 2v iBkdnmple 6 At filpnfor SBlascelthe

back sheet and a solar cell back sheet were manufactured.in the same

F MG A R ARl T eRcalt TR (B AMSuNOF ihé cArdifimide wideth

compound to be added was changed as shown in Table 2. The
dikEadurBett réSuits Gre THOWHHFALIE 2 EXhiibld FXA FRh3Sr S61aF cBRC*

back sheet and %ﬁ %r cell back sheet were manufactured in the same

Shfﬁgrrrné?la in%Exz 558k ce t that tk compound used as the
carbodiimide compound was changed te Garbgdlight HMV-BCV. cheer o

(manufactured by Nisshinbo Iridustries Inc., molecular weight=3000,

scCasbodiimide, gguivalentt2(8 g/moh-J; f‘@c@ﬁ@%@e@ﬁ@}{@%%@r%%ﬁ‘é@ as
in Table 2. 26 Example 8

in Example 1. For the solar cell back sheet, the partial
discharge start voltages before and after a wet heat treatment
(allowing 72 hours to elapse under environment of a temperature
of 121 °C and a humidity 10C %RH) were measgured.

The measurement results are shown in Table 2.

Example 6

A film for solar cell back sheet and a solar cell back
sheet were manufactured in the same manner as in Example 5,
except that the amount of the carbodiimide compound to be added
wag changed as shown in Table 2. The measurement results are
shownn in Table 2.

Example 7

A film for solar cell back sheet and a solar cell back
sheet were manufactured in the same manner as in Example 5,
except that the compound used as the carbodiimide compound was

changed to Carbodilight HMV-8CV (manufactured by Nisshinbo

Industries Inc., molecular weight=3000, carbodiimide
egquivalent=278 g/mol) . The meagurement resulte are ghown in
Table 2.
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A film for solar cell back sheet and a solar cell back sheet were
manufactured in the same manner as in Example 5, except that the
compound used as the carbodiimide compound was changed to Stabaxol
P200 (manufactured by Rhein Chemie Japan, Ltd., molecular
weight=40000, carbodiimide equivalent=330 g/mol). The measurement
results are shown in Table 2. Comparative Example 2 A film for solar cell
back sheet and a solar cell back sheet were manufactured in the same
mann&FadmlExdmple 5, except that a carbodiimide compound was not
added. The measurement results are shown in Table 2. Comparative
Examplet3 RilhPloridia celfoack g e oSk s8if cail BACR fsiset b Pack
were manufactured in the same manner as in Example 5, except that as
SheE L b8 ahimi e BOhPSHA S GiiddbropyicEmY ii%?&&%ﬁaﬁﬁfa%:ﬁjreéf%“;}p e 2

Toyo Che icEI!lIndustr Co., Ltd.).was %ed.Th%m asur%menéresul a
exé:r%yp gh%]\l/jv%n aeblceoﬁl.pﬁﬁuen %vl\} Fr’ne())c}e%ﬁlz:\ér v(\a/e?g%ﬁ rgsu]ltlerallnevglart[1 |?z¥tlon wes

ch%qgg\é%?%r?z%%%%? mostpart thereof dyring, polymerizationand, Jagan,

uring melt-extrusion. As a result, the addition efféct was low. Example

r.dsing abiaxial kneadrextrudenNEXd 60 mandfactured by Labsatesht =330
Ltd., polyethylene terephthalate FK-OM 27 manufactured by Teijin Fibers

g fHimited, angeamaLarbediviideresults are shown in Table 2.

Comparative Example 2

A film for solar cell back sheet and a solar cell back
sheet were manufactured in the same manner as in Example 5,
except that a carbodiimide compound was not added. The
measurement results are shown in Table 2.

Comparative Example 3

A film for solar cell back sheet and a solar cell back
sheet were manufactured in the same manner as in Example 5,
except that as a carbodiimide compound,
diisopropylcarbodiimide (manufactured by Toyo Chemical
Industry Co., Ltd.) was used. The measurement resultg are
shown in Table 2. The low molecular weight resulted in
volatilization and vaporization of the most part thereof during
polymerization and during melt-extrusion. As a result, the
addition effect was low.

Example 2

Using a biaxial knead-extruder NEXT-60 manufactured by

Kobe Steel Ltd., polyethylene terephthalate FK-0OM
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compound, Carbodilight LA-1 were fed in amounts shown in Table 2. The

mixture was melt-kneaded, and was extruded at a speed of 120 kg/h,

resulting in a polyethylene terephthalate composition with an intrinsic

viscosity of 0.86. A film for solar cell back sheet and a solar cell back

sheet were manufactured in the same manner as in Example 5, except

that this composition was used as a raw material for the film. The

measurement results are shown in Table 2. Example 10 The polyethylene
maBHHITAIER M PR b o Bthitfscin- Exahfiffe SWds fafther fy-de

solid phase polymerization under environment of a temperature of 230 C
CHRPA IR gréE BPFATLLA ST 6%’&16"(%%?% RO PB NG 10 Table

thylene terephthalat compos with an |ntr|nS|c VIS sity of 1. 0

Af%r%efor %gl%}lcgll%ack eleet aﬁ HSotar i lek sheet v Weré ot 3
ctyred in the sam manner as in xcept

H erepﬁei“lalﬂlate in. a v%(giu? E}%(F? EEEP E@%Ie Brhalate

polyet yle position measurement

dfSUlLs areshown in lﬁb!ﬁq%z%%l%'%&% rigd compositian Fli, £y

characterlstlcs Composition characteristics 1 Parfial discharge start

sooitage-Hydrokysisy resistance Sqarbediimide, Terginal Bgfore Alle et were
Polyester Breaking compound Intrinsic carboxyl acceleration acceleration

ms2lofgalioired in the same manner as in Example 5, except that

speed

this compogition was used as a raw material for the f£film. The
measurement results are shown in Table 2.

Example 10

The polyethylene terephthalate composition obtained in
Example 5 wag further subjected to solid phase polymerization
under environment of a temperature of 230 °C and a degree of
vacuum of 0.5 mmHg for 24 hours, resulting in a polyethylene
terephthalate composition with an intrinsic viscosity of 1.02.
A film for solar cell back gheet and a solar cell back sheet
were manufactured in the same manner as in Example 5, except
that the polyethylene terephthalate compogiticon was used. The

measurement results are shown in Table 2.
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viscosity group test (before wet test (after wet retention concentration
heat treatment) heat treatment Parts by Parts by dl/g eq/T V V % weight
weight Ex.5 100 30.73 91109 1077 84 EX. 6 100 1 0.70 15 1097 1060
78 Ex.710030.74 8 1116 1079 81 Ex.8 1003 0.757 1120 1075 82 Ex.
910050.76 81128 1081 88 Ex.10 100 3 1.02 3 1145 1096 94 Comp.
Ex. 21000 0.64 36 1113 33241 Comp. Ex. 3100L 1 0.63 32 1103 504
55 INDUSTRIAL APPLICABILITY The film for solar cell back sheet of the
TaptéSert invention can be preferably used as a solar cell back sheet. 29

Ci_lAiMme;q n(-\euér&mgsﬁgllar cellback sheet commﬁggggegs@gamauy oriented
olyes 'DTTEHTEVd_CpTﬁYQSTEI"ﬁIIm comprisin t -
gorﬁposmon containing 100 BBy "W em}iﬁsm 3(51 gtéfrg 23 Y’fig 0 Lgii?;ﬁz
parts byrasaight GEACbodiide domBBlid. beiféifxed therf.2. TMaasn
film for, solar cell back s eet, gg;,ggrdlng gﬁialm teit yg%,@g@ tRE (ater wet | SlONgaLON
carbodiimide compound is a carbodiimideaon p@um@mha)v n@aa;mbemulé‘?}e“tm
V\{e?ght o?\%?}?ta 1%3\ 0. 3. Thg film forgelar gell bagk sheet acgording toe,
25 100 3 0.73 9 1109 1077 84
EX. 6 100 1 0.70 15 1007 1060 78
Ex.7 100 3 0.74 8 1116 1079 81
Ex. 8 100 3 075 7 1120 1075 82
Ex. 9 100 5 0.76 8 1428 1081 88
Ex. 10 100 3 102 3 1445 1096 04
Comp.Ex.2 | 100 0 0.64 36 1113 332 y
Comp.Ex.3 | 100 1 063 32 1103 504 55

INDUSTRIAL APPLICABILITY

The film for solar cell back sheet of the present

invention can be preferakbly used as a zolar cell back sheet.
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1, wherein the carbodiimide compound is a carbodiimide compound
having a molecular weight of 200 to 1000, and the breaking elongation
retention after an elapse of 50 hours under environment of a temperature
of 121 C and a humidity of 100 %RH is 50 % or more. 4. The film for solar
cell back sheet according to claim 1, wherein the carbodiimide compound
is a carbodiimide compound having a molecular weight of 2000 to
100000, and the breaking elongation retention after an elapse of 72 hours
under environment of a temperatfe®d 21 C and a humidity of 100 %RH
is 50 % or more. 5. A solar cell back sheet comprising the film for solar

cell back RHec Bd@Fdiy f oy of BaMisST &F#, §8TPT2s1ing a biaxially

oriented pclyester £ilm, the biaxially oriented polyester film
comprising a polyester composition containing 100 parts by
weight of a polyester and 0.1 to 10 parts by weight of a
carbodiimide compound, being mixed therein.

2. The film for golar cell back sheet according to claim
1, wherein the carbodiimide compound is a carbodiimide compound
having a molecular weight of 200 to 100000.

3. The £film for solar cell back sheet according to claim
1, wherein the carbodiimide compound ig a carbodiimide compound
having a molecular weight of 200 to 1000, and the breaking
elongation retenticn after an elapse of 50 hours under
environment of a temperature of 121 °C and a humidity of 100 %RH
is 50 % or more.

4. The film for solar cell back sheet according to claim
1, wherein the carbodiimide compound is a carbodiimide compound
having a molecular weight of 2000 to 100000, and the breaking
elongation retention after an elapse of 72 hours under
environment of a temperature of 121 °C and a humidity of 100 %RH
is 50 % or more.

5. A solar cell back sheet comprising the film for solar

cell back sheet according to any of claimsg 1 to 4.
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