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 between a glass substrate on the light-receptive side and a
protective film on the back surface side, andrasgsealing sesin is filled in the internal gap therebetween.
As a sheet-like member to be used as the protective a fluorine resin film is known, but is expensive. In
recent 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 A solar
cell back sheet is a structural mEHﬁ%I%SFpFS%%%an’E%o@@e%Mng element from the backside,

and may be applied with a high voltage. When a voltage is applied thereon, so that partial discharge

through the back sheet occurs, the deterioration of the back sheet proceeds. When the partial

discharge starmoitagecamrberkept 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 voltagéhigiresena |sngapdricm relatieaf objetl dfithepreséntiniidntion to provide a

film for solar cell back sheet which_can ke(;? the partial discharge start voltage high over a long period,
n

and further is 83E8IERER hydronsls Pesidt&itce =5 ter -

BACKGROUND ART

Aphotovoltaic power generation system has come into wide
uge as cne of power generating means using clean energy. The
solar cell panel for use in the photoveoltaic power generatlion
system generally assumes, for example, asg described in
JP-UM-A-6-38264, a structure inwhicha plurality of plate-like
solary cell elements are interposed between a glass substrate
on the light-receptive side and a protective film on the back
surface side, and a sealing resin ig filled in the Internal
gap therebetween.

As a sheet-like member to be used as the protective £1ilm,
a fluorine resin £ilm is known, but is expensive, In recent
vears, use of a monelayer filmor amultilayer £ilmof polyester

film has been under study.

DISCLOBURE OF THE INVENTION

PROBLEMS THAT THE INVENTION IS 70 S0OLVE



MEANS FOR SOLVING THE PROBLEMS Namely, the present invention provides a film for solar
cellbacksheer_ 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. SUMMARY In an aspect, there is
provided a film for solar cell back sheet comprising a biaxially oriented polyester film, the biaxially
oriented polyester film comprising a polyester composition containing 100 parts by weight of a
polyester and 0.1 to 19 pafts:bycweightzofia earbodiinzide compeoundsbemg:miied tierein, wherein the
carbodiimide compound is a carbodiimide compound having a number-average molecular weight of
2000 to 100008 ArRFhe BréakMtFa| ST Fstentiofrsidr anBlapie SPPEfins wider environment
of a temperature 0%1210(‘1 ang a I‘LLi_\mld]!_L)‘( q{lO?%RH is O % or more. In anather, aspect, there is
provided a solar tell back sheet comprlsm% he film Tor solar ceﬁ bac ?ﬁee%sésaﬁg neg above.

ADVANTAGE QE BHE INVENTIQN I8, accordance Mithythe. present invention, it is;passible to provide
a film for solar cell back sheet which can keep the partial discharge start voltage high over a long

period, and furhenissextékenrtandrydrobysisresistarice. BESTeMEGDEEOR &ARRYING OUT THE
INVENTION Below, the present invention will be described in detai

themartlaldischarges art voltage can be kept high, the useful

life of the sclar cell can be elongated. However, with a

conventional polyester film for solar cell back sheei, it has

been difficult to keep the partial discharge start voltage high

over a long period.

It is an object cof the present invention to provide &
fiim for solar cell back sheet which can keep the partial

discharge start voltage high over a long periocd, and further

is excellent in hydreolysis resistance.

MEANS FOR SOLVING THE PROBLEMS

Namaly, 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
polyegter compogition including 100 parts by weight of a
polyester and 0.1 tTo 10 parts by weight of a carbodiimide

compound, being mixed therein.



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 but an
undragﬁvﬁul% 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 IventioreisEectMpoditae obtaineddyidett-nsixifg Brpdyestercdimdra cafbbdlimide

comp nd j a Ccomposit ining. jon ct farme elt-mixing
there(%?l%%@Thgglrrﬁﬁﬁr{g%%\?%cogﬁy opfg')[%ég%%ltye er é%grﬁ%gg%cc?n (rﬁé(aigt%é%ugngf gnmg]r'thor(]:’]h (%rophenol
solvefti@ziehiperatoriciB3® Q) isppdfeeatily 0.65 %6 1120 diemand i particdlar prefeystsiy9;70 to
1.10 i ipderms ghthe yaluesehtained dy measuring the,flmgs.a samnle. Aintrinsic visgosity falling
within this'range can provide a film“excellent'in mechanical characteristics and hydrolysis resistance.

Then, %ok th&polyestePabiosition VB Emifdl carbosgr§rstbldtiéentepioaditte podfEster is
prefergbly-3to 25:60/L further prgferably 3 to 20 eg/l, apdipparticylar prefarablyto 19£d/Tin terms

of the value obtained by measuring the film as a sample. A tei Final carboxyl group concentration
fallingRrRAdHIsRaRge GaTn RS efentIARRIFoIF¥I8 TesiStafce &4 high prEdettivity.

Polyegler 200 4s aPolyestrref thapolyestencomposiiondeupingdhefim-for splar Gell baek sheet of
the invention, there is used a polyester including an aromatic dicarboxylic acid component and a diol

comp@flenE 12Psks Hdmdifc dRATESKy R ASds, fieVd EanberéxeMblifidd (eREIRAATICEE&d —Rbphthalic

acid, 2,6srabhibalegedigarioxylic agidi and 4pdd-diphepyldicarbaxhe acid. As diol components, there
can be exemflified eth}r/llene glycol, 1,4-butanediol, 1,4-cyclohexanedimethanol, and 1,6-hexanediol.
n another aspect, there 1is provided a golar cell back
gheet comprising the film for solar cell back sheet as defined

above.

ADVANTAGE OF THEE INVENTION

In accordance with the present invention, it is possible

2a



As polyesters, preferred are polyethylene tereptithalate and
polyethylene-2,6-naphthalenedicarboxylate. These polyesters maybe copolymerized polyesters. In this
case, the amount of the copolymerizable components is preferably up to 20 mol% at most. Further,
other components may be blended therein so long as the contents thereof are within such a range as
not to pose a problem in terms of mechanical characteristics and productivity. Carbodiimide compound
The polyester composition forming the film for solar cell back sheet of the invention is a composition
obtained by melt-prxiga polyester and:alcarbosiimicse-gompeundhant isgpreferablyha composition
containing a reaction product formed by melt-mixing thereof. The composition can be obtained in
the following rianér la Earboafinié corpEaREas tixedirr Ef amot DT T 1690 Pafts by weight,
preferably 0.3 to 7 parts by wei qttl and furtl'her J:[e)ffgrabi\xlo.sto g)ag%rts by weight per 100 parts by
weight of a poly&star and the mixiure is melt-kneadsd. Wheh the carbodiimide compound is in an
amount of less than 0.1 wt%, sufficient 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 favorsisie hyarely=i® registarcecannotrbe obtaiedioN  Intheinvention, the carbodiimide
compound is a compound having at least one carbodiimide group in the molecule. As the carbodiimide
compounds, for exanipté Cfon&E&rbBaRFTAIE aridt peljcaBodiimitie *an Bestédd s
monocarbodiirgi %si,for example, there can be exemplifiedN,N1-diphenylcarbodii

N,N'-diisopropy'iep enﬁéarbodiimide, N,N'-dicyclohexylcarbodiimide, 1,3-diisopropylcarbodiimide, and
1-(3-dimethylaminoprepyd)-3-ethylcarbodiimide. Out of these,N,N'-diphenylcarbodiimideand
N,N,-diisopropylphenylcarbodiimide are preferable, and N,N'-diphenylcarbodiimide is n particular
preferable. When moroc¢aiodiimides. are esed, they maypde asethsinglyrorthey maybe used in

combination of two or more thereof. In any case, N,N'A-diphenglcarbo‘diimidear]d/or
hiaxially oriented polyester film. v being a biaxially

oriented polyester film, the film can acguire a necessary and
gufficient mechanical strength as the £ilm for sclar cell back
sheet. Whan the £ilm is not a biaxially oriented polyester
film, but an undrawn film or a uniaxially oriented f£ilm, the
strength as the £ilm for solar cell back sheet is insufficient.

Polyester composition

The polyester composition forming the £ilm for solar call
back sheet of the inventlon 1 a composition cbtained by
melt-mixing a polyester and a carbodiimider compound, and is
preferably a composition containing a reaction product formed
by melt-mixing thereof.

The intrinsic viscosity of the polvester composition
{measured using an crthochlorophencl 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 cbtained



N,N'-diisopropylphenylcarbodiimide preferably accounts for 50 to 100 wt% based on the total amount

of monocarhodiimides. As polycarbodiimide, for example, there can be used a polymer obtained
by polymerizing a carbodiimide compound. Specifically,
poly(1,3,5-triiscpropylphenylene-2,4-carbodiimide) can be exemplified. From the viewpoints of

obtaining a favorable dispersibility during production of a polyester composition, and preventing the
carbodiimide compound from volatilizing and vaporizing during film production, it is preferable to use a
carbodiimide egmpessd:-Nayvingenuriber-averagespoleculanweight:ef:2Q0 16 400000y and it is further
preferable to use a carbodiimide compound having a number-average molecular weight of 200 to
50000. Fromthesviewpolm ofrdispersiag tiiecailiotidde eofipaurkaithizparticularly favorable
dispersibility in the polyester composition, a carbodiimide compound having a number-average

molecular weilJRt6F206%b 60 7€ preferanfe® Firthet? romt five Sidwsomt ot Minimizing volatilization
and vaporization of thg,carbogiipide;compound. during. film, predugtion, and from.the, yiewpoint of

keeping the partial discharge start voltage and the hydrolysis resistance of the film high over a longer
period, a carbeditmics Comparndhaving ssrumbesfaverage-mplecar weight o0& 2000-t0 100000 is
preferable. The polycarbodiimide for use as the carbodiimide compound having a number-average
molecular weigHtof 2080 o 10000015 2SS eistAbtitéd- 824 GSMimersial Product 8Rdds commercially
available. The pol¥ggg§%diimide can alsgos};)re s}/nthesized t l:% used. When polycarbodiimide is

i ie Ea
synthesized tg be iset, it can bé s@%tﬁ‘3 ized With 4 Conimon yewgﬁkﬁwanbmaeTﬁg . For example,

synthesis thergof can e, cafried-out in.the.following magnec. lising;an, Q%%Q%ihmus compound
or an organometallic compound as a catalyst, various polyisocyanates are subjected to a
decarboxylatiancoadensation réattiongvithautisolvéntzorangse can provide a film

excellent in hydrolysis resistance at a high preoductivity.

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 diocl component,

Ag aromatic dicarboxylic acids, there can be exemplified
terephthalic acid, igcphthalic acid,
Z,6-naphthalenedicarboxylic acid, and
4,4 -diphenyidicarboxylic acid. As diol components, thexe
can be exemplified ethylens glveel, 1l,4-butanediol,
1,4-cyclohexanedimethancl, and 1,6-hexanediol.

Ag polyesters, preferred are polyethylene terephthalate
and pelyvethylene-2, 6-naphthalenedicarboxylate. These
polyesters may be copolymerized polyesters. Inthis case, the

amount of the copolymerizable components i1s preferably up to



in an inert solvent at a temperature of about 70 C or more. In US Pat. No. 2941956, JP-B-47-33279, J.
Org. Chem. 28, 2069-2075 (1963), and Chemical Review 1981, Vol. 81, No. 4, p619-621, there are
disclosed production methods of polycarbodiimide. Production thereof can also be carried out with the
production methods described therein. Polycarbodiimide can also be obtained by, for example,
polymerizing an organic diisocvanate.As organic diisocyanates, for example, aliphatic diisocyanates,
alicyclic diisocyanates , and aromatic diisocyanates can be used. These may be used in mixture.
Specifically, therexears beexersplifiedhexamethylere disagyanates may be blended
cyclohexane-1,4-diisocyanate,isophoronediisocyanate, dicyclohexylmethane-4,4'-diisocyanate,and
methylcyclohéxXeriedlisbeyaiaiers the\iaH FBlyearbammiders syhthesizeaByPa polferization
reaction, control to an ap rogriate %%I];_/meqrizatiorgn g%%ree can be aghi%\é%d by_stopping the

polymerizatioft FékRtior Falfvay. Hh this Cate, isotyanals s At the terminal 1n order to stop the

polymerization seactiojhalfway, for example, it is essential only that the reaction system is cooled. In
order to achieve control to an appropriate polymerization degree, all of or a part of remaining terminal
isocyanates may be llecked usiiga compound reacting with the terminal isocyanate of
polycarbodiimide as a terminal blocking agent. As the terminal blocking agent, for example,
monoisocyanate can PeciRetl SPetiically Cthere Tah BE ERErhpRfiet - Pty PRogydifate, tolyl
isocyanate, dimethylphenyl ispeyanate, cyclonexyl isocyanate, and bytyl isocyanate, ,

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

preferably a composition containing a reacticn product formed

by melt-mixing thereof.

The composition can be obtained in the following manner:

a carbodiimide compound 1s mixed in an amount of 0.1 to 10 parte

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 polvester; and the mixture is melt-kneaded. When the

carbodiimide compound is in an amount of less than .1 wt%,

sufficient hydrelysis 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 faverable hydrolysis resistance cannot be obtained.

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

polycarbodiimide can be used.

As monccarbodlimides, for example, there can be



Hydrolysis resistance The film for solar cell back sheet of the invention has a hydrolysis resistance
preferably such that the breaking elongation retention after an elapse of 50 hours under environment
of a temperature of 121C and a humidity of 100 %RH is 50 or more, and further preferably such that
the breaking 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 Hptxealisticor this reason, in the inventiam, the destigisihstiytedwild, an acceleration
test for measuring the elongation retention in an aging treatment in which SO hours or 72 hours is
allowed to elapis¥ 'uridersemvicanmeheof acermeeratmielof 121¢c anda humidity of 100 %R.H. When
the film for solar cell back sheet of the invention uses, as a carbodiimide compound, a relatively low

molecular-wefght CartiGaimRRe SErEbRfhaTTFa AumberaVaragRYhoTediar wight of 200 to 1000,
the film preferaply Ras a_hydrolysis 16sigtance,sueh that the reaking glangation fetegtion after an

elapse of 50 hours under environment of a temperature of 121 C and a humidity of 100 %RH is 50 %
or more. Futher, when the film fonsolas sell backssheet:afthednvention uses, asa carbodiimide
compound, a relatively high molecular-weight carbodiimide compound having a number-average
molecular weijht' bf 2008t TE00TGsthe filpy preferabehassa ydralfsis fésistance®tieh that the
breaking elon%ation retention after an elapse of 72 hours und%r enviro mel S__Of at }r;nperature of 121 C

and a humidity’ o 100 55044 €O 38 or Mots. Additvs” =+ h teiATERGSH i order to impart the
slipperiness tq, the.resulfing film-and makeghandiing favarable, adubricanis preferably,added to the

polyester composition forming the film. In the invention, to the polyester composition forming the
film, there maybe addes-ather additives: suehodscpigment, dy e, reirfofcingragent, diles, heat resistance
improver, antioxidant, plasticizer, weather resistance improver, lubricant, mold release agent,
nucleating ag@ht floWabirsvafsserdmi-dtatic agent, stabilizer, cross -linking &éfft *terminal

blocking agent, and malecular ch]frl(i) extender sa lang as the si%al ro ertiescof tthe resulting film
are not impair]éfc‘zl(’?‘%lPF(EJ}chﬁ“(s:q’t(l3 1 MEtho enﬁ%re%ﬁgﬁ/leré%é?recéjnrwéoég%%n"n‘ftﬁgﬁﬁ\%ntslon %an also be

produced withzg method inwhich-a gashodiimide-campeung is Kngaded ita aipglyester as in the
related art. However, production is preferably carried out with a method in which a carbodiimide

compound is directly addpditedaerpalycondensdtion #gavtidr systemeofcapobgesteedneidentally, when
the kneading method is used, the following procedure is preferable. First, a master chip including a

carbodiimide GSthpBERd Aefeed FéréH B EBfRcarttafor of 26620 SRR *rhis is mixed

with an additivse-tre,e ﬁoolgﬁter chip, and the mixture is melt-kneaded so as to achieve a desirable
e . eCIl1 Y, . . . .
carbodiimide céjmpouna corcentration for use in manufacturing of a film.
' poly(1l,3,5-triisopropylphenylene~2,4~carbodiimide} can be

exemplified.

From the viewpoints of cobtalining a faverable
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 & number-average molecular
weight of 200 to 100000, and it is further preferable to use
a carbodilmides compound having a number-average molecular

weight of 200 to 50000.



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 added to
the polycondensation reaction system of a polyester, deterioration due to 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 polycondensarion
reaction because thehigat histery appliedte-the,earbodjiide ggmpaund.canhe reliexed. Alternatively,
the following is preferable because dispersion of the carbodiimide compound can be suppressed: the
polycondensationcreaction:inclades & fist step pfigerfoabitg deaprtion; dnid-making:the state closer
to vacuum; and a second step of stopping deaeration, and holding the state close to vacuum, and thus

not performing ee4eF48N, FIPIMSTrHEF N the SECOMTSIED: e CAMBUTMMdSR8MISoufid is added. By
adopting this method, it s possible to supnress; dispersion of the, garbadiimide corpound in, for
example, the l?neagl'hg step or the pofycondens tion reaction step. For this reason, suppression of
evaporation apdvaporization.does natrasplire use af a;carbedimide compednddiaving an excessively
large molecular weight. This can suppress the adverse effects caused by decomposition of the
carbodiimide ceppolndtitself dué totise of arémbodiintide compound hawWngran ekeéssively large
molecular weight, and reduction_of the dispersibility of the carbodiimide compound. Incidentally,

polyester itsePEARHE producEPuding™ ESfventoRaR kndwn #&RODY PrEGUETST ¢ah be carried out
with a melt polymeyization.method such as anester interchange methed ar.a.direet gsterification
method, or a solution polymerization method. As the ester interchange catalysts, there can be used,
for example, compoungs ef-s1aa0pReses eehdltzing, ditansdn ; and<LaleiptuAs the esterif
cationcatalysts, there can be used, for example, compounds of manganese, cobalt, zinc, titanium, and
calcium. As the polysetitersation: catabstsliera’edn e BB, 0P exdifiplé®8ftpodiAds of
germanium, antimony, tin, and titanium. The film for solar cell back sheet of the invention can be
obtained in th& TSGR fanner. A polyester composition to which a carbodiimide compound has
been previously addegis melrextruded jn . film fopm. Alternafively, 4 palyesiss compasition to which a
carbodiimide compound has been added to a high concentration is used as a master chip, and this
and an additivesfree potyastetchip arennied, and meltkneadsd: The sesubifgmelt-kneadedmixture
is melt-extruded into a film form. Further alternatively, at the inlet feed portion of the extruder for
melt-kneading? 8964 otiinfid 8 THFFCEAR TS Bt Ry AdtRUPARE t8d iR aPEwher Btfiglfd state to a
polyester chip, followed by melt-kneading. Theresultingmelt-extruded.product is cooled and solidified
in a casting dra%%mr%rsﬁﬁ?nygl% an %ﬁﬁ%v@% 'filme{rbl’he%?%g %ﬁ%?é&vﬁ”ﬁ?n%iscgr%w%gf Tg% fo (Tg+60) Cin
the longitudinal direction-ane tine orfweo0r more times to a total draw ratio of 3 times to 6 times. Then,
the film is drawn at Tg to +60) 00 in the width direction toa draw ratio of 3 to5 times. If required, the film
is further subjected toiadeatctioatmenttat 180900 to D58 T=for 4=tb 60 becowetd. 1t ®rawing in the
longitudinal direction and in the width direction may be carried out with sequential biaxial drawing, or

may also be cHREFEHERASIMUTNR CTEBRRE| B awiiy i BT48Pto enfignE&1H8 dimensional
stability upon heatciﬁg,si{ 'és P&s;ék& to.use éhgagrﬂggdoigtw 'c@g@r%%@%&@%@dinal direction is

accomplished iR a heat treatment step shown in JP-A-57-57628, or the method in which the film is
subjected to arrelaxatian heatizeapnenbitbasyspengetstate:shown ipdRAd24503%. The
thickness of the biaxial y oriented polyester film obtained by biaxial drawing is preferably 25 to 300 um,
and further preferaiohr@8ae 250atml vst , Therflimiforsblarcelvisack shestobte Rvehtion may be
provided with an easily adhesive coating film. The easily adhesive coating film can be provided in the

following manfér2a EaTabiE PGty &SI RT €84t Wit Sh U &oaS Tduid ToRtainiAg components

for forming a cpating film of an acrylic resin or a gL}/e,glth:r resin cgn@in%ggog;-lir&k ble components,
followed by drf/'llﬁg?%rg\g}v?ﬁé, gﬁg%gﬁéa? %reaétr"heémn%. When the _coaati%g film is provided, the thickness of
the coating film is preferaldyr@.01 &1 upnisss, Jp-8-47-3227%, J. Org. Chem. 28§,

2069-2075 (1963), and Chemilcal Review 13881, Vol. 81, No. 4,



Solar cell back sheet The film for solar cell back sheet of the invention is preferably formed into a
laminate including a water vapor barrier layer stacked therein to serve as a solar cell back sheet. For
the laminate, the transmittance of water vapor measured according to JIS Z0208-73 is preferably 5
g/(m2.24h) or less. As the water vapor barrier layer, a film or foil having a water vapor barrier
property may be used, or a deposited film or a coating film of a metal oxide may be used. As the films
having a water vapor barrier property, there n be used, for example, a polyvinyliclene chloride film, a

polyvinylidene.ghlgriglecoated im, apalyvipylidens fyoride coated Him, adilmaerovided with a thin
deposited film of an inorganic oxide, and a film provided with a thin deposited film of a metal. As the
films providedmwitly eathirr deposited filw ofartinorganic oxide atherbscahshemxemplified a silicon
oxide-deposited film and an aluminum oxide-deposited film. As the film provided with a thin

metal-deposit&d fiin® 57 AGRHHGM-0R pBstBaHin e DEERempTifi€d™ - As the foils having a water
vapor barrier property, 55?5%988 Cgei%gggl%ke%fé%nggug}af:oélﬁg% (:D%pp(?,[rofpil When a film or foll
i \ rrier

( example, . .
having a water vapor barrier property is used as the water vapor ba ayer, the 1ﬁfm or foil having a

water vapor bassiefprepertyss praferabiystacked an:aldeastane side of the filgy-formsalar cell back
sheet via an adhesive. Further, as the water vapor barrier layer, a thin deposited film or a coating
film of an inorganiesxideaora thin Baposited fitmof a meétatmay be usedsAsyiesthis deposited film or
coating film of an inorganic_oxide, for example, silicon oxide or_.aluminum oxide can be used. As the

thin deposited AT 8F A Heth it MRS al G GhTaTbe G8ed0°Y 373K 851413 IPFack sheet
obtained by stacking a;thin depasited filmJayer of.an inorganic axide onthe film far solar cell back

sheet of the invention is excellent in water vapor barrier property, and hehce is preferable. The
films for solar ell back sheetpf ihia davention maydeuredaiene, or may he-useddndamination of two
or more thereof. Further, for the purpose of enhancing the insulating characteristics, the film may be
bonded with afiBtHeFaAsEarem polyester fivat Still fuitheRfor #7¢ pursoseof emhaneing the durability,

the film may be bonded with a film including a_high weather resistant resin such as polyvinyl fluoride.
y Sicyc g%exkaethane—Q,ég—di socyanate, gngw y

methylcoyclichexane diisocyanate.

When polycarbodiimide ig synthesized by 2 polymerization
reaction, control to an appropriate polymerization degree can
be achieved by stopping the polymerization reaction halfway.
In this case, isocyanate ig at the terminal. In order to stop
the polymerization reaction halfway, for example, it is
eggential only that the reaction system ig cooled. In order
to achieve control to an appropriate polymerization degree,
all of or a part cof remaining terminal isocyanates may be
blocked using a compound reacting with the terminal isocyanate
of polycarbodiimide as a terminal blocking agent. As the
terminal blocking agent, for example, monocisocyanate can be
used. Specifically, there can be exemplified phenyl

isoeyvanate, tolyl isocyanate, dimethylphenyl igocyanate,



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 thereon, an EVA (ethylene vinyl acetate) layer for sealing a solar cell element is
provided; namely, into a configuration of film for solar cell back sheet of the invention/ water vapor
barrier layer/white film/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 configuration: as described
above, a wateryapskharier fayer-is stacked thereopm, figber-auhite film is stacked on the

Eydrolysis resistance

The £ilm for sclar cell back sheet of the invention has
a hydrolysis resglstance preferably such that the breaking
elongation retention after an elapse ©f 50 hourg under
environment of a temperature of 121 °C and a humidity of 100 %RH
18 50 % or more, and further preferably such that the breaking
elongation retention after an elapse of 72 hours under the same
environment is 50 % or more.

Originally, the f£ilm is demanded to have a durability
of 20 yearg or more in ocutdoor exposure conditicns as a solar
cell rpack sheet. However, the evaluation by the test requiring
such a long pericd is not realistic. For this reason, in the
inventicon, the test is substituted with an acceleration test
for measuring the elongation retenticon in an aging treatment
in which 50 hours or 72 hours is allowed to eslapse under
environment of a temperature of 121 °Cand a humidity of 100 %RH.

When the £ilm for sclar cell back sheet of the invention
uses, as & carbediimide compound, a relatively low
molecular-welght carbodiimide ccmpound having a
number-average molecular weaight of 200 to 1000, the film
preferably hag a hydrolysls resistance such that the breaking
elongation retention after an elapse of 50 hours underxr
environment of a temperature of 121 °C and & humidity of 100 %RHE

is 50 % or more.



opposite side from the water vapor barrier layer, and thereon, an EVA (ethylene vinyl acetate) layer for
sealing a solar cell element is provided; namely, into a configuration of water vapor barrier layer/film
for solar cell back sheet of the invention/white film/EVA layer, to serve as a solar cell back sheet.
Examples Below, the invention will be described in details byway 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 00, and
determined. (2) Number-averagenaelecidar weight r scUsingdetrabydrofirantas a dexeloping solvent,
measurement was carried out with gel permeation chromatography. As a measuring device, HLC8120
(manufactured-byeTésoh C6 2 oratidr L td )iwas tsede ASErsHithn 2GMFHR#$+GMHHR-HG2000HHR
(manufactured b%?To oh Corporation Ltd.) was used. (3) Terminal carbox% grou concentration A

film sample WS di586108a " BERzy! alédHGI UhddF4 RitrogENStmEphere "akdthe measurement was

carried out with fitration method. . (4) Parfial discharge staslveltage 1 o o (9B ORe Sidg pf a biaxial ly
drawn polyethylene terephthalate film (manufactured by TEIJIN DUPONT FILMS JAPAN LIMITED,

trade name: Teijirdetoron NS) withya-thickaesscet12pmea thindepasited.dilBriayer:of silicon oxide
with a thickness of 80 nm was provided. The resulting film was prepared as a water vapor barrier film.
Further, a biaiayetawerpolifethplereterdptthalafe fifmiBignutdctutéd BYFEIIMIERIPONT FILMS
JAPAN LIMITED, trade name: Teij in Tetoron U2) with a thickness of 50 um was prepared as a white

film. The resufMgHITTE R EombiT&S WithiiHe fif for solal ¢l BakkEieef ofthe iivention. The films

were bonded togethet by, mggps of a dry laminator using a polyurethane adhesive (basis TAKLAC
A515/curing agent TAKENATE A50=10/1 solution) manufactured by Takeda Pharmaceutical Company
Limited so as to be instheiardesof white film/water vapor barrier film/film for solar cell back sheet of the
invention, thereby to manufacture a solar cell hack sheet. = Using the solar cell back sheet, the
partial discharge starf¥oltdGes {URID) Peford diichafieF 2 WEPREat fredtert{aNowfiiFa prescribed

time to elapse under environment of a temperature of 121 C and @fk idity 100 %RH) were measured
LSing & parta BSEherER Fetes rbeh] RPDSORE) Tanufa A by KIRGSUI ELECTHOMCS CORP.

Ltd. , accordingstq,ther parial disgharge testhef (60664 loclncidentally, the-mersyrements
film.

In the invention, to the polyester composition forming
the film, there may be added other additives such as plgment,
dve, reinforcing agent, filler, heat resigtance improver,
antioxidant, plasticizer, weather resistance improver,
lubricant, mold release agent, nucleating agent, flowability
improver,anti~staticagent,stabilizer,cro%%—limkiugagent,
terminal blocking agent, and molecular chain extender so long
as the physical properties of the resulting film are not
impaired.

Production method

The polyester composition in the invention can also be

produced with a method in which a carbodiimide compound ig
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were carried out for 10 samples, and the mean value thereof was calculated. Incidentally, it is
essentially desirable to evaluate the partial discharge start voltage 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 94-RH is performed. Thus, the partial discharge start
voltage is evaltatedad irdbReference Examples drtorhandQamparative Examyplest; the prescribed
time of the acceleration test was set at 50 hours. In Examples 5 to 10 and Comparative Examples 2
and 3, the prezeribedime drtheradealabdtionr te6dt\pds Eet af ¥onaurs thngs, évaltiafiBn was carried
out. (5) Hydrolysis resistance A film wasgut i:Ig a Iegg%hegg}oo n%rgdgéhe é%ngitggienal direction and

in a width of 1 mr%aijﬁbt%%ltlrgrl\g\?ersé:?ﬁ%%lﬁ%n, res%lting ina spgcimen In"a strip form. The specimen

was allowed tQ stand in anenvirgnment fester set to atemperagiyre 0f,1216and adumidity of 100
%1RE for a prescribed time. Then, the specimen was taken out. The breaking elongation in the

longitudinal directiot:was meastred biimes: adththewaréanivaluesdhéreohwds deterinimed. The value
obtained by dividing the meanvaluebythemeasurementvalueof thebreakingelongation

beforestandingieatakEadtheBredidngeivhgatiorrétentoi@s | Bredkig 1 161F rétention (%)
- (breaking elongptign aftey.an elapse of preseribed ine) (initial breakiag glongaen) X100

Incidentally, itis essen%irgﬁy%ecscfﬁ%cfgl%o évaluate the %y rolysis resistance after an elapse of 20 years

or so with the film as thessolar egll-hagk sheet in eutdpor-expesure senditions: Howewer, it is difficult to
spend such a longtime to perform the outdoor exposure test. For this reason, in place of this

evaluation, ancadgelerationitést imwhidle a preseribeel titid isakeded to elapseaghderenvironment of a
temperature of 121 00 and a humidity of 100 %RH is performed. Thus, the breaking elongation

retention is evalitedr 22l anRERFERLE BRampiRrY1s 450G Bohpalafive Bxkaiiisle T the prescribed

time of the ac%%lrelr%té%@%?v%aggeéaLlSPm_hours. In Examples 5 to 10 and Comparatiye Examples 2
and 3, the prescrlﬁe time of the acceleration test was set at 72 hours. Thus, evaluation was carried
out. Reference Examplg-1+ormation of the master chip, a biaxial kneading

extruder, particularly, a vent-eguipped biaxial kneader 1is
preferably used in coxder to obtain a sufficient
knead-dispersion force.

In the invention, when production ig carried out with
the method in which a carbodiimide compound is directly added
to the polycondensation reaction system of a polyester,
deterioration due to 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
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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 00 under a nitrogen 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% so as to be in an amount of 0.18 wt% in terms of phosphorus compound based
on the amountaf thenpolyset; &t aggeegatedsiicen oxide padiclesiwithcan averagegparticle size of
1.5 pm in an amount of 350 ppm based on the amount of the polymer Then, as a polymerization
catalyst, 0.03 ParSRGHRESE arahRohytHoXIde viss sl ded Brefé®r PRePS TémpRtatire rising and
pressure redu%;on were %rag%all%a erforrg}eed agcgédti:n%to thg ordigg{%mgt% Q'S@QSJ!&’ at the time

when a prescribéd hielt ViscSE! V' Was Bbtaired: asacarbodinmide corﬁpioﬁzﬁ :

N,N"-dicyclohexylcarbediimide (lanutactured Ry Matsungte: ¥yshhSeiyaku. Co. oLid (yolecular

weight=205) was added in the amount shown in Table 1. Then, the inside of the reactor was kept at
3.0 kPa for 10vminutes, antl the seactigr was-termindted rrasuitingiin atpalyetiidene terephthalate
composition with an intrinsic viscosity of 0 . 87 and a melting point of 256 C. This was melt-extruded
on a rotary cobfitfy &AMt 8220 CRRIfPaN SXiritetheats® 285°C, restiftthg in®h undrawn film.
Then, the resulting film was drawn to 3.8 times at 100.C.in the longitudinal direction, and then was
drawn to 4.2 tﬁﬁigg 5%"%0‘%7% t[ﬁ%r}v{\lliD th dllrg(;cltlsor% leﬁl}s%,l[ﬁe?ﬁmsu “heat é%tsf\)/v%rilseiﬁging shrunk by 3

% along the wigdth direGtion.at 22546, Jespltingsin A fikm.f ok selarcellback sheet with a.thickness of 50

km. The hydrolysis resistance (breaking elongation retention) of the film was evaluated. Further, for
the film, the intrinsicheisgosipranddhesteiminat eardioxyl gedwp condentrativreofthespolyester
composition forming this were measured. Then, using the film, a solar cell back sheet was

manufactured SEREE 384 Wafdh FABREPB AR IErB WAL prepar e &Swatsr VaR5H Barrier film

manufactured by_proyiding 5, {pin daposite. fim. ayenal silisprigide it & igkness,of 80 rim on one
side of a biaxially drawn poafyet ylene terep%t alate film (manufactured by TEIJIN DUPONT FILMS
JAPAN LIMITED: dadesnameigheijin TetomwndNs) withoa-thisknass of d2pgn.Rerther; as a white film,
there was prepared a biaxially drawn polyethylene tereblithalate film (manufactured by TEIJIN
DUPONT FILMSu3ARAN LINNTED: tiadenante tTeirr Petbron 192) withca thidkhess of 50 km. These
were bonded together by mans of a dry laminator so as to he.in the order of white film/water vapor

barrier film/filntFSr $6laFtelBadk SHEET O tE v ertB therdlsy o' thaRUfEctire A Eotar cell back
sheetFor the splar.cell back sheet, the, partial gischarge start veltageshefpre and:after a wet heat

treatment (allowing SO hours to elapse under environment of a temperature of 121 C and a humidity
100 %RH) weres measuredschhie measurempentresults are shown in Table 1. Reference Example 2
Incidentally, 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 & direct esterification method, or a golution
polymerization method. As the ester interchange catalysts,
there can be used, for example, compounds of manganese, cobalt,
zinc, titanium, and calciuvm. BAs the esterification catalysts,

there can be used, for example, compounds of manganagse, cobalt,

zing, titanium, and calcium. Az the polycondensation

iz



A film for solar cell back sheet and a solar cell back sheet were manufactured in the same manner as
in Reference Example 1, except that the amount of the carbodiimide compound to be added was
changed as shown in Table 1. The measurement results are shown in Table 1. Reference 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,NT
-dicyclohexylcarbodiimide (manufactured by Matsumoto Yushi Seiyaku Co., Ltd, molecular

weight=206) weresfed:-sq as to.achievea weightatio af-L00:5:aHhe aixtwewas melikneaded, and
was extruded at a speed of 120 kg/h, resulting in a polyethylene terephthalate composition with an
intrinsic viscosigrok0.86t A filh forsplartcell. backi shéesmhdra solar cell back sheet were
manufactured using this composition in_the same manner as in Reference Example 1. The

measurement results 28 HoRn i TabE . Tomprativeistdniple 3® “KHimT0r Sfar cell back
sheet and a seiar el uaci gt were manuiaciued o the,same mannet.ag a Reference Example 1,

except that a carbodiimide compound was not'added to a polyester. The measurement results are

shown in Tabled ./Referenceedbxample & conbleupolyethyless terephthalate gomgosiion obtained in
Reference Example 1 was further subjected to solid phase polymerization under environment of a
temperature of230-Cxirildafegite f Yacturhco0.5 MAfEegTer 24hours 2rexuiliiig e a polyethylene
terephthalate composition with an intrinsic viscositg of 1.12. A film for solar_cell back sheet and a solar

cell back sheet WeiShantfatturdhiff thé SEmeIHARTE? asRREIEIINEE ELEMDIE 12 EXcept that this
composition was ysged as the polyester compagition of taw roateriakfop thefilm The;measurement

results are shown in Table 1. Table 1 Raw material composition
an additive-free polyvester chip are mixed, and wmelt-kneaded.

The regulting melt-kneaded mixture is melt-extruded intoa £ilm
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 liguid state teapolyester
chip, followed by melt-kneading. The resultingmelt-sxtiuded
product isg cooled and sclidified in a casting drum, resulting
in an undrawn f£ilm. Then, the undrawn f£ilm ig drawn at Tg to
(Tg+60} °C in the longisudinal direction one time or two or
more times to a total draw ratio of 3 times to 6 times. Then,
the film is drawn at Tg to (Tg+E0) °C in the width direction
toadravratioof 3 to 5 times. If reguired, the film is further
subjectad to a heat tryeatment at 180 °C To 2535 °C for 1 to &0
seconds.

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 simultanecus biaxial drawing.
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Polyester Carbodiimide compound Composition characteristics Partial discharge start voltage
Hydrolysis resistance Intrinsic viscosity

n order to enhance the dimensicnal stability upon heating,
it is possible to use the method in which shrinkage in the
longitudinal direction is accomplished in a heat treatment step
shown in JP-A-57-57628, or the method in which the film is
subjected to a relaxation heat treatment in a suspended state
shown in JP-A-1-275031.

The thickness of the biaxislly oriented polyester film
obtained by Biaxial drawing is preferably 25 to 300 pm, and
further preferably 38 to 250 um.

The f£iim for solar cell back sheet of the invention may
be provided with an eagily adhesive coating £film. The easily
adhegive coating £ilm can be provided in the following manner:
a drawable polyester film is coated with an aguecus liguld
containing components for forming a coating £ilm of an acrylic
regin or a polyester resin containing cross-linkable
components, followed by drying, drawing, and & heat treatment.
When the ceoating £ilm is provided, the thickness of the coating
Film i1s preferably ©0.01 fto 1 um

Solar cell back sheet

The £ilm for solar cell back sheet of the invention is
preferably formed into a laminate including a water vapor
parrier laver stacked therein to serve as a solar cell back
sheet. For the laminate, the transmittance of water vapor
measured according to JIS Z0208-72 is preferably 5 g/ (m*24h)

or less.
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Terminal carboxyl group concentration Before acceleration test (before wet heat treatment After
acceleration test (after we heat treatment Breaking

As the water vapor barrier layer, a film or £oil having
a water vapor barrier proparty may be used, or a deposited film
ocr a coating film of a metal oxide may be used.

As the films having a water vapor barrier property, there
can be used, for example, a pcelyvinyliidens chloride film, a
polyvinylidene chloride cecated film, a polyvinylidene
fluoride coated film, a film provided with a thin deposited
film of an inorganic cxide, and a f£ilm 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 slilicon oxide-deposited filmand an aluminum cxide~deposited
film. As the film provided with a thin metal-deposited film,
an aluminumn-depogited film can be exemplified.

As the folils having & water vapor barrier property, there
can be exempliflied aluminum foil and copper foil.

When & filmor foil having a water vapor barrier property
igsusedas the water vapor barrier laver, the filmor foil having
awater vapor barrier property is preferably stacked on at least
ocne side of the film for golar cell back sheet viag an acdhesive.

Further, as the water vapor barrier laver, & thin
deposited film or a coating film of an inorganic oxide, or a
thin depcsited film of a metal may be used. As the thin
deposited £ilm or coating film of an inorganic oxide, fox
example, slilicon oxide or aluminum oxide can be used. As the

thin depogited film of a metal, for example, aluminum can be
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elongation retention Parts by wei ht Parts by wei ht dl/g MIS V 70 Ex. 1

uged.

A solar cell back sheet obtained by stacking & thin
deposited £ilm layer of an inorganic oxide on the £ilm for solar
cell pack sheet of the invention is excellent in water vapor
barrier property, and hence 1is preferable.

The films for solar cell back sheet of the invention may
beusedalone, or may be usged in lamination of two or more thereof,
Further, for the purpose of enhancing the insulating
characteristics, the film may be bonded with ancther
transparent polyester film. 8&till further, for the purpose
of enhancing the durability, the film may be bonded with a £iim
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 vapoer barrier laver is stacked thereon,
further thereon, & white film is stacked, and thereon, an EVA
(erhylene vinyl acetate) layer for sealing a solar cell element
is provided; namely, into a configuration of film for solar
cell Dpack sheset of the invention/ water vapor barrier
layer/white £ilm/EVA layer, to serve as a solar cell back sheet.

Alternatively, the {ilm for sclar cell back sheet of the
invention is preferably formed into the following
configuration: as described above, a water vapor barrier layer

is stacked therecn, further, a white film is stacked on the
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opposite side from the water vapor barrier layer, and thereon,
an EVA {ethylene vinyl acetate} layver for sgealing a scolar cell
element is provided; namely, intc a configuration of water
vapor barrvier layer/film for solar cell back sheet of the
invention/white film/EVA layer, to serve as a solar cell back
sheet.

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 viscosity

The viscoszity of a solution of a f£ilm sample with an
orthochlorophencl sclvent was measured at 35 °C, and
determined.
(2} Number-average molecular weight

Uzing tetrahydrofuran as a developing solvent,
measurement was carried out with gel permeation chromatography.
As a measuring device, HLC8120 {(manufactured by Tosoh
Corporation ned.) was used. As a column,
GMHHR-H+GMHHE-H+G2000HHR (manufactured by Tosch Corporaticon
Lzd.) was used,
{3} Terminal carboxyl group concentration

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

a titration method.
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{4} Partial discharge start voltage

On one side of & bilaxially drawn polyethylene
terephthalate film (manufactured by TEIJIN DUPCNT FILMS JAPAN
LIMITED, trade name: Teildin Tetoron N&) with a thickness of
12 wum, a thin deposited film layer cf silicon oxlde with a
thickness of 80 nm was provided. The resulting £ilm was
prepared as a water vapor barrier film. Further, a biaxially
drawn polyethylene terephthalate £iln {manufactured by TEIJIN
DUPONT FILMS JAPAN LIMITED, trade name: Teijin Tetoron U2) with
a thickness of 50 um was preparedazsawhite film. The resulting
films were combined with the film for sclar cell back sheet
of the invention. The £ilms were bonded together by means of
a dry laminator using a polyurethane adhesive (basis TAKELAC
AE15/curing agent TAKENATE AL0=10/1 solution) manufactured by
Talkeda Pharmaceutical Company Limited so as to be in the order
of white film/water vapoer barrier £iim/film for sclar cell back
sheet of the invention, thereby to manuiacture a solar cell
back sheaet.

Using the solar cell back shest, the partial discharge
start voltages (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 mesasured
uging & partial discharge tester {model XPD2050) manufactured
by KIKUSUI ELECTRONICS CORP. Ltd., according to the partial

discharge test of IEC60664-1. Incidentally, the measurements
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were carried out for 10 samples, and the mean value thereof
was calculated.

Incidentally, it is essentially desirable to evaluate
the partial discharge start voltage after an elapse of 20 years
or g0 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 cutdoor exposure tfest. For this
reason, in place of this evaluation, an acceleration test in
which a prescribed time ig 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 Reference 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 out.

{5) Bydrolysis resistance

A film wag cut in a length of 100 mm in the longitudinal
direction and in a width of 10 mm in the transverse direction,
regsulting in a specimen in a strip form. The specimen was
allowed to stand in an environment tester set Lo a temperature
of 121 °C and a humidity of 100 %$RE for a prescribed time. Then,
the specimen was taken out. The breaking elongation in the
longitudinal direction was measured 5 times, and the mean value

therecf was determined. The value ocobtained by dividing the
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Example 5 85 Parts by weight of dimethylterephthalate 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 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 phogphate.jn,an ameHptef 10.wik-se astohedr amameuniohd. 18 wiXiniterms of
phosphorus compound based on the amount of the polymer, and aggregated silicon oxide particles
with an average pastislessizeaf osptaearmamownt ot 3k0ppelbased oarthe-amotntof the polymer.
Then, as a polymerization catalyst, 0.03 part by weight of diantimony trioxide was added thereto.
Then, tempefé&ture 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, CarbodiffREARI iARtHERHd By RiEshibb Idustries Inc, molecular weight=6000,
carbodiimide eguivaj_en}:24gﬁglmol) as added in tl%%gpoa%ntgpov%n in 'Eable 1. Th%né&he inside of

the reactor was kept at gﬁek a fot 10 mi St%ls?%na the reaction \?\llgs@fel?uhiﬁgteesdc, rrésultlng ina

polyethylenettsﬁggt}tr{wﬂ?itgmn@%gggﬂgt@@gﬂ insicviseasity of 0.87 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 285C,
resulting in an undrama filenthenythei resisting fikn was drawie t0. 8:3 limes-ae00 G irethe
longitudinal direction, and then was drawn to 4.4 times at 110 00 in the width direction. Thus, the film
was heat setolhil@p@iivg SEAMKISY BUralengRRE STIJRR dREEBGS a® 225°CY RESIRLISY irFa film for solar
cell back sheet with a thickness of 50 pm. Usinr%%%resulting, film for solar cell back sheet, a solar

cell back shébtWakanufat@felh Hie'gmema ST RefsFeRES BXAMBIeT *EFthe solar cell
pack sheet, (hearlialdiscnalge siart vallagesfisipie.and aliesanethieat Lealment (lowing 72

hours to elapse under environment of a temperature of 121C and a humidity 100 %RH) were

measured. The peasirgrgntdesyits awshewrdn-table 2rExample Bsasoh fill farselar cell back
sheet and a solar cell back sheet were manufactured in the same manner as in Example 5, except that

the amount effthendarkodiimigieicompounrd te beraddetwassthangedd.as showasnTiabie 2. The
measurement results are shown in Table 2. Example 7 A film for solar cell back sheet and a solar
cell back sheetfereSnfamFHEdred i tRETAMBIRENAEY s FESAMBIE 5, ExEERARAEHR compound
used as the carbodiimide compound was changed to Carbodilight H1\4V-8CV (manufactured by

Nisshinbo In8stes Irfc. 2RDIBcHAF WeiGH =200t TafB8dimide Eqavafcht=278"/m&1SThe
meas“reme'ﬂ%@ﬁﬂ'ﬁ&“’é§BB§9’£‘€EEJ@Q‘@%Mion is evaluated.

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

Reference 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
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Example 8 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 manner as in Example 5, except that a carbodiimide compound Was not added. The

measurementsesylisareshowmin Tables2 Comparative. fxample: Son wa Aditrelorsolar cell back
sheet and a solar cell back sheet were manufactured in the same manner as in Example 5, except that

as a carbodiinditiescoripoulid; tdilsbpropyl carbodiinit enfrnbpnfaciired1ppToyd €hemical Industry Co.,
Ltd.) was used. The measurement results are shown in Table 2. The low molecular weight resulted in

volatilizationaRi@¥&pBii2 SforofHEmotratineraof@iing polyhierzatich M Gurihg Met-extrusion. As a

result, the ad 'Eilo%@H&?EW@S%‘?%@“’J‘Q&'&%M Adsing.a hiaxial knead-extryder NEXT-60
manufactured by KobéSteellLtd.,polyethyleneterephthalateFK-OM manufactured by Teijin Fibers

Limited, and, asasgabeodiinide-cempaund, Catbadikght LAs 1 were: fae inameunts:sbewn in Table 2.

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

terephthalate offposifionwith drsiminsiovisbosity o OBerAilht focsotartded Basksheet and a solar

cell back sheet were manufactured in the same manner as in Exag;le 5, exceg% that this composition
e

was used as & Fa\}vvl’fﬁa?éjr?é‘wbeﬁheaﬁﬁﬁmafﬁg ?ﬁ@gﬁfreﬁé?ﬁf Fa%fits Sfe BRGWhHSh aﬁkt . Example 10
The polyethylgne.tsrepnihalate composiion ehitaingd in,Example. 2 Jughalpubiegted to solid

phase polymerization URder environment of a temperature of 230 C anda degree of vacuum of 0.5
mmHg for 24 baursipeesitiing:in a poliethyleneterephthalate campesitionywith areintBasic viscosity of
1.02. A film for solar cell back sheet and a solar cell back sheet were manufactured in the same
manner as in Exafmiple 5, ExEspP it e polgsthyléré fere pRTdate Eompssitich ¥#a$ tised. The

measurement results are shown in Table 2. . N
thereto. Then, temperature rising and presgure reduction were

gradually performed according to the ordinary wmethod.
Pinally, at the time when a prescribed melt viscoslty was
obtained, as a carbodiimide compound,
N,N'-dicyclichexylecarbodiimide {(manufactured by Matsumoto
Yushi Seivaku Coc., Ltd, molecular welight=206) was added in the
amount shown in Tabkle 1. Then, the inside of the reactor was
kept at 3.0 kPa for 18 minutes, and the reaction was terminated,
regsulting in a polyethviene terephthalate compogition with an
intrinsic viscogity of 0.87 and a melting point of 256 °C. This
was meli-extruded on a rotary cooling drum kept at 20 °C using
an extruder heated to 285 °C, resulting in an undrawn f£ilm.
Then, the resulting film was drawn to 3.8 times at 100 °C in
the longitudinal direction, and then was drawn to 4.2 times

at 110 °C in the width direction. Thus, the film wag heat set
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Table 2 Raw materialcomposition Film characteristics Polyester Carbodiimide compound
Composition characteristics Partial discharge start voltage Hydrolysis resistance

while being shrunk by 3 % along the width direction at 225 °C,
resulting in a film for solar cell back sheet with a thickness
of 50 um. The hydrolysis resistance (breaking elongation
rertention) of the film was evaluated. Further, for the film,
the intrinsic wviscosity and the terminal carboxyl group
concentration of the polyester composition forming this wers
measured.

Then, usging the film, a solar cell back sheet was
manufactured. First, as & water vapor barrier £ilm,
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 gide of a bilaxially drawn
polyethylene terephthalate film (manufactured by TEIJIN
DUPONT FILMS JAPAN LIMITED, trade name: Teijin Tetoron NS) with
a thickness of 12 um. Further, asg a white £ilm, there was
prepared a biaxially drawn polyethylene terephthalate film
{manufactured by TEIJIN DUPCNT FILMS JAPAN LIMITED, trade name:
Teidiin Tetoron U2 with a thickness of 50 um. These were bounded
rogether by mans of a dry laminator so as to be in the order
of white film/water vapor barrvier film/f£ilm 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

(allowing 50 hours to elapse under environment of a temperature

of 121 °C and a humidity 100 %RH) were meagured.
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Intrinsic viscosity Terminal carboxyl group concentration Before acceleration test (before wet heat
treatment) After

The measurement results are shown in Table 1.

Reference Example 2

A film for solar cell back sheet and a solar cell back
sheet were manufactured in the same manner as in Reference
Example 1, except that the amcunt of the carbodiimide compound
to be added was changed as shown in Table 1. The measurement
results are shown in Table 1.

Reference Example 3

Using a biaxial knead-extruder NEXT-60 manufactured by
Kobe Steel Ltd., polyethylene terephthalacte FK-OM
manufactured by Teijin Fibers Limited, and, as a carbodiimide
compound, N,N'-dicyclohexylcarbodiimide (manufactured by
Matsgumoto Yushi Seiyaku Co., Ltd, meclecular 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 composition with an intrinsic
viscosity of 0.86. A f£ilm for solar cell back sheet and a solar
cell back sheet were manufactured using this composition in
the same manner as in Reference Example 1. The measurement
regults are shown in Table 1.

Comparative Example 1

A film for solar cell back sheet and a solar cell back sheet
were manufactured in the same manner as in Reference 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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acceleration test (after wet heat treatment) Breaking elongation retention Parts by weight Parts by
weight dig eq/T V V

Reference Example 4

The polyethylene terephthalate composition obtained in
Reference Example 1 was further subliected 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
viscosityof 1.12. A filmfor solar cell back sheet and a sclar
cell back sheet were manufactured in the same manner as in
Reference Example 1, except that this composition was used as
the polyester composition of raw material for the film.

The measurement resulis are shown in Table 1.

Table 1
Raw material composition Fiim characteristics
Composition characteristics Partial discharga stari voitage {Heys?;?;ﬁ:
Bolvester Carbodiimide Terminal Before After Breakin
Y compound intrinsic carboxyl acceleration accaleration alon ati(?n
viscosity group fest (before wet | test (afler wat el e%ti on
concentration | heat treatment) | heat treatment)
Parts by Parts by 0
weight weight diig eqT v M to
Ex. 1 100 3 0.72 ¢ 1103 1069 52
EX. 2 100 1 0.68 14 1098 1061 76
Ex. 3 100 5 0.73 g 1085 1050 ity
Ex 4 100 3 1.01 5 1112 1676 92
Comp. Ex. 1 100 0 0.85 37 1109 323 43

Example 5
85 Parts by weight of dimethyl terephthalate and 60 parts
by weight of ethylene ethylene glyceol were charged in a reactor

uging 0.08 part by weight of calcium acetate as a catalyst.
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% Ex. 51003 0.73 91109 1077 84 EX. 6 100 1 0.70

The temperature wag increasgsed up to 240 °C under a nitrogen
atmogpherse. Thug, an estexr 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 ethylens glveol solution adjusted to contain trimethyl
phosphate in an amount of 10 wt% so as to be in an amount of
0.18 wt% in termsg of phosphorus compound based on the amount
of the polymer, and aggregated silicon oxide particles with
an average particle 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 pressure reduction were
gradually performed according to the ordinary method.
Finglly, at the time when a prescribed melf viscosity was
obtained, as a carbodiimide compound, Carbediliight LA-1
(manufactured by Nigshinbe Industries Ing, molecular
welght=6000, carbodiimide eguivalent=247 g/mol) was added in
the amount shown in Table 1. Then, the inside of the reactoer
was kept at 3.0 kPa for 10 minutes, and the reaction was
terminated, resulting in & polyethyvlene Terephthalate
composition with an intrinsic viscosity of 0.87 and a melting
point of 255 °C. This was melt-extruded on & rotary cooling
drum kept at 20 °C using an extruder heated to 285 °C, resulting

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

times at 100 °C in the longitudinal direction, and then was
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151097 1060 78 Ex. 7 100 3 0.74 8 1116 1079 81 Es. 8

drawn to 4.4 times at 110 °C in the width direction. Thus, the
film was heat set while being shrunk by 3 % along the width
direction at 225 °C, resulting in a f£ilm for solar cell back
gheet with a thickness of 50 pm.

Using the resulting film for solar cell back sheet, a
golar cell back sheet was manufactured in the same manner as
in Reference 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 measurement results are shown in Table 2.

Example 6

A film for solar cell back sheet and a sclar 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
shown 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 3,
except that the compound used as the carbodiimide compound was

changed to Carbodilight HMV-8CV (manufactured by Nisshinbo

Industries Inc., molecular welght=3000, carbodiimide
equivalent=278 g/mol). The measurement results are ghown in
Takle 2.
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100 30.75 7 1120 1075 82 Ex. 9 WO5 0768 1128 1081 88

Example 8

A film for solar cell back sheet and a solar cell back
sheetr were manufactursed in the same manner as in Example 3,
except that the compound used as the carbodiimide compound was
changed to Stabaxel P200 {(menufactured by Rhein Chemie Japan,
ntd., molecular weight=40000, carbodiimide equivalent=330
g/moly. The measurement results are shown in Table 2.

Comparative Example 2

2 fiim for solar cell back sheet and a solar cell back
sheet ware manufactured in the same manner ag 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
sheat 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 results are
shown in Table 2. The low molecular weight resulted in
volatilization and vaporization of the most part thersof during
polymerization and during melt-extrusion. As a regult, the
addition effect was low.

Examplie 2

Using a biaxial knead-extruder NEXT-60 manufactured by

Kobe Steel Ltd., polyethylene terephthalate FK-OM
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Ex,10 IOUI3 1.023 1145 1096 94 Comp. Ex. 2 100 0 0.6436 1113 332 41

manufactured by Teijin Fibers Limited, and, as a carbodiimide

compound, Carbodilight LA-1 were fed in amcunts shown in Table

2. The mixture was melt-kneaded, and was extruded at a speed

of 120 kg/h, resulting in a polyethylene terephthalate

compogition with an intrinsic viscosity of 0.86.

4 £ilm for

sclar cell back gheet and a solar cell back sheet

manufactured in the same manner as in Example 5, except Lhat

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

measurement results are shown in Table 2.

Example 310

The polyethylene terephthalate composition cbtained in

Gxample 5 was further subiected tc solid phase polymerization

under environment of a temperature of 230 °C and a degree of

vacuum of 0.8 mmig for 24 hours, resulting in a poclyethylene

terephthalate composition with an intrinsic viscosityof 1.02.

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

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

that the polyethylene terephthalate composition was used.

measurement results are shown in Table 2.
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Comp. Ex. 3100 1 0.63 32 1103 504 55 INDUSTRIAL APPLICABILITY The film for solar cell
back sheet of the present invention can be preferably used as a solar cell back sheet. CLAIMS

Table 2
Raw material composition Fitm characteristics
Composition characteristics Partial discharge start voltage :l’;?;f;iﬁ’:
Carbodiimide Terminal Before Aftar :
Palyester compound intringic carboxyl acceleration acceleration e?;iaz;nfn
wiscosity group test (hefore wet | test {after wet e fegltion
concentration | heat freafment} | heat reatment)
Parts by Paris by e
weight weight di eqT v v %
Ex. 5 100 3 073 g 1oy 1077 84
EX. 8 100 1 0.70 15 1087 1050 78
Ex. 7 100 3 G.74 B 1118 1078 81
Ex 8 100 3 475 7 1120 1075 82
Ex. § 100 5 0.76 8 28 1081 38
Ex. 10 100 3 162 3 1145 1096 04
Comp. Ex.2 | 100 0 084 | 3 1113 12 41
Comp. Ex. 3 100 1 0.63 R 1103 504 55

INDUSTRIAL APPLICABILITY

The film for solar cell back sgheet o©f the present

invention can be preferably used as a solar cell back sheset.
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film for solar cell back sheet comprising a biaxially oriented polyester film, 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, wherein the carbodiimide
compound is a carbodiimide compound having a number-average molecular weight of 2000 to
100000, and the breaking elongation retention after’Sn elapse of 72 hours under environment of a

temperature of 121 ¢ and.a hurmidity of 190 %RH 520 %.0r mare. , ;. &30 gall.gack sheet
comprising the film for solar cell back sheet according to claim 1.
polyester f£ilm, the biaxially oriented polyester film comprising a
polyester compesiticon containing 100 parts by welght of a polyester and
0.1 to 10 parts by weight of a carbodiimide compound, being mixed therein,
wherein the carbodiimide compound is a carbodiimide compound having a
number-average molecular weight of 2000 tec 100000, and the breaking
elongation retention after an elapse of 72 hours under environment of a
temperature cof 121 °C and a humidity of 100 %RH is 50 % or more.

2. & solar cell back sheet comprising the £ilm for solar cell back

sheet according to claim 1.
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