1 Bl AXI ALLY ORI ENTED POLYESTER FI LMS AND THEI R PRCDUCTI ON .METHODS
BACKGROUND OF THE INVENTION 1. Field of the Invention “The present
dnvention relates to biaxially oriented polyester films and their
productian nethods. Mre specifically, it relates to bia%pa@?g oriented
pol yester filnms that are high in rigidity in all directi'ons wi'thin the
filmplane, high in dinensional stability, and resistant to deformation
under | oad, and serves as a base filmfor high density magnetic recording
media that shows particularly high travelling durability when used as
data.  recor di T AXEREF LSBT FRRPFRRFESTES Jriphi T JHFIR FRPRVCTION HATEDS

environnent, and it also relates to their production nethods. 2.

Description of the Prior Art Recent magnetic recordi ng tapes have
beconme thinner and higher in pgekErduRg ddenst tngve@rdgar Mt the production of
smal ler products with |onger Tecording tine, an ere are increased

demands for tapéepd cduthe Imvehtsoml | er el ongational defornati on under
tensile stress and | onger preservability in tape''s service environnent.
Under such conditi ondes BFeritdinyentien d@léteprdnpbisfially oriented

polyester films and their production methods.‘ More specifically, it
relates to biaxially oriented polyester films that are high in
rigidity in all directions within the film plane, high in
dimensional stability, and resistant to deformation under load, and
serves as a base film for high density magnetic recording media that
shows particularly high travelling durability when used as data-
recording tapé and improved preservability in tape's service
environment, and it also relates to their production methods.
2. Description of the Prior Art

Recent magnetic recording tapes have become thinner and
higher in recording density to permit the production of smaller
products with longer recording time, and there are increased demands
for tape products with smaller elongational deformation under
tensile stress and longer preservability in tape's service
environment. Under such conditions surrounding the development of
maghetic recording tape products, there are increased demands for
improved base film materials that are higher in strength as well as
form stability and dimensional stability in the tape's service
environment.

To provide base films that meet the above requirements,




magneti c recording tape products, there are increased denmands for inproved
base filmmaterials that are higher in strength as well as formstability
and di nmensional stability in the tape's service environnent. To
provi de base filns that nmeet the above requirenents, .aramd
mat eri al s have been used conventionally as they 3 'ﬁn§SEﬂEFHAS§Eﬂé gt h and
di mensional stability. Though they are high in piice rurladEBadvarg ageous
in terms of cost, manufacturers have had to use ™tremas there are no
alternatives. On the other hand, in conventional nmethods for producing a
hi gh- stl'engtr?rﬁﬁéilﬂfFFyl%ﬁﬁ éﬁY%x?eeboH%ﬁgsF%#VQPFF?ﬁaIFVI?ﬁ|F§ebn%%? digketighed in
two directio ch d sverse. directions, f.urt her
%%ﬁe“gtﬁr’ag 4 dgns ol S'I' blq ﬁ% e“‘?n %éﬁ eaHfﬁt PnB* Hifchi ne

stretched in fne drrection 1 ur é

direction (fQ&8 &XAHURhALagkBuB-12HE: s %%790512] Pmﬁl!ﬁ"a@té@béoﬂgve JRabe ﬁh@e
46-1119 and JP-B-SHO 46-1120). For addi tional increase in st rengt n the
transver se dithegtdsOmthetd Girgi ididilRaltnaridet I aNAVEKS @ther Iahet CiH Ng
processes” in which filmis first re-stretched in the machine direction
and then re- $PREeRH#ienal metheds (fanspra¥einy rebiginstnanath béerizllyposiettefior

exanpl e, such e sed in JP-A-SHO 50- 133276 and JP- A- SHO
55_22915)' HP&E e%gégné{*ﬂjpgf gﬁePngﬁlsﬁgetched in two directions, i.e.,

machine and transverse directions, and further stretched in the

machine direction to ensure high strength in the machine direction
(for example, JP-B-SHO 42-9270, JP-B-SHO 43-3040, JP-A-SHO 46-1119
;nd JP-A~SHO 46-1120). ¥For additional increase in strength in the
transverse direction, "longitudinal and transverse re-stretching
processes” in which film is first fe-stretched in the machine
direction and then re-stretched in the transverse direction have
been proposed (for example, such films are proposed in JP-A-SHO 50-
133276 and JP-A-SHO 55-22915). High-strength polyester films
produced by these conventional methods have such disadvantages as:
1) tape breaks during use, 2) insufficient rigidity in the
transverse direction causes edge damage, 3) elongational
deformation under stress or dimensional deformation due to
environmental conditions result in a shift of recording tracks that
cause errors when records are read out, and 4) insufficient
strength brings about difficulty in thickness reduction and makes
it impossible to achieve required magnetic conversion performance.
Thus, many problems still remain to be solved to allow large-

capacity, high-density magnetic recording tape to be produced from
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produced by these conventional nethods have such disadvantages as: 1) tape
breaks during use, 2) insufficient rigidity in the transverse direction
causes edge damage, 3) elongational deformation under stress or

di mensi onal deformation due to environnental conditions result in a shift
of recording tracks that cause errors when records are read out, and 4)
insufficient strength brings about diffigulty in thickness reduction and
makes it inpossible to achieve required magnetic conversion performance.
Thus, many problens still remain to be solved to allow |arge- capacity,

hi gh- densi ty the§Refi™srecording tape to be produceﬂ from Cod has b

3 t hese fil ns. her anot her I ng nmet ho as _been
proposed in which preH’?ﬁ"’ne‘-iIWES r esf’é?ﬁcﬁldn? 5@?%3} ge‘b'f iP5PPPE4 HB above-
mentioned st rvaltlczhlggalqsnamyatshp&amgeﬁsspe&oimeﬁ’agz%; 2o 492, Bpdye- foOr
exanpl e, proposes a process in which Imis subjected to prelimnary
stretchi ng atmemtdlomed maretnmaﬁgaoéieheaéhdhlprﬁbasa t e s. neddinies figoget ¥ pn at
tenperatures of (polyester's glass transition tenperature Tg + 40)[err]C
to (crystal | ifP4t PEAPRIEmpPRIOPOEE © EF@IOC%) ig whifch| fidweds bsubgerteditiong in t he

n h chin
transverse (hﬂ}EgE&{HLr% gk}et%hgxb at a draw ratio of 1.2 to 3 times in the

machine direction at temperatures of (polyester's glass transition
temperature Tg + 40)°C to (crystallization temperature Tc - 20) °C,
followed by stretching in the transverse direction and the machine
direction, and shows films that are strengthened only in the
longitudinal direction, Further, JP-A-HEI 9-300455 also proposes

(a) a process in which film is subjected to preliminary stretching
at a draw ratio of 1.5 to 2.5 times in the transverse direction at
temperatures of 100°C - 120°C, followed by stretching in the
transverse direction and the machine direction, and (b) a process in
which a preliminary stretching is performed at a draw ratio of 1.1
to 2.2 times in the machine direction at temperatures of 100°C - 120
C in addition to the above-described process (a), and shows films
that are strengthened only in the transverse direction.
Furthermore,-&P-A-SHO 58-145421 proposes a process in which film is
stretched in the two directions simultaneously at a temperature of
115°C or higher, followed by simultaneous biaxial stretching, with
the aim of producing thin films and increasing the production speed,
and shows films with small Young's modulus. Films produced by

these technologies, however, are not high in rigidity in all



direction, and shows filnms that are strengthened only in the [|ongitudinal
direction. Further, JP-A-HEl 9-300455 also proposes (a) a process in which
filmis subjected to prelimnary stretching at a drawratio of 1.5 to 2.5
times in the transverse direction at tenperatures of 100[err]C - 120[err]C
, followed by stretching in the transverse direction and the nmachine
direction, and (b) a process in which a.?relininary stretching is
performed at a drawratio of 1.1 to 2.2 tinmes in the machine direction at

terrperatures ddition to the, g}lioove descri bed

f 100[err

process (a), éﬁa %’h‘%\ﬁs ‘}"?Clcr?\?m? I‘fﬁ%v%trdé‘esP’F%bzlﬁf“ﬁearfgacbﬁef VAR RPPLY S ver se
direction. RHel RELE. oo Bné SAEBhISIZL U OBRSES FodbiBERSS:dpR, Wi Ch
filmis stretched in the two directions sinultaneously at a terrperature of
115[err] C or higher, followed bwugixry bansmisnbeeedosl stretching, with the
ai mof producing thin filnms and Tncréasing the producti on speed, and shows
films with small Yoamgis amodbjasst. O?iﬂmpmm&cwelwiom Hes erevickenol ogi es,
however, are not_ hi in i recti ons and cannot
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resistant to deformatlon under load, and serves as base film for

high density magnetic recording media that show particularly high
travelling durability when used as data-recording tapes and improved
preservability in tape's service environment, and provide their
production methods.

The present inventors have carried out studies to saolve
these problems, and achieved the invention after finding that film
having a certain structure and certain physical properties after
biaxial stretching and thermal treatment can serve to prodﬁce
polyester magnetic recording tapes with reduced edge damage,
increased travelling durability and improved preservability.

A biaxially oriented polyester film according to the present
invention is 7.0 GPa or more in at least either the Young's mocdulus
in the machine direction (YmMD) or in the transverse direction
{YmTD), and in the range of 55° or more and 85 ° or less in the
circumferential half-width of the diffraction line from the crystal
plane in the direction of the polyester's backbone chain that is
determined through crystal orientation analysis by wide angle X-ray

diffractometry performed while rotating the polyester £ilm around its



bi axi al |l y- ori ented polyester filns that are high in rigidity in al
directions in the filmplane, high in dinensional stability, and resistant
to deformation under |oad, and serves as base filmfor high density
magneti c recording nmedia that show particularly high travelling durability
when used as data-recording tapes and i nproved preservability in tape's
service environnent, and provide their production nethods. The
present inventors have carried out studi to solve these problens, and
achieved the invention after finding that film having a certain structure
and certain piorsrtéal properties after biaxial stretching and thermal

treat nent can serve to roduce %)ol éester %%netl c recordin es with
reduced edge damage,F I MRcteREBRPT bR §1°nET Piéb’rqvef‘fll%'hd’avgrp?

preservability . iie emboﬁy'%@%:&%l LY. iheRtied po! yester filmaccor d| ng to

the present ‘invention i1s or nore in at |east either the Young's

modul us  in the fREChirpeesl 86t i N ¢y PyeSer'8 bdvkbbhathe@hSEi icke6s | N
(YMID), and in the range of 55 or nore and 85 or less in the
ci rcunf erent i40lA het fmomedartl 80 Aherdiéds.action |ine fromthe crystal plane

in the directjon of the golyester s backbone chain that is determ ned
through cryst@’ Bh¢ &eaP &l‘i‘eaﬁéﬂnﬂsf’s‘“‘lﬂ}”ﬁfo"é’ shgimeckipe Airgriiqny d¥miRY ry

performed whilg [Q1AG1LNGd RE.PANEE &l rebbi SR AL i1 P3 cpa or more ana

25 GPa or less, and the Young's modulus in an diagonal direction
{45 ° or 135 ° ) is 6 GPa or more and 10 GPa or less.

(¢) The creep compliance after being left for 30 minutes under the
conditions of a temperature of 50°C and a load of 28 MPa is 0.11
GPa ! or more and 0.35 GPa ~! or less.,

(d) The propagating tear stréngth of the film, converted to 5y m
thickness, in the transverse direction is 0.7g or'more and 1.ég or
less.

(e) The polyester is polyethylene terephthalate.

(f) At least either the ratio R: (=Iyp /I yp) of the peak intensity
in the machine direction (I yp) to that in the norﬁal direction (I,
p ) at 16l5cm ~* measured_by laser Raman scattering or the ratio R.
(=I ¢p/Ixp) Of the peak intensity in the transverse direction (I¢p)
to that in the normal direction (Iyp) is 6 or more,

(g) The refractive index in the normal direction (n ;p) .is 1.470 or
more or 1.485 or less, and the planar orientation index (f,) is
0.175 or more and 0.195 or less.

{h) The density of the film is 1.385 or more and 1.400 or less.



5 normal: Filns as proposed by the present invention have such
favorabl e enbodi nents as descri bed below. (a) The crystal size in the

pol yester's backbone chain direction is 45A or nore and 90 A or less. (b)
The sum of the Young's nodulus in the machine direction (YmVvD) and that in
the transverse direction (YnTD) is 13 GPa or nore and 25 CGPa or |ess, and
the Young's nodulus in an diagonal directigon (45 [err] or 135 [err] ) is 6
GPa or nore and 10 GPa or less. (c) The creep conpliance after being |eft
for 30 m nutes under the conditions of a tenperature of 50[err]C and a

| oad of 28 MPA1) sThy Beat @bainkage] skartipg ctempdr 9-w3s QPathFeme Gls ves"e or( d)
The propagatl n tear st.re m, converted to 5

t hi ckness, X rgn%VeEg%pﬁ%féﬁ¥igﬁnan G RS ARY % °§né° i’c8§s of5Y es5s.

(e) The poI yegggg. i s polyethylene terephthalate. (f) At |least either the
ratio Rlerr] (=I[err] /I [err]) of the peak intensity in the nmachine

direction (I [err]) bech basxidliyheriraesnlpoliyeedr emd Eeééﬂdlng[e{:é]th)e at
1615cm [err] neasured by | aser Raman scattering or the ratio err] (=l
[err]/1[err]) Pogsanfieiprealtipmtasndesqribad tdtever sarseefs@rdblecis dasé |fidhs to

that in the ngrmal direction (IND) is 6 or nore. (g) The refractive index
in the normal *OF MB8R| APsEhY [applic jrecqrifpg mediappeiecsroatatds erpracidersand

the planar orjentati o 098Xl (88, is 0.175 or nore and 0.195 or |ess.

Desirable polyester film production methods according to the
present invention include, bﬁt not limited to, production methed
{I) and production method (II)} described below.

Production method (I) is a biaxially oriented polyester film
production method wherein substantially amorphous polyester film is
stretched biaxially in the machine direction and the transverse
direction so that the birefringence (A n) and the crystallinity of
the film become 0 - 0.02 and 6% or less, respectively, and then the
film is subjected to second transverse stretching at a temperature
lower than the température for the preceding transverse stretching,
followed by second longitudinal stretching.

Production method (I) for producing biaxially oriented
polyester films of the invention shall have the favorable
embodiments as described below:

~(a) The ratio (A/B) of the maximum tﬁickness of the edge part of the
substantially amorphous polyester film (A) to the thickness at the
center of width (B) is in the range of 2.0 - 6.0.

Production method (II) is a biaxially oriented polyester



(h) The density of the filmis 1.385 or nore and 1.400 or |ess.

(i) The heat shrinkage starting tenperature.-of the filmis 70 [err]C or
nore, and the heat shrinkage at the tenperature of 80 [err]Cis 0.5% or
| ess. Such biaxially oriented polyester filnms according to the
present invention as described above serve favorably as base filns for
hi gh density magnetic recordi ng nedi a, elgctrostatic capacitors, and
thermal transfer ribbons. Desirabl e polyester film production
met hods according to the present invention include, but not limted to,
producti on mefH@dPr¢quction meithedithrbncamprherE (thrye désertlidad pedrsw

Production nethod_él%hiﬁ a biaxially orientnggol¥ester film production
met hod wher ei ‘FeEabY t h EPaI TN SEntre R ot 1F6F§e8rar °39Y MR tssFregtehed
praxtally in gg0paiscel heehiNa8ftbdiBR ddAREY UraReydldeChlION 30 (DAL
the birefringence (['err] n) and the crystallinity of the filmbéconme 0 -
0.02 and 6% OJin@Esnedu€SPe! bVednperatitked BRNtHN@andd bl {Foiyebi&ctedi1i s
second transverse stretching at a tenperature |ower than the tenperature
for the preceddiangitiansenpegatete dgchiifg, T fiot [(Bowed 45y FTecoddad crrgit dncivnal
stretching. . Production nethod (1) for producing biaxially oriented

ratio of 2 to 7 times, and subseqguently in the second step, the fiim

is stretched biaxially in the machine direction and the transverse

direction simultaneouély at a temperature in the range of (Tg - 15)

C to (Tg + 10) C and an area draw ratio of 4 to 16 times, and in

the third step, the £ilm is further stretched biaxially in the

machine direction and the transverse direction simultaneously at a

temperature in the range of (polyester's melting point Tm - 130) °C

to (Tm -~ 10) C and an area draw ratio of 1.5 to 5 times.

Production method (II) for producing biaxially oriented

polyester films of the invention shall have the favorable

embodiments as described below:

{a) The stretching in the third step is performed in two or more

stages of temperature ranges.

(b) The temperature of the film grips that hold the edge of the film

is in the temperature rénge of (polyester's glass transition

temperature Tg + 15)°C to (Tg + 50) C.

{c) The film produced by the simultaneous biaxial stretching in the

first step has a birefringence (A n) of 0 - 0.02 and a crystallinity

of 6% or less.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS




pol yester filnms of the invention shall have the favorable enbodinments as
descri bed below. (a) The ratio (A/B) of the maxi numthickness of the edge
part of the substantially anorphous polyester film(A) to the thickness at
the center of width (B) is in the range of 2.0 - 6.0. Pr oducti on
method (11) is a biaxially oriented pol yester

7 filmproduction nmethod that conpriseg three stretching steps, wherein
in the first step, non-stretched cast filmis stretched biaxially in the
machi ne direction and the transverse direction_  simnmultaneously at a

tenperature in the r"ﬁ‘t‘?gén‘b?nt(*BBI’gFe§f‘53raJ§‘e§Ihaﬂ§§mf‘fr%?ﬁsi“P|“15’i‘iet%?ﬁj’é'flature Tg +
25) [err]C too%Tg g}rr%g:egrq. gn %roggmglrtgw ratio of 2 to 7 tines, and
ﬁe secon fie Tl

subsequently i I's stretched biaxially in t he

machi ne direction anget b@l,ters@eﬁyex@erréh £68Cid @Re SprBskhaNgREaLYorlard
tenperature in the range of (Tg - 15) [err]Cto (Tg + 10) [err]C and an
area draw ratdefioéd 4st polfreirsneisst ane prepatdie thhough shemontihesftilom i s
further stretched biaxially in the machine direction and the transverse
direction si mAMNWEREHRISLGn AF 8 d’c‘érrﬁ@‘?ét Glléa‘?'??xt’hbc r&hte dLcppeRayddcer’ s

g?l g_l ggt gOISntat -I,Ii;g]g 1nc%u)ie tere]phthallc ac:.d_, c?ph[tﬁa.{lccacgg pﬂtﬁrlelaé gL?XV ratio

naphthalene dicarboxylic acid, adipic acid, and sebacic acid.

Diols include ethylene glycol, trimethylene glycol, tetramethylene
glycol, and cyclohexane dimethanol. Specifically, useful

polyesters include polymethylene terephthalate, polyethylene
terephthalate, polypropylene terephthalate, pelyethylene
isophthalate, polytetramethylene terephthalate, polyethylene-p-
oxybenzoate, poly-l,4—cyclohexy1eﬁé dimethylene terephthalate, and
polyethylene-2,6-naphthalate. ﬁeedless to say, these polyesters

may be either homopolymers or copolymers, with the copolymerization
components being, for example, such diol components as diethylene
glycol, neopentyl glycol, and polyalkylene glycol, and such
dicarboxylic acid components as adipic acid, sebacic acid, phthalic
acid, isophthalic acid, and 2,6-naphthalene dicarboxylic acid. From
the viewpoint of mechanical strength, thermostability, chemical
resistance, and durébility, favorable ones for the invention

i;clude polyethylene terephthalate, polypropylene terephthalate,
polyethylene isophthalate, polyethylene naphthalate (polyethylene-2,
6~naphthalate), and their copolymers. In particular, polyethylene

terephthalate is highly desirable for the invention in terms of film



Production nethod (11) for producing biaxially oriented polyester filns of
the invention shall have the favorable enbodi nents as descri bed bel ow

(a) The stretching in the third step is perforned in two or nore stages of
tenperature ranges. (b) The tenperature of the filmgrips that hold the
edge of the film is in the tenperature range of (polyester's glass _
transition tenperature Tg + 15)[err]Ct@ (Tg + 50) [err]C  (c) The film
produced by the sinultaneous biaxial stretching in the first step has a
birefringence ([err] n) of 0 - 0.02 and a crystallinity of 6%or |ess.
DETAI LED DESCRYPTRCERF HHt I TR SRRFERREDT FVE@DE MENFSViscosity (IV) of the  The

i nvention is ' herei nafter .in nore tail . tqQgether with the
preferred emgﬁ’yﬁ%%€§$° Beeld & 9 BF esrfgf%%reef'érﬁ?‘gdrf‘bgel Rfthef Stégent
nventi on ar eor Gkbnah 450 AR MTBE 5Bl ACLRE SRALEC BT QUGN /EE: nore
condensati on polynerization of a di of and a dicar oxylic acid. . _

Di carboxyl i ¢ amciodso iqiokhude teakepdiingabhetiaaiskiy sopirabalitraactsle phthalic
acid, naphthal ene dicarboxylic acid, adipic acid, and sebacic acid. Dols
i ncl ude et hyl BYf¥PEERe Rf £i14 ferninerbititycofineneionateshybidiey, and tear

resistance.

Any biaxially oriented polyester f£film of the invention shall
be 7.0 GPa or more at least in either the Young's modulus in the
machine direction (YmMD) or that in the transverse direction (¥YmTD),
and shall be in the range of 55° or more and 85° or less in the
circumferential half-width of the diffraction line from the crystal
Plane in the direction of the polyester's backbone chain that is
determined through crystal orientation analysis by wide angle X-ray
diffractometry performed while rotating the polyester film around its
normal. The circumferential half-width of the diffraction line
from the crystal plane in the direction of the polyester's backbone
chain represents the broadening of the distribution of the
orientation directions of the crystals in the biaxially oriented
polyester film. If the half-width is less than 55 ° , the
pPropagating tear strength of the film will be small, easily causing
tape breakage, whereas if it is more than 85° , it will be
impossible to produce a film that is strong in all directions in
the film plane, and the goal of the invention will not be achieved.
The crystal plane in the direction of the polyester's backbone

chain as referred to herein is the crystal plane that is detected as



gl ycol, and cycl ohexane di net hanol. Specifically, useful polyesters

I ncl ude pol ynet hyl ene terephthal ate, pol yethyl ene terephthalate,

pol ypr opyl ene terephthal ate, polyethylene isophthalate, polytetranethylene
t erepht hal ate, pol yet hyl ene-p- oxybenzoate, poly-1, 4-cycl ohexyl ene

di et hyl ene terephthal ate, -and pol yet hyl ene- 2, 6- napht hal ate. Needl ess to
say, these polyesters nmay be either homagol yners or copolyners, with the
copol ynmeri zati on conponents being, for exanple, such diol conponents as

di et hyl ene gl ygal , neopentyl glycol, d _pol yal.kyl ene g] ycol.,. and such

i car boxyl | c A eafERRentl 4 e, medl APl QR £ E0PteY SiER IR aci o
I sophthalic aglghai12pd: e ﬁéé’?aqmcﬁaér%nSoﬁef‘s%EP&Qahﬁb | hadfif Whn ' other

vi ewpoi nt of mechani cal” strength, thernobstability, chem ca resi st ance,
and durabi | i tyzystavoprahle onessf priothepidneensi @olyéirghusle dgeekyridnilese
terepht hal ate, pol ypropyl ene terephthal ate, polyethylene isophthalate,

pol yet hyl ene #rbHthéd atpdatpdlogepdipeshrlehe-266 maphtirliagee) ,Thanabavrei r
copolymers. In particular, polyeﬂﬁylene ter%fhthalate i s highly desirabl e
for the invent§Tiores MBLAEWIHEDT ppqfild preferably be.in thet g3n9g PESSUndopri ce.

The i nt LL”?L&&%’J%E""%E@V algég/)legtg, LG BOINSBIS 1n! PndGaUTEDSROYI S RigLerably
and 80° or less, to achieve the effect of the invention.

If both the Young's modulus in the machine direction (YmMD)
and that in the transverse direction (YmTD) of the Young's modulus
is less than 7.0 GPa, the film will be too small in rigidity, and
thin film produced from it will easily suffer elongational
deformation under stress {especially in the machine direction) and
edge damage‘kespecially in the transverse direction). Either of
the Young's modulus values, ¥mMD and YmTD, should more preferably
be 8 GPa or more from the viewpoint of the tape's elongational
deformation and edge damage.

For the present invention, the crystal size in the film in
the polyester's backbone chain direction should preferably be in
the range of 45 3 or more and 90 & or less. Here, the polyester's
backbone chain direction is defined as the direction of -the normal
'of a crystal plane that is nearest to the direction of the
polyester's backbone chain. It is the direction of the normal to
the (-105) plane for polyethylene terephthalate and (;306) plane for
polyethylene-2,6-naphthalate. If the crystal size is less than 45

A , the resulting tape will suffer a large elongational deformation,



or nore and 1.0 dl/g or less, with the range of 0.65 dl/g or nore and 0.80
dl/g or less being particularly desirable fromthe viewpoint of film
formng ability, dinmensional stability, and tear resistance. Any
bi axially oriented polyester filmof the invention shall be 7.0 GPa or
nore at least in either the Young's nodulus in the machine direction
(YmVD) or that in the transverse directiogn (YnmrD), and shall be in the
range of 55[err] or nore and 85[err] or less in the circunferential

hal f-wi dth of the diffraction line fromthe crystal plane in the direction
of the pol yesﬁé‘i’e dapagkhané ThRdiAlthdurirg SG@%Wﬁe‘EP'{“ﬁF@)’E@?dCF?B%-aI if
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of the polyester one aln represents t enlng 0

di stribution géigdiger aide@nt aﬁdzo@oﬂydtagném&eeépﬂdnmﬁey,stlal Shduvllat he
biaxially oriented polyester film If the half-width is |less than 55 ,
the propagat preferehty ster éngtiie otngdeff $0.4n w’rlttorlseas&rwISI ,A etasilbyscmieﬂg

t ape breakage, whereas if it is nore_than 85Eerr] irg;ossi bl e
to produce a PFERTERLY instht (iongeidf PR A% BREF GRE ?‘h J?‘tﬂé ]f‘islsm pHafde and

the goal of tpﬁ 1JdlCERNAR W o1 Q0nIRRECH 2K enallE: CIeHS! Alndd! 8P%q ) Lhe
di rection of € po yester S one ain as referred to Herel t he
crystal planeot h@frel Sndl@lsegt &3 38ss is further more desirable.
For the films of the present invention, the sum of the
Young's modulus in the machine direction (YmMD) and that in the
transverse direction (¥YmTD), i.e., YmMD + ¥YmTD, should preferably be
in the range of 13 GPa or more and 25 GPa or less, and the Young's
modulus in the diagonal direction should pfeferably be in the range
of 6 GPa or more and 10 GPa or less. The Young's modulus in the
diagonal direction referred toc above is defined as the Young's
modulus in the film plane in the direction of 45° or 135° assuming
that the machine direction and the transverse direction of the film
are in the direction of 90 ° and 0 ° , respectively. If said sum
of the Young's modulus values is less than 13 GPa and the Young's
modulus in the diagonal direction is less than 6 GPa, the film is
likely to suffer elongation deformation under stress. Conversely,
if said sum of the Young's modulus values is more than 25 GPa and
the Young's modulus in the diagonal direction is more than 10 GPa,

the film is likely to suffer deterioration in tear resistance and

heat shrinkage properties, making it difficult to achieve the effect



10 a diffraction line by wwde angle X-ray diffractonetry with its nornal
bei ng nearer to the pol yester's backbone chain than any other crystal
plane. It is (-105) plane for polyethylene terephthalate and (-306) plane
for polyethyl ene-2, 6-napht hal ate. The above- nentioned hal f-w dth should
preferably be in the range of 60 [err] or nore and 85 [err] or |ess, nost
desirably in the range of 65[err] or m)rqbz and 80[err] or less, to achieve
the effect of the invention. oth the Young's nodulus in the
machi ne direction (YnVD) and that in_the transverse di rectl Qn nrD) of

the Young' s nPfidirgsinyantiers {TRersem §fCple YPPRI £ PRTHAUS *HST 'BE(C Hal in
Lordity, and,, LBl (AR SMCRRRS KAMAL cbbly B8l SIS pkongat ona

def or mati on ufHECtePP ¢ speC| at in the nmachi ne rection) edge

damage (especigld ¥ ifrd, hehéﬁﬁnﬁx% %ﬁe@efﬁﬁyl p)in Ehd hahgefor hecPéowiry' S
nodul us val ues, YnmVD and YnmID, should nore pref erably be 8 GPa or nore

fromthe vi eV\ﬁﬁdﬂan@fﬂI lceat@pdess elamg'elte onahg * sd @b vt llmrt@nél%ﬂgéldanage
For the present invention, the crystal size in the filmin theggol yester'

backbone chai fitfictaer ieushddre prefearhEY Pebth ithe Fanger Qhgk SBF 95 "RTSr nor e
R e Rl E R R
to the direct 1:941: %tleI‘ hﬁle QQAey%§.Ex§rar§i bReckopecL h:ahﬁ'ltlloﬁ'xs' &t tdhe digsciheon of
the normal to

ratio of YmMD and ¥YmTD, i.e., YmMD/YmTD, should preferably be in

the range of 0.6 - 1.3, more preferably in the range of 0.7 - 1.2,

in order to reduce edge damage. If a magnetic layer is added to

the base film to increase the rigidity, ¥YmMD should preferably be

6.0 GPa or more, and YmMD/YmTD should preferably be in the ranges of

0.6 - 0.9.

For the present invention, the creep compliance of the film
ieft for 30 minutes under the conditions of a temperature of 56 °C
and a load of 28 MPa should preferably in the range of 0.11 GPa™?
or more and 06.35 GPa ~! or less. For the invention, if the creep
compliance is more than 0.35 GPa !, the tension that takes place
during travelling or storage of the tape will likely to cause
elongational deformation of the tape, leading to shifts of tracks
during data recording. Copversely, if the creep compliance is less
than 0.11 GPa~', tape breakage will take place frequently. For
the present invention, the creep compliance should wmore preferably
in the range of 0.15 GPa ~! or more and 0.30 GPa "' or less. The

creep compliance for this invention is as defined on p.150 in *®



the (-105) plane for polyethylene terephthalate and (-306) plane fof
pol yet hyl ene- 2, 6- naphthal ate. If the crystal size is less than 45 A, the
resulting.tape will suffer a |arge el ongational defornation,

edge danmage,

and stability during storage of manufactured tape. If the

crystal size is nore than 90 A tape breakage wll take place at an
I ncreased frequency. The desirable crystal3 size depends on the polyester
used. For polyethylene terephthalate, it should preferably be in the range

of 50A or nore .and, 85

nor._e ef er abl of 5

A I : in th A or,
nore and 80 AK%WunISBE’sk.agF‘FLt"rf’e%%pﬁﬁrklégflé&{“lﬁé%“ ngpéfymerecﬂe%qggry) 23 58!
pol yet hyl ene- g,,6+aaphtiakal Suab e f @ange of 50 A or nore and 65 A or |ess

is further

nore desirabl e. For the filns of the present invention,

the sum of the Youngh:s thelawsally bbeertahpoyedtérdinmg (£YRND) idedtib@f 1 n
the transverse direction (YmMID), i.e., YnVD + YniID, should preferably be
in the range Ufe PBor¥eténg riag skmknaSh Gatbe fidws, canvdrtere t¥obmgt s nodul us
in the diagonal direction should preferably be in the range_. of 6 GPa or

nore and 10 CPHkpeftsdn thee tYARFHPISe nbREChion FRoMd PIPLRIRRAN R b6t Fonge
referred to agp\ﬁ(?li\g)sord%%ié%eaqxdai.g%h%rY %s”stg.' fﬁomﬂg'&%ekgiénh,efLLLﬂx%é%gﬁ in
or g a e

the directi on of

assum e machine direction an

transverse digRChikOpafthibfacair! Brength in the transverse direction should

more preferably in the range of 0.8g or more and 1.5g or less.

The polyester to be used for the invention should preferably
be polyethylene terephthalate, as described above, and for the film
of the invention in this case, at least either the ratio R, (=I
/Iyp) of the peak intensity in the machine direction (I 4p) and that
in the normal direction (I yp} at 1615cm ~*' measured by laser Raman
scattering or the ratio R, (=I ;p/Iyp) of the peak intensity in the
transverse direction (Iyp)} and that in the normal direction_(I Kp)
should preferably be 6 or more. The ratio R, (=I yp/Ixp)} of the
Peak intensity in the machine direction (I 4p) and that in thé
normal direction (I xp ) at 1615cm~! measured by laser Raman
scattering and the ratio R: {=I;p /I yp ) of the peak intensity in
the transverse direction (I ;p) and that in the normal direction (I
np) are related to the intensity of orientgtion in the machine
direction and the transverse direction, respectively. However, the
1615cm ~* Raman band used for the invention is attributed to the
C=C stretching vibration (py C=C) of the benzene ring, and its

intensity depends on the packing of benzene rings. For biaxially



.are in the direction of 90 [err] and O , respectively. If said sum of the
Young's nodul us values is less than 13 GPa and the Young's nodulus in the
di agonal direction is less than 6 GPa, the filmis likely to suffer

el ongati on deformati on under stress. Conversely, if said sumof the
Young's nodul us values is nore than 25 GPa and the Young's nodulus in the
di agonal direction is nore than 10 GPa, 14 he filmis likely to suffer
deterioration in tear resistance and heat shrinkage properties, naking it
difficult to achieve the effect

12 of the iWEREPDFIIThelrs BATOICHAR VOGPt EnTOEI968erde EhanHeGrPRy. on
direction (Ynoa0chbat i) LIS dignonanRe dokogld Sl M Dhocdeitn, D *

YmTD, should nore prefera e range o nor e

or less, and serw@goaué@éuhmﬂgmi fh&;rdh@@l@ﬁéh ifllafh @Cdir@Be Shulid ppg e
preferably be in the range of 7 GPa or nore and 9 GPa or |ess. Though

dependi ng on tile plyiedi &y lehst heithmgnet ithe DaahsDseraties Ifasette mavandd t he
service conditions of the tape, the ratio of YnVD and YniID, i.e.,

YmVDY YniTD, stfﬁ‘lfleat’ﬁﬁ‘b?é?a%ethﬁVﬁrs? H’érFﬁﬁ’g’é"o& @ng B: 1 sBouMbre preferably
I n the range of order taq graq)?ﬁ ge damage | f..a magnetic

| ayer is addédS ferakf]l’(e%%as fﬁ'r']?‘?ﬁ ‘1 82T h&F&a% Mrglatsy, FBeshoul d

preferably b&roguction of magnetic recording media, in particular, it is further
more preferable that the intensity ratio for the transverse
direction, R:, is 6 or more.

For biaxially oriented polyethylene terephthalate films of
this invention, the refractive index in the normal direction (nzp)
should preferably be in the range of 1.470 or more and 1.485 or less,
and the planar orientation index (f , ) should preferably in the
range of 0.175 or more or 0.195 or less. For the invention, if the
refractive index in the normal direction (nzp) is more than 1.485
and the planar orientation index (£, ) is less than 0.175,
elongational deformation will become likely to be caused durihg the
travelling of magnetic tape by the stress applied on the tape,
leading to shifts of tracks. If the refractive index in the normal
direction (n ;p) is less than 1.470 and the planar orientation
index (f, ) is more than 0.195, the propagating tear strength of the
film will be small, and tape breakage will become likely to occu?.

For the film of this invention, the refractive index in the normal
direction (n;p) should more preferably be in the range of 1.473 or

more and 1.482 or less, and the planar orientation index (f, )



6.0 GPa or nore, and YnmVD/ YniTD should preferably be in the ranges of 0.6 -
0.9. = For the present invention, the creep conpliance of the fi-lm
|l eft for 30 m nutes under the conditions of a tenperature of 50 [err]C and
a load of 28 MPa should preferably in the range of 0.11 GPa[err] or nore
and 0.35 GPa [err] or less. For the invention, if the creep conpliance is
nore than 0.35 GPa [err], the tension theg takes place during travelling

or storage of the tape will likely to cause elongational deformation of
the tape, |eadjng 4 hifts r dur i ng dat recordln : ersely,
if the creep gié&rr%l | g?\%‘e pre gqsbsl& ?ﬁgtf\neori'lge a[(‘(;?alrlr%]0 °1 d5&° reaﬁgg Wl

take place fregsently. For the present invention, the creep conpliance
shoul d nore preferably in the range of 0.15 GPa [err] or nore and 0.30 GPa
[err] or less. The Eseepagbaylyl anbentfear pdiyieshy ranentéiphitha Psced €l imedbson
p.150 i n 13 Kobunshi - kagaku

Joron (An Int FMJGPPWW Pb‘?%/lﬁerls(}?eﬁhsﬂ%/)’rifﬁ#aEQY"be pabthsredgbyof

Kagakud ted polyester films of th
mvanti on. e ¥ GBS AR CedPTst RKEn PRI PLIolebhbR eRREiP] 87

m thi ckness, ¢(id dtensle%qgsygﬁré%hgﬁrle@.tagomhgy.!&uaggé eiramﬁg fﬂmt hel ange

of O. 79 or nore and g or ess. For the Invention, furt
be fixed sufficiently, causing deterioration in the preservabllity

of the tape, whereas if density is more than 1.400, the propagating
tear strength of the film will be small, leading to frequent
occurrence of tape breakage.

For biaxially oriented polyethylene terephthalate films of
this invention, the heat éhrinkage starting temperature should
preferably be 70°C or more and the heat shrinkage at the temperature
of 80°C should preferably be 0.5% or less from the viewpoint of the
elongational deformation and preservability of the tape. It is
more preferably that the heat shrinkage starting temperature is 75
‘C or more and the heat shrinkage at the temperature of 80°C is 0.3%
or less. TFor the present invention, -if the heat shrinkage starting
temperature is less than 70°C or if the heat éhrinkage at the
temperature of 80°C is more than 0.5%, the dimensional stability
will be likely to deteriorate, leading to thermal deformation being
caused when the magnetic tape is heated by the he;t of friction
between the travelling magnetic tape and the recording head, or
giving rise to deterioration in the preservability of the tape.

Biaxially oriented polyester films of this invention can



t he propagating tear strength in the transverse direction should nore
preferably in the range of 0.8g or nore and 1.5g or less. = - The

pol yester to be used for the invention should preferably be polyethyl ene
terepht hal ate, as described above, and for the film of the invention in
this case, at least either the ratio Rerr] (=I [err] [/[l[err]) of the peak
intensity in the machine direction (I [efgr]) and that in the norma
direction (I ND) at 1615cm [err] measured by | aser Raman scattering or the
ratio R2 (=l [err]/I[err]) of the peak intensity in the transverse
direction (1 TERredaterablynfehdhadirdrctiaieof i Higneris &eFPIIingnBatip

preferably be ar re. The r.atio r = rr [ of. .peak
intensity in %Ctﬁﬁgg??%é’ SRPECPoR (F§I[" s[é‘%er%h a‘%%nf %uél% rﬁhg%%se' aﬁ%?%a ik _
direction (I [efy ]thiéine]s@l?ﬁmﬁrflef&aﬁy%% bY dh@Seind22BRIg. 55CabE €fim)g and
the ratio Rlerr] (=I[err] /I[err] ) of the peak intensity in the
transverse di 8€fdrddfg (dn [tRELd Jusanahd Ipakpése.t heomehewroductidd off fdgneddy are
related to the intensity of orientation in the machine direction and the
transverse di ree1iddng weddpecthieyepyovidenkass fitmeuiteh fonhigrdpn/itian band
used for the invention is _attributed to ¢ C=C.stretchiing vi bration

([err] C=C) oPa9Mdifefrondtry ﬁ@?eihcfspf‘élamﬁﬁt'é%s%’f’f/e é’ﬁeﬁ%‘ga SKOFRE palkfng

22 benzene rlHggﬁetggrrégd%éiﬁgld%nsity should preferably be 30 GB (gigabytes)

or more, more preferably 70 GB or more, further more preferably 100
GB or more. The film thickness should preferably be in the range

of 1 g m or more and 15z m or less for the production of

conventional magnetic recording media, in the range of 2y m or more
and 10y m or less for the production of coat-type magnetic recording
media for data storage, and in the range of 3y m or more and 9 gm
or less for the production of evaporation-type magnetic recording
media for data storage.

For the production of electrostatic capacitors, biaxially
oriented polyester films of the present invention should preferably
be 0.5 - 15 g m in thickness, which leads to high stability of
dielectric breakdown voltage and dielectric properties.

For the production of thermal transfér ribbons, biaxially
oriented polyester films of the present invention should preferably
be 1 -~ 6y m in thickness, which permi£s highly fine printing without
suffering wrinkles or causing uneven printing, excessive ink transfer,
etc.

For the production of base paper for thermosensitive stencil



oriented film in particular, the intensity depends significantly on
factors other than the orientation. For the present invention, in order to
produce filmhighly strengthened in all directions in the filmplane, at

| east either of the intensity ratios for the machine direction and the
transverse direction, Rerr] and Rerr], should preferably be 6 or nore,
more preferably 7 or nore. For the prodyction of magnetic recording nedia,
in particular, it is further nore preferable that the intensity ratio for
the transversge . di.recti.on err], .is 6 or nore. . For biaxially

ori ented pol y%’f’ﬁl?/cllg?lé hﬁ@?‘%%ﬁ%’hﬁf%‘i’&eai Poigegrer fhies 9fvERts dRVertien
refractive in 14gn idecti (N uld. fe |y _be in the
range of 1. 47%?8(§1r n%{iﬁéﬁgﬂlg%g'%r F’e‘glg,lg‘ g}r@ k{lggg'p:wgh% epgrrlﬁlg% ation i ndex
(f [err]) shopdrtopaefer abl you Bnékyy, vaNGRi6A dt PEPEHat BN AiQheferk95 OF

| ess. For the invention, if the refractive index in the normal direction
(n[err]) is nigRenffem ob, WSS engnal tlewebl amdrhighi-gud Hitiyocoliaxdexifdingrr] ) is
| ess than 0.175, eIongationaI deformation will becone likely to be caused
during the t15N8I FE9RF20fPIAEGReti c tape by the stress applied on the tape,

| eading to shifts of,tr i f_t.h fr Lve index i.n.the normal
direction (n [err]) E;og Flg{’éatl%%nor ?ﬁ%ﬁegﬁgﬁﬁ%’ﬁﬁ Anar®© lﬁhéﬂ?ﬁ?i%ﬁmsi%ex
(flerr]) is naie ihamt@odd%net Hio-fAbOPAGRhhEE URAS o LROGIRNQEsdhe film
will be small, and tape breakage will becone likely to ocCur. For the film
of this invemmscondinctheurffoeashonid pnelerabhy theeinothenkangt pECbiDR (B[] )

shoul d nore preferablg be in the range of 1.473 or nore and 1.482 or |ess,
and t he p| anat',o 6?11%9?[ P? Cﬂ‘?‘sitﬁ'(’:l‘@( beﬂv%q.nr Icile magnetic head and the magnetic

tape to enhance the electromagnetic conversion properties. The
surface roughness (Ra) of the travelling surface, which is opposite
to the magnetic recording surface, should preferably be in the

range of 5 - 30 nm from the viewpoint of the handling of base film
and the winding of film to produce a roll. Controlling the
roughness of the two surfaces separately is highly desirable to
ensure both high travelling performance and high electromagnetic
conversion properties of the tape. This can be achieved.by co-
extruding two resin materials consisting of polyester and particles
with different diameters to produce a laminate film consisting of
two or more layers. Thin layer may be further added to the

magnetic fecording surface to produce a three-layered film. For a
two-layered film, the r;tio (a/B) of the thickness of the layer that
works as the magnetic recording surface (A) and the thickness of

the layer that works as the travelling surface (B) should preferably

be in the range from 80/1 to 3/1.



15 should nmore preferably in the range of 0.180 or nore or 0.193 or

| ess. For biaxially oriented polyethylene terephthalate filns of
this invention, the density should preferably be in the range of 1.385 or
nore and 1.400 or less. For the filmof this invention, if the density is
| ess than 1.385, the structures in the filmwll not be fixed
sufficiently, causing deterioration in tilge preservability of the tape,
whereas if density is nore than 1.400, the propagating tear strength of
the filmwll be small frequent _occurrence of tape breakage.

, leadipng to
For biaxially ori entPé’dyf)iﬁVefh SoRE TS BRI APEHPRE ST SO i nventi on,
the heat Sh”'%@?&‘n‘%t Qitéﬁ'{;&lnﬁgrﬂ%ﬁﬁ:%ws‘? ShOWeder NG Gh ARl PELO[ €rr] C or
at shrin t 0 d]C S d

more and the he kage at e tenperature of 80[err oul
preferably beinQi68myr ok st ibh OIAHiIBEL oY ,CWROisHat0E ddeqt, elrangafdwanal
deformati on and preservability of the tape. It is nore preferably that the
heat shri nkagacdeatritonnggdrgnpefleyumey i®ntdin [aesrill emowmy @fapichdrheehiat
shrinkage at the tenperature of 80[err]Cis 0.3% or less. For the present
i nvention, i fSUFRerh@afoRNFeakeh&estartiong backhprs shaie Goatpas meRagenic

70[err]Cor if the heat.shrinkage at.the _t erat.ure of 80[err]Cis nore
than 0.5% tﬂem‘d?srrénslq criy a'%ll ?f’f"y“‘gwst“ %g;gfi‘f(nelé))/'to deteriorate,

Fohal

leading to thernal dgERrdMpbh i@l Plkins whose backbone chain contains
mesogenic g;oups include copolyester produced from a monooxy-
monocarboxylic acid compound, aromatic dihydroxy compound, aromatic
dicarboxylic acid, alkylene diol, etc. Such monooxy-monocarboxylic
acid compounds include p-hydroxybenzoic acid and 6-hydroxy-2-
naphthoic acid. Such aromatic dihydroxy compounds include 4,4'-
dihydroxy biphenyl, hydroquinone, and 2,6-dihydroxy naphthalene.
Such aromatic dicarboxylic acids include terephthalic acid,
isophthalic acid, 4,4'—dipheny1 dicarboxylic acid, 2,6-naphthalene
dicarboxylic acid, and 1,2-bis(phenoxyl)ethane-4,4'-dicarboxylic
acid. Such alkylene diols include ethylene glycol, and butanediol.
The mole ratio (M/N) of the sum (M) of the quantities of the
copolymerized monooxy-monocarboxylic acid compound and the
copolymerized aromatic dihydroxy compound and the quantity (N) of
the copolymerized alkylene diol should preferably be in the range
from 80/20 - 50/50. Desirable copolyester to be added to
polyethylene terephthalate film or polyethylene naphthalate film
include those produced from hydroxybenzoic acid, 4,4'-dihydroxy

biphenyl, ethylene glycol, terephthalic acid or 2,6-naphthalene



caused when the magnetic tape is heated by the heat of friction between
the travel ling nagnetic tape and the recording head, or giving rise to
deterioration in the preservability of the tape. Bi axially
oriented polyester filnms of this invention can
16 serve favorably for the production of nmagnetic recordi ng nedia,
el ectrostatic capacitors, and thernal t#4nsfer ribbons, and their film
t hi ckness shoul d preferably be in the range of 0.5 - 20 [err] m - dependi ng
on their use and xyEose For roduction, of

[

ti nmedi
Chey or ovi de BASESIIAE Sifieet nTUHIHERATESS HugHe THieakes diny Thepae -

especially tq,th 0§, %tgh t 96 ¢ Bhg TeUME&ldsC recording denS|ty
shoul d prefe?ﬁbly 9 e d?égﬁgtes nore, nore preferably 70 GB or

more, further nore phefﬁfo&bl-deé&@.bec{ﬁnaigm&pafﬂleléﬁ | incihaeknrEsashoul d
preferably be in the range of 1 [err] mor nore and 15[err] mor less for
t he producti dambfed ¢convaurhi onkdesnagreitlicon exddeli rdunbalimaoxide + megnesiga of
2[err] mor nore and 10 .[err]mar less for the production of coat-type

magneti ¢ recOFdTTry arfebitanitn qrdds: s*t“&?‘a@‘@“f’l&ﬁf"ilﬁefh%s FaRGE o33 e A m or
more and 9 g, ghtxPc; 11?%@&9%&&6 cQEB’&%@e%C’J‘s Qb1 EMAPRL ARt YRG BBENG!! C

recording ne
carbonate, such sulfates as calcium sulfate, and barium sulfate,

such titanates as barium titanate, and potassium titanate, and such
phosphates as tribasic calcium.phosphate, dibasic calcium phosphate,
and monobasic calcium phosphate. Two or more of these may be used
together to achieve a specific objective.

The above-described organic particles include, but not
limited to, particles of such vinyl materials as polystyrene,
crosslinked polystyrene, crosslinked styrene-acrylic polymers,
crosslinked acrylic polymers, crosslinked styrene-methacrylic
polymers, and crosslinked methacrylic polymers, as well as such
other materials as benzoguanamine formaldehyde, silicone, and
polytetrafluoroethylene. Any other particles may be used if at
least a part of the particles are fine polymer particles that are
insoluble to the polyester. Said organic particles should
preferébly be spherical and have a uniform diameter distribution in
order to ensure high slipperiness and uniform protrusions formed
over the film surface.

The desired diameter, content, and shape of the particles

depend on the use and objective. Generally, however, their average



For the production of electrostatic capacitors, biaxially oriented

pol yest-er filns of the present invention should preferably be 0.5 - 15
[err] min thickness, which leads to high stability of dielectric

br eakdown vol tage and dielectric properties. For the production of
thermal transfer ribbons, biaxially oriented polyester filnms of the
present invention should preferably be 20- 6[err] min thickness, which
permts highly fine printing without suffering winkles or causing uneven

printing, excessive ink transfer, etc For the roducti on of base
paper for theiiPeEPKishpyid Rrefeiibly be in the range of 0.01y M of more and

17 Printing. 0gxiplly on) oRLEd ARLYRSLRbuld LB At npn?e 40VERU Qg Spou o

preferably be# érr‘] ness ts easy perforation

at | ow energyg, 0\6§r,j,@t Io2NnéXe RBEfORLARLI &N 1diganeters depending on the energy
| evel , and hlgh quality color printing using several plates. For

bi axi aI |y oriented pmleyebdwd ansciioréphtshakattdati bimxiolly tdyiientewenti on, the

surface roughness (Ra) of the magnetic recording surface should preferably
be in the rarREdyester lemiwlﬁhatScPePb%th‘cét’t“Fﬁst“dFs‘%“&n&é°$fe‘tt\ké§n°at%ée%net iC

e e e FRELay L2R5 k0 306G e Sls3) " RITRARES LB PN 2hB
because they can reduce tape breakage and enhance the travelling
durability and preservability. Desirable methods to produce these
biaxially oriented polyester films of this invention are described
below., Needless to say, the description givén below does not place
any limitations on the present invention unless it extends beyond
the scope of the invention.

The machine direction, abbreviated as MD, may also be called
the longitudinal direction in relation to the stretching process
for film formation, while the transverse direction, abbreviated as
TD, may also be called the transverse direction in relation to the
stretching process for film formation.

The biaxially oriented polyester films of the present
invention consist of a melt-molded polyester resin sheet that is
oriented by sequential biaxial stretching and/or simultaneous
biaxial stretching in the machine direction and transverse
direction. Such a sheet is produced by carrying out biaxial
stretching several times at different temperatures to achieve a
very high orientation. Desirable production methods include, but

not limited to, production methods (I) and (II) described above.



surface roughness (Ra) of the travelling surface, which is opposite to the
magneti c recordi ng surface, should preferably be in the range of 5 - 30 nm
fromthe viewoint of the handling of base film and the winding of filmto
produce a roll. Controlling the roughness of the two surfaces separately
is highly desirable to ensure both high travelling performance and high

el ectromagnetic conversion properties of;jthe tape. This can be achi eved by
co- extruding two resin naterials consisting of polyester and particles

hor ¢ ?;;Lreg.engrh?harea’%fg‘;% e lbaor athar ChlacmeqismErel SRRELE! 2P Elnsnl0e O
surface to pr?ﬁll én}y ?grt%]pgxéﬁgfzg:ef (h&RealFREr 2 reEMe‘da}fgrfsd PE:‘EB giltkhesratio

(A/B) of the ss o] ayer that works as the magnetic recording

surface (A) a&léisctnseé hieabiess apfexdnpgel ayer that works as the travelling
surface (B) should preferably be in the range from80/1 to 3/1.
18 Pol yesteylleks me oblxettétypﬂe%éﬁreﬁﬂmheh{i?%r{ lﬁhilr%nt’aﬁf?ﬂty-

i norganic or anic particles, and other var
oxi dati on i nh?bqgst Gﬂ/gaﬁtlr"‘ﬁ &F?ES‘afg‘é’ﬁt te'%ﬁ?daﬁ?%fgggf a%d‘Jt'JCI ’&&t%”%nc U%It ngThey
my contain a5l s aThual deofligy Ggel %cuayc*zeast@agoasurm;er resin

whose backbon€ con alns neso
maintained at a temperature of 270 - 300°C , and extruded through a

T-die to produce a sheet. This molten sheet is allowed to adhere
over a drum with a cooled surface of 10 - 40 °C using static
electricity to ensure close contact, so that substantially amorphous
non-stretched cast film is obtained. During this procedure, the
refractive index in the machine direction and that in the transverse
direction should preferably be controlled in the range of 1.570 - 1.
575 while the crystallinity should preferably be maintained at 1.5%
or less, more preferably 1.0% or less, in order to produce a film

of the present invention. Furthermore, the ratio (A/B) of the
maximum thickness of the edge part of the non-stretched film (A) and
the thickness at the center of width (B) should preferably be in

the range of 2.0 - 6.0, more preferably 3.0 - 5.0 so that subsequent
stretching will be performed favorably.

Required conditions (stretching temperature, degree of
stretching) for the sequential biaxial stretching of this non-
stretched film must be identified so that the film will become 0 -
0.02 in birefringence ( A n) and 6% or less in crystallinity after

the sequential biaxial stretching in the machine direction and



groups (liquid crystal-formng structure unit). Such copol yest er
resi ns whose backbone chain contains nesogenic groups include copol yester
produced from a nobnooxy- nonocarboxylic acid conmpound, aromatic dihydroxy
conpound, aromatic dicarboxylic acid, alkylene-diol, etc. Such

monooxy- nonocar boxyl i c- aci d conpounds i nclude p-hydroxybenzoic acid and
6- hydroxy-2- naphthoic acid. Such arona%'c di hydr oxy conpounds include
4, 4" - di hydroxy biphenyl hydr oqui none, %nd 2, 6- di hydr oxy napht hal ene.

Such aromat ool GO PO LG AGhdS ﬁ&cgyg% LS Qtlth[Aﬁaacg&etcﬁw%haL'c

acid, 4,4 - enyFr%Fcar i'c ‘aci ene dicarboxylic acid,

and 1, 2-bi S( pﬁ@ﬂmxéa @tak}aflﬁsﬂ; 4théjln@§5@&>é¥,lch&i £a¢i GkhoRUE hbealilkykenredi 0l S
i ncl ude et hyl ene glycol, and but anediol . The nole ratio (MN) of the sum

(M of the quemtad gkesp @ff bémredcopalidericidd vorobisrendnbcarhoxyines aci d

conpound and the copol ynmerized aromatic di hydroxy. conpound and the
quantity (N) sfretchingdpotberemerhing éFR‘iﬁ‘”—éﬁé # & t%’l‘RﬁﬂaH“fﬁ é’F’th?)I’y’“BS *h

the range from_80/20 - 50/50. Desjrable copolyes bﬁ qu 9
pol yet hyl ene %éﬁﬁF?Falsa?éaﬁ ERATT EA8P yRe F 2T & I51'i‘)ht Frﬁ % 421 ude
those produce wyr%&g%ymn%gaﬁre@%fhs f1dss ergxﬁt%x tmﬁ@bsme rgt byl ene

gl ycol, terep tha acl d or hal éne

19 25)C to (Tg + 45) °C (MD stretching 1). This stretching should
preferably be carried out in two steps td achie?e the required
degree of stretching. The film is held by tenter clips at its ends,
brought to a tenter, pre-heated, and stretched at a draw ratio of
1.5 - 2.5 times in the transverse direction at a temperature in the
range of (polyester's.glass transition temperature Tg + 15) °C to
(Tg + 45) °C, more preferably (polyester's glass transition
temperature Tg + 25) C to (Tg + 45) °C (TD stretching 1) to
produce a film that should preferably have a birefringence of 0 -
0.02, more preferably 0 - 0.01, further more preferably 0 - 0.005,
and a crystallinity of 6% or less, more preferably 3% or less,
further more préferably 2% or less, as determined by a density-based
technique. The refractive index of this film in the machine
direction and transverse direction should preferably be 1,590 or
less, more preferably 1,580 or less. Thus, it is preferred that
stretching to 1.5 - 2.5 times in the machine direction and the
transverse direction is carried out at a temperature where
orientation and crystallinity are not increased significantly by

this stretching. Such stretching disentangles the polymer chains



di carboxylic acid, etc. Their contents in the polyester filmshould

preferably be in the range of 0.5 - 10.0 Wt % The above-descri bed
i norgani ¢ particles include, but not |imted to, such oxides as silicon
oxi de, al um num oxi de, magnesi um oxide, and titani um oxide, such conpl ex
oxi des as kaolin, talc, and nontnorillopjte, such carbonates as cal ci um

carbonate, and barium carbonate, such sulfates as calciumsul fate, and
barium sulfate, such titanates as bariumtitanate, and potassiumtitanate,

and such phosphates gs tribasic cal cium e | } GG jqum
phosphate, a Pﬁf)‘ﬁbtbg‘ ch%rg'l%ll%nmo%h%s%%rgfe g‘?ﬁ#\%gk%rﬂgrh?g&of% rtg %lé%edurray be

used togetheg, Egnécmn%¥es@acigﬁcix; itGo® Y Lehid in the. vertid2@ direction
above-descri beé1 organi ¢ particles include, but not I|imted to, particles

of such vinyl mhekim stasctprkyst ywhentormatios fi bikded spongisirgr épblowed by
crosslinked styrene-acrylic polyners, crosslinked acrylic polyners,
crossl i nked stersénetchdmbatn \deveralpskgperis, desidabio e PRREF Bt ylic
polymers, as well as_such, other paterial s _as benza ugggrﬁaré%iggr irleg@m(de,

silicone, anddissdPstetestitror 8BE HATERR. CARTT DINEPY par £ eI '8 ey be “used i f
at least a pald. Qs Le0RL LisCherCal AE POLITBE A3 ELfl Qebdlecdie
e po

insoluble to th yester. Said organic particles should preferably be
spherical andcfiakera:dninh otdnethanRriseke ditkt st hitichoiy iin the deiretchignsur e hi gh
sl i pperiness and uniformprotrusions formed over the filmsurface.

The desired dpmareser vheortemeyverald ldhepexsendade ipathe Bpelinedpeetfion t he

use and objective. Cenerally, however, theii average . .
and aligned with ‘each other at equal intervals in the transverse

direction are provided on the film before the stretching and the
increased distance between the lines are measured after the
stretching to determine the degree of stretching in the transverse
direction that is defined as the ratio of the distance between the
lines after the stretching to that before the stretching.

Following TD stretching 1, the film is stretched again in
the transverse direction at a temperature below the stretching
temperature of TD stretching 1, followed by further stretching in
the machine direction. The stretching in the transverse direction
should preferably be carried out up to 3 - 5 times in the transverse
direction at a temperature in the range of (Tg 2 15) C to {(Tg +
25) °C, more preferably (Tg - 15) C tp (Tg + 10} °C (TD stretching
2). since such stretching at a temperature below (Tg + 10) °C
causes a small degree of necking (pseudo-necking stretching), the
draw ratio of stretching should preferably be set to 3 times or

more. TIf the draw ratio of TD stretching 2 is less than 3 times,



20 di aneter should preferably be in the range of 0.0l1[err] mor nore and
2 [err] mor less, and their content should preferably be in the range of
0.002 wt % or nore and 2 wt % or | ess. ~The above description shows
that biaxially oriented polyester filns with a specific structure and
properties can serve excellently as base filmfor high density magnetic
recordi ng tape because they can reduce 24pe breakage and enhance the
travelling durability and preservability. Desirable nmethods to produce

these bl aXI al l Orl ent d gp%x:esgeegom]; !lerrsss % % llll QZ q.@k)l JL ac’ﬁ (q,?SCI‘I bed

bel ow. Need| e§}§ f&lgals &ScPFprron gi ven oes not’ place any

limtations opydfiQ BE ea%%n&ed RLeBELOR U%@%ﬁsﬁée Q&%ﬁ%@:b@y&&@tcmﬁ; seope Of
t he inventi on. he machi ne direction, abbreviated as MD may al so

be called t heedmgtﬁMmEak o, r eetﬂsoﬁmpasrmtathamnsam theststeatehiig rig apdocess

for filmformation, while the transverse direction, abbreviated as TD, nay
al so be cal | e® tsrteewlsimgvér!see carriak 'PBTa qwere#aahdi BeFitr6dt HRIPESAFRET RNy

process for filmformatio axi al | orlq dcr%%l){eedﬁer films
of the presenftr§tFhind |d8ﬁr%%r?§f‘§ft’tﬂ"s t?nﬁrf’v ehﬁeglax B 2 B T 85T h EfBet
that is having such desired properties as described above.

For the subsequent second longitudinal stretching, the film
is introduced to a group of heated metallic rolls (with hard, chrome
plated, mirror finished surface) and re-stretched in the machine
direction at a draw ratio of 2 - 6 times preferably at a temperature
in the range of (Tg - 25)C to (Tg + 85) °C (MD stretching 2}.

More preferably, second longitudinal stretching at a draw ratio of
3 - 6 times (MD stretching 2) should be performed in several steps,
specifically, at a temperature in the range of (Tg - 15)°C to (g +
10) °C in the first step and at a temperature in the range of more
than (Tg + 10) °C up to (polyester's melting point Tm + 85)°C in
the subsequent steps. When such multiple-step longitudinal
stretching is performed, the degree of stretching in the first step
that is carried out at a temperature in the range of (Tg - 15)C to
(Tg + 10) °C should be in the range of about 70% to 95% of the total
draw ratio in the MD stretching 2 process. It is more preferred
that this draw ratio of stretching achieved by said machine-
direction re-stretching in the fist step that is performed at a

temperature of (Tg - 15)C to (Tg + 10) C be achieved in two or

more divided steps.



oriented by sequential biaxial stretching and/or simnultaneous biaxi al
stretching in the machine direction and transverse direction. Such a sheet
is produced by carrying out biaxial stretching several tinmes at different
tenperatures to achieve a very high orientation. Desirable production

met hods i nclude, but not l[imted to, production nethods (I) and (I1)
descri bed above. ' 25 21 For
production nmethod (1), sequential biaxial stretching of polyethylene

t erepht hal ate (her eag,%%reiqgr gg‘l&[’r ‘g’g"[s;%ti%’?/j[aglﬁg)?ﬂel"g%‘% ﬁfﬁlﬁﬂ iRed, hgl.ow as

an exanpl e. S e ere al'ate (i nherent

viscosity: 0,85 FlekBnedigSend t2RSdVerQ8 418FREIGH.UM Bord GhidSdohhC , Nel ting
point: 255[err]C ) is dried adequately in a vacuum fed to an extruder

mai nt ai ned at serdt2hped Attheebidxid Y0y st300¢hedr F0m ianigk l&x by udsder he Gigghat

T-die to produce a sheet. This nolten sheet is allowed to adhere over a

drumwith a cobts eddsurffrpyghbftole tent@r| epnerlredisdngang ftretchadeetrd &¥ay to

ensure cl ose contact, . so that,subsian%iq{%ﬁ anorp?ous on;§tr@tched cast
§P8, CrheTe 5

filmis obtai A8H° Bhrtry thi SF*BFdcEY o8t FRETRED Tl PP TRg TS

e o ot TR Sk ERURIAY 58 s eldonbd oyl

shoul d preferghlseragipaivitaén@dintonk Blep or multiple steps in the transverse
direction at a draw ratio of 1.2 - 2.5 times with the temperature
gradually increased in the range from more than (Tg + 10)°C to
(polyester's melting point Tm - 45) °C (TD stretching 3). The
temperature for TD stretching 3 should preferably be in the range
of (Tm - 120)°C to (Tm - 45) °C where the crystallinity of the film
starts to increase. This film is then heat-treated in the
temperature range of (Tm - 75)°C to (Tm - 35) °C, and subsequently
relaxed in the transverse direction and/or machine direction during
the cooling from the heat treatment temperature. The relaxation
treatment should preferably be performed in two or more steps'(for
example at 180 - 130 °C and 130 - 90 °C). Relaxation in the
transverse direction may be achieved favorably by gradually
decreasing the distance between the guide rails for the tenter clips
while relaxation in the machine direction may be achieved favorably
by gradually decreasing the distance between the clips that ﬁold
the edges of the film.

This film may be subjected to further heat treatment in the

temperature range of (Tg - 30)°C to (Tg + 110)°C . Favorable methods



or less, nore preferably 1.0%or less, in order to produce a film of the
present invention. Furthernore, the ratio (A/B) of the maxi mumthickness
of the edge part of the non-stretched film (A) and the thickness at the
center of width (B) should preferably be in the range of 2.0 - 6.0, nore
preferably 3.0 - 5.0 so that subsequent ,gtretching will be performned
favorably. Requi red conditions %stretching t enperature, degree of
stretching) for the sequential biaxial stretching of this non- stretched

filmnust be %%re{il:gﬁ;i%?coggqﬁ hat t;[:ehq—.mfeinl: rgnvc\:’illlée Q:glﬁoﬁr?e %5_ a rpeaQ:%n% Ec:éven,

bi refringence bor-1ess in crystallrnity after

sequential bi axf gheSELLLENENNEraR R iARCHY178. difneql draPlle heat
22 transverse direction. For the sequential biaxial stretching to be

perfornmed faverathmgnt tfrecesn-wtingts hedtfrid nvehoufod deampher aduesdild 0 a
group of heated netallic rolls to achieve 1.5 - 2.5 times_stretching in
the machi ne détxessi of 2itPa e mose atsupePlied ke & £AdB With efansydshiskes gl ass
transition tenperatur err

e Tg + 15) g f{C to.éTg +.45), érerrAC . or e
preferably (pBtifesfarmed gFa‘élke EPARAT Fbh FARpEFAREr EoTET 9 PP RTIEEY (g
v 45) Lerr]C (MRShT BhehBE sh) cndMatnghd AicOLkbeS NP dnePE £PE0LY diBhea
carried out in't steps To achieve the required
in the transverse direction by the expanding apparatus (expanding
roll, etc.) provided at the entrance of the heatiné oven, followed
by heat treatment on the nip rollers provided at both sides of the
heating oven. In this step, the running speed of the nip roll at
the rear side may be set lower than that of the nip roll at the
front side to achieve relaxation in the machine direction. When
several heating rolls are used for the second heat treatment, nip
rolls may be provided at both sides of the group of heating rolls,
and the heat treatment is carried out via the nip rolls. 1Ih this
step, the running speed of the nip roll at the rear side may be set
lower than that of the nip roll at the frdnf side to achieve
relaxation in the machine direction.
After trimming the edges, the film produced may be siit into
tapes which may be wound into a roll and subjected to aging
treatment at a temperature of (Tg - 30)°C to (Tg + 30) °C for 1 -10
days.
Examples of production method (II) using simultaneous

biaxial stretching are described below. When simultaneous biaxial

stretching is applied, the basic film production principles and



degree of” stretching. The filmis held by tenter clips at its ends,
brought to a tenter, pre-heated, and stretched at a draw ratio of 1.5 -
2.5 times in the transverse direction at a tenperature in the range of
(pol yester's glass transition tenperature Tg + 15) [err]Cto (Tg + 45)
[err]C, nore preferably (polyester's glass transition tenperature Tg +
25) [err]Cto (Tg + 45) [err]C (TD stretghing 1) to produce a filmthat
shoul d preferably have a birefringence of 0 - 0.02, nore preferably 0 -

0.01, further r Ea%friﬂe%%%ﬁxng a_reo?:QQS ameag'éi t%ogé yf%t):alzlh y@ieggiergttia]q% or

S
| ess, nore pré?er ess, urther nore prefera Yoor less, as

determ ned byp@xdeNSddr¥eORoRMaeiHGRBE Uidve ] Nehd €hé aRlgu¥R iaNd8Xafart his film
in the machine direction and transverse direction should preferably be

1,590 or | esstremchingpedbessabhyy he588paceldepartidhls ori éntiigepyediarhr ed t hat
stretching to 1.5 - 2.5 tinmes in the machine direction and the transverse
direction is siavitencoygt biaxiglt ensérhing-e Hprercsample chi D Shrarrhing 1
crystallinity are_not increased signifi can\[_lg/y tym“t hi s st retchailpg. Such

str et chi ng di?ﬂfn?gniﬁ5§§°?¥ﬂ§ Ofﬁﬁﬂg ”E+ﬁﬂ_ﬁ§ ltaneous biaxi
23 1o permid, ot Be; JOr FBi Qe Ofesd BE Uil YESANEd Sl BOr RIrnali! gt €d

benzene rings stacked in twos or threes in the vertical direction

(stacking stramfudre)al Fheedchin®f i20nupfstideishisigr uctTr etfeddhdwgdl byand the
first step of TD stretching 2 and MD stretching 2 are carried out
by simultaneous biaxial stretching, with the rest of the piocess
being performed by sequential stretching; 3) MD stretching 1 and TD
stretching 1 are carried out by sequential biaxial stretching,
followed by the first step of TD stretching 2 and MD stretching 2,
the second step of MD stretching 2, and TD stretching 3 performed by
simultaneous biaxial stretching; 4) MD stretching 1, TD stretcﬂing
1, TD stretching 2, and the first step of MD stretching 2 are
carried out by sequential biaxial stretching, followed by the second
step of MD stretching 2, and TD stretching 3 performed by
simultaneous biaxial stretching; 5) MD stretching 1, TD stretching
1, the first step of TD stretching 2 and MD stretchiné 2, the secoﬁd
and subsequent steps of MD stretching 2, and TD stretching 3, i.e.,
the entire stretching process, are carried out by simultaneous
biaxial stretching; 6) MD stretchiﬁg 1 and TD stretching 1 are
carried out by sequential biaxial stretching, and subsequently the
first step of TD stretching 2 and MD stretching 2 are carried out by

simultaneous biaxial stretching, followed by the second and



re-stretching in several steps is desirable to produce a film disclosed
herein. The degree of stretching in the nachine direction referred to here
is defined as the ratio of the filmspeed after the stretching to that
before the stretching in the stretching process, whereas several |ines
extended in the machine direction and aligned with each other at equal
intervals in the transverse direction ag®& provided on the filmbefore the
stretching and the increased distance between the |ines are neasured after

the stretchi &ﬂzsfeag%ﬁ QLIp NS5l Ee Ssar o8 Qf 2SRt 6D NG ek Bridie 3t pagIRyver se

direction that 1Is ned as the ratio of the distance between the |ines
after the strelGhe@0dtO bl hedqubr i€ bl ki gt Eefatthifg; or 7) MD sEfddcdidngoL TD
stretching 1, the filmis stretched again in the transverse direction at a
t enper at ur e baldo®Dt feresthinc i ate ceerpet subrky sfindTDanepws diiangall, fol | owed

by further stretching in the nmachine direction. The stretchi ngh_i n the
transverse di FECtFbing shblIIPEREIataB| TP FETeLArad? AR UD §5GekChing 2i a8’ in

t he transverscer di ec‘;tti nat a faqurgé.uresi:p the %a fél ‘Ied(}i; chet 2k err]C
to (Tg + 25)&rFfC" rE PR ab Y g ® s 5y Ty v (T F0Yferr]C
(TD stretching ) pIACE HinY &4/ QL& NEURI bRt s ol BIRRIuBL B £k iRe! SV¢ el iy 10)
[err]C causes a snall degree of necking (pseudo-necking stretching), the
draw rati o of Sfoketidiprgsaitouhdepprioheratd gibeh pedbcedurd,tvinee B0 nore. |f
the draw ratio of TD stretching 2 is |less than 3 tines, ]

stretching 1, TD stretching 1, the first step of TD stretching 2

and MD stretching 2, the second and subsequent steps of MD

stretching 2, and TD stretching 3, i.e., the entire stretching

process, are carried out by simultaneous biaxial stretching, is

preferred.

A process where the entire stretching process is carried out
by simultaneous biaxial stretching is described below.

Substantially amorphous non-stretched cast film is produced
according to the same procedure as described for film production by
sequential biaxial stretching. During this procedure, the
refractive index in the machine direction and that in the
transverse direction should preferably be controlled in the range
of 1.570 - 1.575 while the crystallinity should preferably be
maintained at 1.5% or less, more preferably 1,.0% or less, in order
to produce a film of the present invention. Furthermore, the ratio
(A/B) of the maximum thickness of the edge part of the non-stretched

film (A) and the thickness at the center of width (B) should

preferably be in the range of 2.0 - 6.0, more preferably 3.0 - 5.0,



24 the filmis likely to becone | ess uniformin thickness, which should
be avoided carefully. To ensure hi'gh-degree stretching at a tenperature
near Tg, ‘it is inportant that said MD stretching 1 and TD stretching 1 be
carried out under said desired tenperature and stretching degree
conditions to provide a biaxially stretched film having such desired
properties as described above. r the subsequent second

| ongi tudi nal stretching, the film is introduced to a group of heated

netal lic rol (it hobarghesebapi®s.plated, 48 khet JubBbghad surd@sghgand
re-stretched in the machine direction at a drawratio of 2 - 6 tinmes

preferably atwialtedpersbined favorabeyrange of (Tg - 25)[err]Cto (Tg + 85)
[err]C (MD stretching 2). Mdre preferably, second |ongitudinal stretching
at a draw rati o of The-cgtt fitm, WEh sitseeedimnfedd byhberermhelpesf dened in
several steps speci fical l a terrp«irature in the ran

, , at f.(TQ, -.
15)[err] C t o B¥G° 1"15)“["5’1#]"??%% PHEIR; r§Yre§‘f’8b“gdﬁlacg’tneaq?‘eﬁtb’é’&’agﬁr’es in
the range of sgolaﬁchetdhgg { Wnierdurk &84 I Up 459 ng;,weﬁi%g ;42 _)rsfle an@9, P01 Nt

t
Tm + 85)[err] the subsequent steps. “When such nu p
| ongi t udi nal arghr&taehiagid seper+ or ehkhs,t Peefiegber wf t611.8t chi Y difet N
first step that is carried out at a tenperature in the range of (Tg -
15)[err] C t o boghgthe 28¢hiner Aj Hioul hdpbransvehee réiyget bfnsabotite 70% t 0o 95%
of the total drawratio in _the MD stretching. 2 process. It is nore
preferred tFEETaFhiveqinds®, iitdreopachting: BHSFy AR findv ERE By 2BEYSF SFachi ne-

direction re-StLel B8 drlst Dindiedhestf®Bid iR 1} SeHBLERIARY 1R s1fbu1a

preferably be 1.590 or less, more preferably 1.580 or less. 1Its
birefringence should preferably be 0 - 0.02, more preferably 0 - 0.01,
further more preferably 0 - 0.005. The crystallinity as

determined from density measurement should preferably be 6% or less,
more preferably 3% or less, further more preferably 2% or less, to
provide film of the present invention, Subsequently, the biaxially
stretched film is further subjected to simultaneous biaxial
streﬁching at a temperature of {(Tg - 15) °C to (Tg + 10) C and an
area draw ratio of 4 - 16 times, preferably up to 3 - 5 times in
eaéh of the machine direction and transverse directions.
Subsequently, this film is further subjected to one-step or
multiple-step simultaneous biaxial stretching at a temperature of
more th;n {Tg + 10}°C to (polyester's melting point Tm- 45)°C and
an area draw ratio of 1.5 - 5 times, preferably at a draw ratic of
1.2 -~ 2.5 times in each of the machine direction and transverse

directions. The temperature for the simultaneous biaxial stretching



tenperature of (Tg - 15)[err]Cto (Tg + 10) [err]C be achieved in two or
nore divided steps. 25
Subsequently, this biaxially oriented filmmy be further re-stretched in
the transverse direction. For this second stretching, the biaxially
stretched filmis held by tenter clips at its ends, brought to a tenter,
pre-heated, and stretched at a draw rat3g of 1.05 - 3 times in the
transverse direction at a tenperature in the range fromthe tenperature of

MD stretching, o (Tm ] fe ably tretche one St or

nul tiple step lf rPemFFi%s%‘%Pi‘i prﬁf?g%b[ell o% catr & %Irraaw ?a‘?f éq'of T 22”%0

times wth thg t(egp_er‘;%t)ute whgi-é‘% L:Yyéﬂ%‘iﬁ?ﬁﬁ%dof NeHeNg: {iANA8 £y nore than
(Tg + 10)[err]Cto (polyester's nelting point Tm- 45) [err]C (TD
stretching 3)inckbgse ! enpes atitheid @hed Dieltrefdtedgin tabotdnbepatd sy alhyebe in
the range of (Tm- 120)[err]Cto (Tm- 45) [err]C where the crystallinity
of the film of dfes t76)hcroedSe. - T sTf.i ow%}‘a@hlén(ml‘eat'lq)r@ated(’ﬂnn -t B®)

tenperature range of (Tm- 75)[err]C to (Tm - %&; L ,..and subsequent |y
rel axed in the 't PRHSPEFERGRELECTSI5riedndy SPe Hd@RPEE 56 FEERIGAP g Agehitme

cool 119 17 OMASDEAL GhLER) KRNI cdAIRETAH! Ehe TOE: [EBKALIORenb LARLTED

should prefer e per nore ste
The relaxatlon treatment should preferably be performed in two or

more steps (for example at 180 - 130°C and 130 - 90 C ). Relaxation
.in the transverse direction may be achieved favorably by gradually
decreasing the distance between the guide rails for the tenter clips
while relaxation in the machine direction may be achieved favorably
by gradually decreasing the distance between the tenter clips that
hold the edges of the film.

A preferred machine for the simultaneous biaxial stretching
for the present invention is the simultaneous biaxial stretching
tenter that uses a linear motor to move the tenter clips in the
machine direction. The shape of the clip's face that comes in
contact with the film should preferably be such that the ratio (L yp
/Lrp) of the length in the machine direction (L y,p) to the width in
the transverse direction (L ¢p) is in the range of 3 - 15, which is
preferred to achieve uniform Etretching in the machine direceion at
the end of the film. The temperature of the clips that hold the
edges of the film for stretching should preferably be in the range
of (Tg + 15)°C to (Tg + 50) °C to ensure uniform stretching in the

machine direction at the end of the film. The clips pass through



exanple at 180 - 130 [err]C and 130 - 90 [err]C ). Relaxation in the
transverse direction nay be achieved favorably by gradually decreasing the
di stance -between the guide rails for the tenter clips while relaxation in
t he machine direction may be achieved favorably by gradually decreasing

t he di stance between the clips that hold the edges of the film

This filmmay be subjected to further heht treatnment in the tenperature
range of (Tg - 30)[err]Cto (Tg + 110)[err]C . Favorabl e nmet hods

26 for thig Secand URple LLeR] HRAted NG LA J-Uond8angl2dhd1CBLI AERONSN.

and the use of Ss&Veral eating avor abl e heat treatnent

process usingfAcheald RgaPUGRathdt 8¥RPIcBme outeBBidR toiteasSand mdvi¥Pa or
nore is applied to a filmwth edges (thicker parts formed at the ends of

the fil m duriam@undstiar odercttioonefprrocesshhe eotiympick ehdhedegntien. t4d fhehi ne
direction, and the filmis stretched in the transverse direction by the
expandi ng appameenatyrexphridenglinsorpiered. o [boVe ded d6f199% 28nthace of the

heati ng oven, followed by heat_ t.rea n i _| I i t
both Srdes orteRerstis Pir el PR b e1aPll IE dlel O Gl cRley A6 Bt L

roll at. the f[e%re_rﬁi.lq% gPYtthgﬁﬁgs_ |iQV\&§nttrB@-ﬂ=_.é Rat a_.d:’jfusi:bﬂ; he &é6d1ingt afihe
front side to achieve relaxation in the nmachine direction. Wen
flow rate and the length of the cooling portion in the path for
return to the entrance. This temperature becomes stationary éfter 3
- 5 hours of continuous operation under the prescribed film
production conditions.

For the present invention, the polyester film may be coated
with a coating material prior to or after the stretching of the film
to provide special surface properties for easy adhesion, high
slipperiness, easy mould release, and high antielectricity.

The biaxially stretched polyester films of this invention
serve favorably as material for magnetic recording media as well as
electrostatic capacitors, thermal transfer ribbons, and heat-
sensitive base paper for stencil printing.

[Methods used for evaluation of properties]
(1) Circumferential half-width of the diffraction line from film's
crystal plane determined by wide angle X-ray diffractometry

This was determined by diffractometry under the following
conditions using an X-ray diffractometer.

X-ray diffractometer: manufactured by Rigakudenki, model 4036A2

(sealed off filament X-ray tube type)



several heating rolls are used for the second heat treatnment, nip rolls
may be provided at both sides of the group of heating rolls, and the heat
treatment is carried out via the nip rolls. Inthis step, the running
speed of the nip roll at the rear side may be set |ower than that of the
nip roll at the front side to achieve relaxation in the machine direction.
After trimmng the edges, the filmproduééd may be slit into tapes which
may be wound into a roll and subjected to aging treatnent at a tenperature

of (Tg - 30)[err]C tyorbyGourdd) [RKE] Gadyo{udea #9th GAYBilter)  Exanples
of production nethod (11) using sinultaneous biaxial stretching are

descri bed bel ow. Whemtgiyrul t aneoudkhj 0mal stretching is applied, the
basic film production principles and

27 stretchi iPnéeretiari ons are t ha@agnfactased rhysBigaudepkl Logaeratiigr  bi axi al
stretching described above, and the sgqu?n;ial bi axial stretching process
may be repl aced parfFéFly or eht?r@?y w th Tsinul taneous bi axi al

stretching. For exanplg.tdy M, SEEFBEHIQQiJn R0ge LD stretching 1 are
carried out by sinmultaneous biaxial stretching, with the rest of the

process bei nGopetéoimEedrdar sequarhifdctaké@tbyhRigEkudpndd colcpetationg 1, TD
stretching 1, and the
model RAD-C
A stack of specimens of a size of 2 cm x 2 cm aligned in the
same direction and the counter were placed at the diffraction line
from the crystal plane determined from 28 / 6 scanning, and the
specimen stack was rotated within the plane to provide the
circumferential profile ( 8 scanning). The peak's half-width (deg)
was determined from the peak profile obtained from the 8 séanning
assuming that the bottoms at both sides of the peak constitute the
background.
{(2) Crystal size determined from wide angle X-ray diffractometry
This was determined by the transmission method under the
following conditions using an X-ray diffractometer.

X-ray diffractometer: manufactured by Rigakudenki, model 4036A2

X-ray source: CuKgq ray (used-with Ni filter)

Output : 40kv, 20mA

Goniometer 1 manufactured by Rigakudenki Corporation
.81lit : 2mm ¢ -1 ° -1°
Detector : scintillation counter

Counter-recorder : manufactured by Rigakudenki Corporation,



first step of TD stretching 2 and MD stretching 2 are carried out by

si mul t aneous bi axial stretching, with the rest of the process being
performed by sequential stretching; 3) MD stretching 1 and TD stretching 1
are carried out by sequential biaxial stretching, followed by the first
step of TD stretching 2 and MD stretching 2, the second step of M
stretching 2, and TD stretching 3 perforngd by sinultaneous biaxial
stretching; 4) MD stretching 1, TD stretching 1, TD stretching 2, and the
first step of MD stretching 2 areg.q&flgap€8 out by sequential bi axi al
stretching, followed by the second step of MD stretching 2, and TD
stretching 3 perfornedcdyk ofi spdiasrOWwTE bi sideabf St feat £ddigalbgnddDin the
stretching 1, TD stretching 1, the first step of TD stretching 2 and MD
stretching 2,samhedis@cthehn waﬁdt!saft;séqirewpléqdéps efhapDl stqlatépp ngnpt?, aakherD
stretching 3, i.e. the entire stretching process, are carried out by

si mul t aneous 2nBi s34 iscted rtt Z‘,'I'ﬁ“ﬁgjm%? ’Wﬁagfr ERPHGOR QRRETYRELT &Cchi ng 1
d t t d b
Tl O o o Y AT ihElad¥e i ARl SLSIGE Dyerdl e SUDBEA IR L P

ching are carried out
si mul taneous hpaxémd haifﬁtlfahhr&s ph @hd OWROa kel Bt 960Kk RBTusing the

28 subsequent steps of MD stretching 2, and TD stretching 3 being
Scherrer's equation given below. The crystal size represents the
size in the principal orientation axis.

Crystal size L (A ) =K A/ B. cos @3
K : constant (=1.0)
A : wave length of X-ray (=1.54183)
8 s : Bragg angle
Bo =( Bz~ g, 0
Bt : apparent half-width (measured)
B 1 : apparatus constant (=1.046 x 107?)
(3) Young's modulus
Measurement was performed according to the procedure
specified in ASTM-D882 using an Instron type tensile tester. The
conditions for measurement are given below.
Measuring apparatus : automatic film strength measuring apparatus,
produced by Orientec Corporation,
Model "Tensilon AMF/RTA-100"
Sample size : width 10mm x effective specimen length 100 nmm
Stretching speed 1 200 mm/min

Measuring environment: temperature 23°C, humidity 65% RH



carried out by sequential biaxial stretching; or 7) MD stretching 1 and TD
stretching 1 are carried out by sinmultaneous biaxial stretching, and
subsequently TD stretching 2 and MD stretching 2 are carried out by
sequential biaxial stretching, followed by the rest of the process being
carried out by simultaneous biaxial stretching. For the present

i nvention, the fifth procedure, where M 4stretchi ng 1, TD stretching 1,
the first step of TD stretching 2 and I\/E) stretching 2, the second and
subsequent stgRscPle Mongifdlehing 2, and TD stretching 3, i.e., the entire
stretching process, are carried out by simultaneous biaxial stretching, is
preferred. MspeenessSonhemedtihefeat mw easteuwt ofif Npndr seesin T¥a
carried out by sinultaneous biaxial stretching is described bel ow.

Subst ant i al | yr#x380 phewodwesd by rdricks Ridkes CorRIraAtian yibl R &Gt RTSPHFFY to

the sanme procedure as described f?.r film gr oduct i on 2 S uen{g’ al bi axi al
stretching. DHtNgTAHPEprfc&BRY &l fEFeF&Y T £06F VEE é%?( ' F2Ehe” TBchi ne

direction and that i1 b0 of LAMGACLIE fipne6) QN eROYH AT GhED! WabCiece

controlled in the range .575 while the crystallinity should

preferably bego 18 Nii@uRes Haet. 6106 @bnd BS9ns N6 G010 anar 66 Wwul. 834 ahel ess, in
order to produce a filmof the present invention. Furthernore, the ratio
(A B) of the ¢mmnigatinn bf ckreesslnfvasheeaiged partheofilmie ekangstier ched film
(A) and the thickness at the center o ref erab| ¥Cl_3e in

f width (B) shquld
the range of @egcertrys, RREsprER%LrPED] yﬁé‘?owais 5?5‘?”“1“9 with an NEC

9801 personal computer via a Canopus Co., Ltd. AD converter ADX-98E,
and the creep compliance was determined from the following equation.
Creep compliance (GPa ~') = ( A L/100)/0.028
{5) Orientation of film_determined from laser Raman scattering

The measuring conditions used for the laser Raman
spectrometry are described below.
Apparatus : Jobin Yvon, Ramanor U-1000

Micro-Raman measurement configuration; 180 ° scattering

L2

specimen support; solid
Light source : NEC GLG3300, Ar* laser, wave length 515 nm
Spectroscope : configuration; 1 m, Czerny-Turner type
Double Monochromator
Diffraction grating;
Plane Holographic, 1800 g/mm, 110 x 110 mm
Dispersion; 9.23 cm™ ! /mm
Inverse light removal rafe; 10 14 (20 cm™t)

Detector : PM RCA31034, Hamamatsu Denshi 943-02



29 further nore preferably 3.0 - 4.0, so that subsequent stretching wll
be performed favorably. The cast film with its edges held by
tenter clips, is placed in a sinultaneous biaxial stretching machine in
which it is stretched at a tenperature of (Tg + 25) [err]C to (Tg + 45)
[err]C and an area drawratio of 2 - 7 tines, preferably up to 1.5 - 2.5
times in both the machi ne direction and 3> ansverse directions. The
refractive index in the nmachine direction and the transverse direction of

this siml taneous bigy gihy \gs}eﬁet:gmqff4.449&@9&1@waprequfbgaﬁ%du?igbsoﬂyggr%ggf;

| ess, nore preferably 1.5 |l ess. Its birefringence s pre

be 0 - 0.02, paviacRyef@r,abhy Wt=p&ilhea. f uhkheiredRion Pretrs atb¥s Gsect@0R05.
The crystallinity as determ ned fromdensity nmeasurenent should preferably
be 6% or | essyas metet@rbef pardillyl 3€6 chel| Esnsvermd déreqidoe. prifecreaitinal?2 % or

|l ess, to provide filmof the present invention. Subsequently, the
biaxially stP¥ttcHa8 ¥599nfPs MeaFRFmaiiensubjTedt BePSIGeReHHT VaFedddenttaxi al

e S, 2 BT oo Bl UL ekt AL, 2

ar ea dram/rat!o _ ! _ nes I n gac _
the machi ne digeCthon FAHat {ARINELS ol pOGHEPMNSion PASGEVEIN k¥e Hdtninki | M

is further subjected to one-step or nultiple-step sinmultaneous biaxial
stretchi ng atdixrdcetiper(@t Yy €) @hd the 1615 cm - band intensity for polarization
parallel in the normal direction (Iyp) were measured to determine
the ratio Ry (Ri. = I yp /I xp), which represents the degree of
orientation. In addition, the 1615 cm~* band intensity for
polarization parallel in the transverse direction (Iyp) and the 1615
cm ~! band intensity for polarization parallel in the normal
direction (Iyp) were measured to determine the ratio R: (R. = I 1o
/I xp), which represents the degree of orientation,
(6) Propagating tear strength
Measurement was performed in accordance with ASTM-D1922
using a light weighted tearing tester (Toyo éeiki Kogyo Co.,Ltd.).
A 13 mm cut was made into a 64 x 51 mm specimen, and then the
remaining 51 mm portion was torn, followed by reading the indication.
{7) Refractive index and planar orientation index (£, )
The refractive index was measured in accordance with tbe
method specified in JIS~K7105 using sodium D ray as ligﬂt source
and using an Atago Type 4 Abbe refractometer. Methylene iodide was

used as mounting ligquid, and the measurement was performed at 23°C

and 65%RH.



nore than (Tg + 10)[err]C to (polyester's nelting point Tm 45)[err]C and
an area draw ratio of 1.5 - 5 tinmes, preferably at a drawratio of 1.2 -
2.5 times. in each of the machine direction and transverse directions. The
tenperature for the sinultaneous bi-axi al stretching

30 inthis process should preferably be in the range of (Tm- 120)[err]JC
to (Tm- 45) [err]C where the crystallinijg of the filmstarts to

increase. This filmis then heat-treated in the tenperature range of (Tm -

75 Ct Tm - 10 C,. hl Tmp- 70 t Tm - '
[e”]eg? ang gulr)nseql.?é‘l)’?t i’ga” IBik‘g‘rtlg‘%?%rﬁénﬁ?’gn@vérZ'e‘)a%iezrggecﬁqﬁlggeén{fnoﬁagﬁ% ne
direction durlfgathgCophddGebl@lrefs NRAhg ! (RALEPIN ihGMRRIRLYRS.  The

rel axation treatnment should preferably be perforned in two or nore steps
(for exanpl e mitani8loriekd3nr fhaand 18Q,- +I:)¥Rr{1 @ 2o Relaxation in the
transverse direction may be achieved favorably by gradually decreasing the
di stance between the :gui desfiractivef dndehdnt thg gqacéqepglrmqog rel axation in
the machine direction may be achi eved fagvor abl b gra pal | y decreasing
the distance betwBen it he I%FREFY ilﬂge‘iﬁétthﬁd%anf‘zeé‘ sdgﬂerse%¥°?he film

A preferred machipe for the sipuld %RSQ,EEnbL IRrnsl lAkebing for the
present |1 nvention % ‘t he si me: aneous iraxi al stretchi ng tenter t hat uses
a linear notofg)t g; FMEnkBgd enter clips in the
A Berek compensator combined with a NIKON polarizétion
microscope was used to determine the film's retardation (R}, and
the birefringence { A n) was calculated by the following equation.
An = R/4d
R: retardation (yu m)
d: film thickness ( gy m)
(9) Density and crystallinity
The density of film was measured with the density gradient
method specified in JIS-K7112 using aqueous sodium bromide solution.
This density was used in combination with the crystal density and
amorphous density of polyester to calculate the crystallinity by
the following equation.
Crystallinity (%) = [(film density - amorphous density)/
(crystal density - amorphous density)] x 100
For PET, amorphous density: 1.335 g/cm;
crystal density: 1.455 g/cm®
(10) Heat shrinkage starting temperature

A 4 mm wide specimen cut out from the film was set in the



machi ne direction. The shape of the clip's face that cones in contact with
the filmshould preferably be such that the ratio (L [err] /LTD) of the

|l ength in the machine direction (L [err]) to the width in the transverse
direction (L [err]) is in the range of 3 - 15, which is preferred to
achieve uniformstretching in the machine direction at the end of the
film The tenperature of the clips that Bdld the edges of the filmfor
stretching should preferably be in the range of (Tg + 15)[err]Cto (Tg +

S0 LETELS {orRT A SR 3 R 0 el bia heateine

31 the tenter, whi L& 381 fY. heated hBad h&f Br &-dppat b0 tRENSpeciheRIWdY NG

zone, and heat treatnent zone, cone out of the tenter, and nove around the
oven to returpedi@dt e tNip@ngeaofa theatimntrate emd Chanint enfrerlawved eyof t he
clips referred to above is defined as that tenperature neasured prior to
hol di ng t he edfesmbfatilve 6f |the Fieinkegepddat UFhe dprta vere| F§RPrAsdchtrol | ed

by adjusting the cooling air flowrate and the |ength of the cooling
portion in therqyafp $GPhs ekt FeRPEFHRE Pﬁﬁ’c’ﬁ‘.ag?hi smhhtee%%"épreéta g'r“ee bagcc%’f‘r%s

stationary al L&l Sunare Uit iRkad® Tkl WP 0RS BoPTLrUNIRIe1iRE PIOSGGLbEd

film product?on con e present invention,

pol yester fil paJgya e 13Q8t ffhding was used as the heat shrinkage starting
temperature.
(11) Heat shrinkage
Measurement was carried out in accordance with JIsS-C2318.
Sample size: width 10 mm, marked line interval 200 mm
Measuring condition: temperature 80 C, processing time 30 min,
unloaded condition
80° C heat shrinkage was calculated by the following
equation.
Heat shrinkage (%) = [(Le - L)/Lo] x 100
1. : marked line interval before heating
L : marked line interval after heating
(12) Glass transition temperature Tg and melting point Tm
A differential scanning calorimeter, Seiko Instruments Inc.
Robot DSC-RDC220, was used with a data analyzer, Seiko Instruments
Inc. Disk Session SSC/5206. A 5 mg specimen was taken, heated from
room temperature to 280°C at a heating rate of 20 °C /min.,
maintained at the temperature for 5 min., quenched with liquid

nitrogen, and heated again from room temperature to 280 T at a



with a coating material prior to or after the stretching of the film to
provi de special surface properties for easy adhesion, high slipperiness,
easy nould rel ease, and high antielectricity. The biaxially
stretched polyester filns of this invention serve favorably as materi al

for magnetic recording nedia as well as electrostatic capacitors, thermnal
transfer ribbons, and heat- sensitive ba#e paper for stencil printing.

[ Met hods used for evaluation of properties] (1) Crcunferential half wi dt h
of the diffragtian e fromfi I ne determ ned b ngl e
X-ray diffrac om::lt“f3 r”c 2 ?%W“leaﬁttZ'r mﬁ)enagtd rve ofbf:?%t'(‘: dor‘ﬁe\ ry ung

t he fOllOWAngde@Qﬁﬂh;hﬂpgnyShpg an X-ray dlffractoneter X-ray

di ffractometer: nmanufactured by Ri gakudenki, nodel 4036A2

(seal ed of f fi{imneshter Nayetatk@aypkrface roughness (Ra)

32 X-ray source: CuKa ray (used with Ni filter) Qut put
40kV, 20mA Coni orret?éérasurement was caramed aortuvith lay KeSakak heleornatoCprjgst.at i on
Slit 2 mf[err] -1 - 1 Det ect or SC|nt|IIat|on

count er ET-10 hi h -precision thin-film step measuring machine, and the
' center line average surface roughness (Ra) was determined according
to JIs-B0601. The measurement was performed under the conditions
of a tracer tip diameter of 0.5y m, tracer pressure of 5 mg,
measuring length of 1 mm, and a cut-off of ¢.08 mm,
{14) Frequency of.film breakage
For the process for producing biaxially oriented polyester

film, the frequency of film breakage was determined according to
the following criteria.

© : Breakage from edge does not occur for 48 hours or more

: Breakage from edge does not occur for 24 hours or more

Breakage from edge does not occur for 7 hours or more

O
A
X

..

Film production cannot be continued for 6 hours or more due to
£film breakage.

Film specimens falling under ©, O, or A according to
the above criteria were judged "accepted® from the viewpoint of film
forming stability_and yield.

(15) Surface damage during high-speed travelling
Film was slit into 1/2 inch wide strip specimens, which were
allowed to run on a guide pin (surface roughness Ra = 100 nm) in a

tape running test machine (travelling speed 250 m/min., number of



.Counter-recorder . manuf act ured by Ri gakudenki Cor poration,

nodel RAD-C " A stack of specinens of a size of 2 cmx.2 cmaligned
in the same direction and the counter were placed at the diffraction |ine
fromthe crystal plane determined from?2[err] / [err] scanning, and the
speci nen stack was rotated within the plane to provide the circunferential
profile ( [err] scanning). The peak's haBp-width (deg) was determ ned from
the peak profile obtained fromthe [err] scanning assum ng that the

bottorms at batihesi 825 ,9fe 1116 P2k, GADS ia%ysg dohe Qﬁ%%gipﬂ@dtegr{]% \%gg?.t al

size deternined fromw de angle” X-ray diffractonetry

determ ned by taf€et renes Bk S&d10fndeish@le WIdArhdd€infHddQWery gu0adigiin0Rss USi ng
an X-ray diffractometer. X-ray diffractoneter: manufactured by

Ri gakudenki , ohsgevedly36n@1ly, and thexXfihwy wepujudged Gucalient (uSklU 44 h Ni
filter) .Qut put 40kV, 20mA CGoni onet er ‘

manuf act ur ed IRPTRF LA derRd cBofhfoPifr gipod (A ) if g igmall amount of Qebris]

-1 -1 r.._Counte der

it actura 87 ARTEERCH Repy PR (O B e CURLEL 4P SRLEEL
33 was found on the pin. Being excellent () is desired, but films
-judged good (A ) can serve for practical uses.

{16) Electromagnetic conversion property (C/N)

The surfgce of specimens of films of the present invention
was coated with a magnetic paint and a non-magnetic paint (coating
material) with the following compositions using an extrusion coater
(upper coat: magnetic, 0.1y m thick; lower coat: non-magnetic,
varied thickness), magnetically ordered, and dried. Then the
opposite surface was coated to form a back coat with the following
composition, followed by calendering in a small test calendering
machine (steel/steel roll, 5 steps) at a temperature of 85 °C and a
linear load of 200 kg/cm, and curing at 60 °C for 48 hours.

Another 8 mm wide strip specimen was cut off from the original film
to form a pancake, from which a 200m tape was taken and set in a
cassette to produce a videotape cassette,

A commercial Hi8 videotape recorder (SONY EV-BS3000) and the
C/N (carrier/noise ratio) for 7MHz + 1MHz was measured.

(Composition of magnetic paint)

« Ferromagnetic metal powder: 100 parts by weight

+ Sodium sulphonate ~ modified vinyl chloride copolymer:



nodel RAD-C A stack of specinmens of a size of 2 cmx 2cm aligned
in the "sanme direction was treated in collodion ethanol solution into-a

| unp, and subjected to wide angle X-rays diffraction observation to
provide 2[err] / [err] intensity data, and the crystal size was cal cul ated
fromthe half-wdth of planes in different directions using the Scherrer's
equation given below The crystal size rc—&aresents the size in the
principal orientation axis. Crystal size'L (A) = K J[err] / [err] cos [err]

K : constant (=1.0) [err] : wave length of X:ray (=1.5418

[err] Bragg angl e [err] = ( [err] -Xlg[l}e/arr%flﬂéqrerlf t

appar ent hal f - WsgHhun( BRAHOREE] - modified polRRBEKAMYS1EPRTEENy (lgRA6 X
10[err]) (3) Young's nodul us asurenent was performed according

to the procedureocly@pecydraed: i N ASTM D882 usi ng an | nss rpartt yipe veeght | €
tester. The <conditions for nmeasurenent are given bel ow. Measuring

apparatus : au$tamtifcadid:m strength neasuring appata® pgrts by weight
produced by Oientec Corporation, Model .." Tensi | on
AVF/ RTA- 100" *SAifice®tdie . width 10nm x ef} SEEEVRY 548 hen
l ength 100 mm_ St ret ching.speed : 200 mimin MeagUei g LRY{ L onnment:
tenperature 23[‘é$érrb]&?%8(ﬁ‘idity 65% RH _ Fart! iy =Y

« Alumina: 10 parts by weight

- Methyl ethyl ketone: 75 parts by weight

« Cyclohexanone: 75 parts by weight

« Toluene: 75 parts by weight

(Composition of non-magnetic lower layer)
« Titanium oxide: 100 parts by weight
« Carbon black: 10 parts by weight
+ Sodium sulphonate - modified vinyl chloride copolymer:

10 parts by weight

. Sodium sulphonate - modified polyurethane:10 parts by weight

« Methyl ethyl ketone: ' 30 parts by weight
+ Methyl isobutyl ketone: 30 parts by weight
« Toluene: 30 parts by weight

(Composition of back coat)

« Carbon black (average grain size 20 nm): 95 parts by weight
« Carbon black (average grain size 280 nm}: 10 parts by weight
« a alumina: 0.1 part by weight
+ Zinc oxide 0.3 part by weight

+ Sodium sulphonate - modified polyurethane: 20 parts by weight



34 (4) Creep conpliance . A specinen of a wdth of 4 nmm was cut
off, and set in TMA TM 3000" produced by Shinku Ri ko Corporation with a
heat i ng control unit "TA-1500" so that the effective specinmen |ength was
15 mMm A load of 28 MPa was applied to the specinen, which was
left for 30 mnutes under the conditions of 50[err]C and 65% RH, and the
el ongation of the filmwas neasured. The 4;il mis elongation (percentage,
represented as ( [err] L) was determined wth an NEC PC 9801 per sonal

conputer via g %}{191% 1&3‘ al.%dt ﬁ'ég)?o’lel vert rcﬁpxl%e copo ;he creep -

conpl i ance was arm n rom equa p conpli ance

(GPa [err]) = ( [err] L/100)/0.028 (5) Orlentatlon @5 Efa!rltg]%et&rlghped from
| aser Raman scattering The neasuring conditions used for the |aser

Raman spectronegedphakenatescri bed bel ow. Apparat us200 parts byodightvon,
Ramanor U- 1000 M cro- Raman measur enent confi gur ation; 180 [err]
scattering * Methyl ethyl ketonegpecjnmen support; soPf@ Pall-’tghkl’ yeigkle
NEC GLG3300, Ar eLr Iaser wave | ength 515 nm Spe 0ScC D
configuration; '{i & erny- Turner type £b¢ pargglf)‘bmeéght

IVbnOChroma‘tOr(17) Properties of heat transfer ribbon for color printing

The film obtained was coated with ink layers of cyan,
magenta, and yellow, to produce a printer ribbon, which was used
with a variable dot type heat transfer color printer to print a
standard color pattern, followed by visual evaluation of its
gradient. Wrinkles in the ribbon were also checked based on the
visual observation of the uniformity of the printed part.
(18) Evaluation of capacitor properties
A. dielectric characteristics

Aluminum was vapor-deposited up to a thickness of 600 - 1000
A over a 18 mm-diameter circular part of both sides of the film to
produce a specimen, which was left in an environment of a
temperature of 20 + 5°C and a relative humidity of 65 + 5% for 438
hours or more. A dielectric characteristics measuring machine, TA
Instruments DEA-2970, was used to determine the temperature
dependence of dielectric loss tangent at a frequency of 1 kHz and
heating rate of 2 °C /min., and specimens were judged "goad® if they
had a dielectric loss tangent of 1.3% or less at the temperature of
195 C.

B. dielectric breakdown voltage



Diffraction grating; Pl ane Hol ographic, 1800 g/mm 110

x 110 mm ’ Di spersion; 9.23 cnferr]/mnm

I nverse light renoval rate; 10 [err] (20 cnferr]) Detector PM
RCA31034, Hamamat su Denshi 943-02

35 The filmused for the neasurenent was enbedded in pol ynet hyl

met hacryl ate, and wet-polished. The diredt on of the cross section was set
to be parallel to the transverse direction. The central part was used for

Teasur ement . Ten MeapyeiRaL oMl ee ilgealeichl oM i EELAM, BOSI ti ons,

and their average was cal culated. The "1615 cm|[err] Intensity for

pol ari zati on pasfldtg@bnivhilchewd @Rl Aermedi &afotru@ﬁg (to bm-rdz3l9and the 1615 cm
[err] band intensity for polarization parallel in the normal direction

(I'[err]) were neasur adrikbedesherati nicth ahehgmt herdessr ¢£ (R eamd a=thiflgresk /|
[err]), which represents the degree of orientation. In addition, the 1615
cnierr] band Pﬁt%ﬁﬂ??t? WW)%S $RACAA] 9VAT BnMAlaFheat PR 3Th@PPFoRIiREFsBize,

direction (I [e{l{‘ll) ;2 ? &6]15%11 cm%ﬁ;( lf q%ndhé Qb eg§| 1)(““ ‘E %%lilrl%atlon

parallel in e norma rec Were neasured erm ne

ratio Rierr] ¢R&ieks=of 6l (far.ti]to kbrleLht] lowebhi £db e 80& easfﬁnLSs the adeeuee of
orientation. (6) Propagating tear strength :
brass cylinder of about 50g having a smooth, flawless bottom with

its 1 mm peripheral part rounded to serve as upper electrode. Prior
to the test, the specimen was left in an environment of a
temperature of 20 * 5°C and a relative humidity of 65 + 5% for 48
hours or more. The specimen was placed between the upper
electrode and the lower electrode in an environment of a temperature
of 20 + 5°C and a relative humidity of 65 =+ 5%, and a DC power
source was used to apply a DC voltage between the electrodes, which
was increased from OV at a rate of 100 V/sec until dielectric
breakdown took place. A total of 50 specimens were-testedﬂ The
dielectric breakdown voltage of each speciﬁen was divided by its
thickness, and its average was calculated. Specimens with an
average of 400 V/ yg m or more were judged "“accepted".
(19) Travelling durability and preservability of magnetic tape

One surface of film of the present invention was coated with
a magnetic paint with the following composition up to a thickness
of 2.0y m, magnetically ordered, and dried. Then, the other
surface was coated with a back coat layer with the following

composition, followed by calendering and curing at 60 °C for 48



Measurenent was performed in accordance with ASTM D1922 wusing a |ight

wei ghted tearing tester (Toyo Sei ki Kogyo Co.,Ltd.). A 13 nmmcut was mde

into a 64" x 51 mm specinen, and then the renmaining 51 mm portion was torn,

foll owed by reading the indication. (7) Refractive index and pl anar

orientation index (f[err] ) The refractive index was nmeasured in

accordance with the nethod specified ingh S K7105 using sodiumD ray as

light source and using an Atago Type 4 Abbe refractometer. Methylene

i odide was URGE AS RRHeNY/d 11Qbh Gria@NEe £ 1} s PEATIAN SRRN lcuaSs P& Bm{rped at

23[err] C and 65%=H. 36

The pl anar or beididlail 0fi IMNARX friockS$dd hinve S @abfediat esbd,r @poh Nehiched rAQW ve

i ndex measurenents using the follow ng equation. Planar orientation index
(n [err] + ppeyiop)y@s -takeh eand] incorporpfet ip a casseefq ot Praducadex in t he

ITB.ChI ne dlrectlon nferr] : refractive index in the transverse .
di rection vidgqtapp|cassettifraetive index in the normal direction (8)
Bi ref_rl ng_ence(COmCPosnmﬂA @e&a%‘eggmeﬂgg% conbined with a N KON
pol ari zati on rosco ermne the films retardation (R,
and » Ferromagnetic metal powder: 100 parts by weight

+» Modified vinyl chloride copolymer: 10 parts by weight

+ Modified polyurethane: 10 parts by weight

+ Polyisocyanate: _ 5 parts by weight

» Stearic acid: 1.5 parts by weight

« Oleic acid: 1 part by weight

+ Carbon black: 1 part by weight

« Aluminaz 10 parts by weight

« Methyl ethyl ketone: 75 parts by weight

« Cyclohexanone: 75 parts by weight

« Toluene: 75 parts by weight

{Composition of back coat)

« Carbon black (average grain size 20 nm) : 95 parts by weight
+ Carbon black (average grain size 280 nm): 10 parts by weight
« @ alumina: 0.1 part by weight
- Modified polyurethane: 20 parts by weight
« Modified vinyl chloride copolyﬁer: 30 parts by-weight
» Cyclohexanone: 200 parts by weight
+ Methyl ethyl ketone: 300 parts by weight

+ Toluene: 100 parts by weight



the birefringence ( [err] n) was calculated by the foll ow ng equation.
An=Rd R retardation ([err] m d: filmthickness (
[err] m (9) Density and crystallinity The density of filmwas
measured with the density gradient nmethod specified in JIS-K7112 using
aqueous sodi um brom de solution. This dgi sity was used in conbination with
the crystal density and anorphous densi ta of polyester to calculate the

crystallinity by the follow ng equation. Crystallinity (%9 = [(film
density - amorphous (g@ngide/Whs allowed to run for 100 hours {CWSEBM "GRYSLIY -
anor phous density)] x 100 For PET, anorphous density: 1.335 g/cnferr]

crystal densiisgo"luciEr BIixHaperdrive]lOgndHeas tslavehkiagedstatritiing wasnper at ure
A 4 mm w de specinmen cut out fromthe filmwas set in the
37 TMA equigr@dnetadsadcerdipar eqyrthphf¢dpwies t5atetdfe ef f ecti ve speci nen

| engt h was 15 - Wth_a load of 1 g lied talﬁets eci pen vas sf&(?:ilted up
to 120 [err]C gin at 1St F oy eﬂ&?%awnza'?aggff%"fgm e oFT’gEWea& b ace
determ nati on of thﬁmﬁgéi nkage (% . The data were recorded to
Az free from elongation and bending at tape end, but a small
amount of surface damage found.
X : suffering elongation at ?art of tape end, tangle-like
deformation, and surface damage
After recording data on the tape in the video cassette using
the IBM "Magstar 3590" MODEL Bla tape drive, the video cassette was
left in an environment of a temperature of 40°C and a relative
humidity of 80% for 100 hours, and subsequently data were reproduced
to evaluate the preservability of the tape.
(O : no shift of tracks, normal reproduction
A : no changes in tape width, part of data not reproduced
X ¢ some changes in tape width, data not reproduced
Examples
The present invention will be explained in more detail in
reference to examples.
Example 1
Pellets of polyethylene terephthalate (intrinsic viscoéity
0.65) produced by a known method were vacuum-dried at 180 °C for 3
hours, supplied to an extruder heated at 280 °C, and melt-extruded

through a T-die into a sheet. The sheet was put over a cooling drum



provi de graphs of tenperature and shrinkage. The tenperature at the point
where the shrinkage curve departed fromthe baseline (0% was read, and
this reading was used as the heat shrinkage starting tenperature. (11)

Heat shri nkage Measurenent was carried out in accordance with

JI S- C2318. Sampl e size: width 10 mm marked line interval 200 nm
Measuring condition: tenperature 80 [errBE€ , processing tinme 30 m n,

unl oaded condition 80[err] C heat shrinkage was cal cul ated by the

follow n equat i on. Heat shrinka % = [(L[err] - L)/L[err x 100

La : margeq Iq‘i”nté‘ PnBerirgr B’éﬂ’p(?rrét‘ff&aggn%s/qc ““l'l("g[ e]r_e‘l.trﬁﬁ? FPREE ittt er val
after heating,,{12) {33585 208h{d Q0 %@f@%&a{w Snd& %qilgmtlet 'cggbé’{'t%t m
A differential scanning calorineter, Seiko Instruments [nc. obo

DSC- RDC220, Wgs1idged tboha dsuddtantdRaly Z@n~-oSpdnted! fiili. UNBRKsS £ihRGrasDi sk
Sessi on SSC/5200. A 5 ng speci nen was taken, heated from roomtenperature
to 280[ err] C stireachehitundgr ridteccoidi2@ofs /giivan,in fabld di.nelt atast hkrst
tenperature for 5 mn., quenched with liquid nitrogen, and heated again
fromroomt enﬁ@@&f’ﬁ?‘b it“otlzg(!'af’b?"?ﬁ @igectgon in a longitudinal stretching

machine consisting of several rolls using the diffefeﬁces among
their circumferential speeds for stretching {(MD stretching 1), then
it was stretched in the transverse direction in a stenter {(TD
stretching 1), stretched again in the stenter for second transverse
stretching (TD stretching 2), stretched again in the machine
direction in the roll stretching machine (MD stretching 2), further
stretched in the transverse direction in the stenter (TD stretching
3), heat-treated, cooled to room temperature, followed by the
trimming of the £ilm edge to produce biaxially stretched film with
a thickness of 10.1 g m. Table 1 shows the film production
conditions, and the frequency of film breakage, while Table 2 gives
the ratio (A/B) of the maximum thickness of the edge part of the
non-stretched film (A) to its thickness at the center of width (B),
its refractive index, and its crystallinity, as well as the
refractive index, birefringence, and crystallinity during the film
production prJ;ess. Table 3\shows the resuitant‘film‘s Young's
modulus, circumferential half-width of the diffraction line, crystal
size, diagonal Young's modulus, propagating tear strength in the
width direction, refractive index in the normal direction, planar

orientation index, and density, while Table 4 gives its creep



38 heating rate of 20 [err]C /nmin., and the heat curve obtai ned was used
to determine Tg and Tm (13) Center |line average surface roughness (Ra) .
Measurenent was carried out with a Kosaka Laboratory Ltd. ET-10

hi gh-precision thin-filmstep neasuring machine, and the «center |ine
average surface roughness (Ra) was determ ned according to JIS-B0601. The
measur ement was perfornmed under the condééions of a tracer tip dianeter of
0.5[err] m tracer pressure of 5 ng, neasuring length of 1 nm and a
cut-off of 0.08 nm 14) Frequenc filmbreakage

f F th
process for pFB‘ER?&aﬁﬁeblhéﬁFaﬁﬁ “5?%%%@8”&% %’Eﬁeéfag“ﬁ'l feat t@rﬂggﬁ%eﬁc’fy of
film breakagegyas defer aﬂeﬂ}t%%‘é?%f 1@8}5 F‘}Qrﬁaxf %ELQ&’!ﬂQgCH)t er ‘r? [err]

Br eakage from édge d occ ours or
Breakage fronmpgesigs tdeeonNehe QGANI bidkia2y hRWEScHIA rmnﬁ,e ma&eirnre] a1 Biqakage

from edge does not occur for 7 hours or nore X : Fil mproduction cannot
be continued &nd t&eh’omversmneedu@nt wvere in thd ireguinedakagee for the Film
speci nens falling under [err] err according to the above

criteria wer ePf%ﬁf@édm‘é‘d‘éém'ed'"d’r?%"ﬂh aH %Wboﬁiﬁf" rtainpd) wasohighgin
stability and_yi el rfac a uring .hj hspeedtra eII|n
Filmwas slit ?/ Sg!i/ ﬁ%‘ﬁ% a8*¢ 1r“|eg§g’be°gl merf‘g'd ; SRR S f T e
run on a gui dge Ringeh S Efifedir&@gm%la?in—tﬂgofﬂm puheq deformation

resistance under load, and dimensional stability, as well as

%{‘o

stability during the film production process.



tape running test machine (travelling speed 250 mM m n., nunber of

39 tines of travelling 1, winding angle 60. , travelling tension 90g).
After the travelling of the film had finished, the guide pin was observed
visually, and the filmwas judged excellent ( [err] ) if no debris was
found on the pin, good ([err] ) if a smak$y anount.of debris was found on
the pin, and no good ( X ) if a |arge anmount of debris was found on the
pin. Being excellent ([err] ) is desired, but filns judged good ([err] )

can serve for practical ugss. | |( 6) E ¢ctro gndtic fonversion property
(dN The surfac§§of 55%:i N$ 1of 1ilﬁs of he present invention
was coated with a nagnetiggxﬂ? yl 943 - Irag af'i ¢ pai nt (coating
material) with the fol | owg ¢dnppdilt| ¢rfs{ usi ng |an| ekt rusi on coater (upper
coat: magnetic, 0.1[err] Thiakf [1[Qwer [cpal . [ngn-jmapnetic, varied
thickness), magnetically [dnddigelysldlatiiedls JIHenathe opposite surface
maf cgatgd to fornlalFackawd@hl 1r t'1me If ol gyﬁrgy conP?S|t|Fn, rfllgmed by
calendering in a small test calienderihn rmthing—{stpel /steel roll,
steps) at a tenperature 85 [ler 1 ¢ ang | ingar| | pad of 200 kg/cm and
1 o jo . .
curing at 60 [err]C for_4§§r§gﬁ§§§°' BIGI8E & Man|i|@e| strip specimen was cut
off fromthe original fil|mi“th{fjormial pancake,| firdm which a 200m t ape was
taken and set in a
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[err]

Hi 8
[err] Sodium

[err]
10 parts by weight

A conmmer ci al
10 parts by wei ght

C/ N (carrier/noise ratio) for

|

100 parts by weight

(Conposition of nagnetic paint)

nodi fi ed pol yur et hane:

(SONY EV-BS3000) and the
powder :

- nodified vinyl chloride copggyner:

cassette to produce a vi deotape cassette.

vi deot ape recorder
[err] Sodi um sul phonate -

7MHz + 1MHz was neasured.
Ferromagneti c netal
sul phonat e
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10. parts by weight [err] Sodium sul phonate - nodified polyurethane: 10

parts by weight J[err] Methyl ethyl ketone; 30 parts by
weight [err] Methyl isobutyl ketone: 30 parts by weight
[err] Tol uene: 30 parts by weight

(Conposi tion of back coat) [err] Carbon,plack (average grain size 20 nm:
95 parts by weight [err] Carbon black (average grain size 280 nn: 10
parts by weight J[err] [err] alumna: 0.1 part

by weight [err] Zinc oxide_ Jﬁ kL 0.3 part by
M M " et o NjOJN H
wei ght [err] Sodi um sul phgfsat e [3f3 sllEsie pel ufethdne: 20 parts by wei ght
. . ~ ok e aaf o ol o . . P AR
41 [err] Sodium sul phonat|83- npgijlFe-HlHyl|+chl pr i€ copol yner:
30 parts by weight [err] ,Pln1ﬁia_ 2 200 parts
by weight [err] Methyl etjhgl ketqrier 300 parts by wei ght
[err] Tol uene: ity lsslsfslaiaiatelsie |2 180[partls by weight  (17)
Properties of heat transfdgE&gi bhgmcElak|t @rapsixtlng The film
obt ai ned was coated with i|nE | ayedd lof { ¢yan,| |mapentd, and yellow, to
produce a printer ribbon, jwhichiwgyusedwittrarveriabl e dot type heat
transfer color printer to|pgint}a
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standard col or pattern, followed by visual evaluation of its gradient.
Winkles in the ribbon were al so checked based on the visual observation
of the uniformty of the printed part. (18) Evaluation of capacitor
properties A. dielectric characteristics Al um num was .

vapor -deposited up to a thickness of 600 - 1000 A over a 18 nmdi aneter
circular part of both sides of the filmgg produce a specinen, which was
left in an environnent of a tenperature of 20 5[err]C and a relative
hum dity of 65 5% for 48 hours or nore. A dielectric characteristics
measuring machine, TA |Insir ts DEA- 2970 S ed to determ ne the
tenperature dependence ofjd lidss| t pngent jat a frequency of 1 kHz

4 am )

and heating rate of 2 [erfg] riin. splec| meng %ere j udged "good" if
they had a dielectric |los idelalal plolde 3% pr |d @s§ at the tenperature of
105 [err]C . B. dielectrilg _biggkdewn|yartiage |°
42 Filmfree of %8 deppkitilon i s used |as specimen for
eval uati on whi ch was perfoﬁ@b aqcjor p tio Pl 5 €2319. A rubber
sheet with a Shore hardnesiged anp T ckngss '
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of about 2 mMmmis spread over a netal sheet of an appropriate size, which
is provided with a stack of 10 sheets of alumnumfoil of a thickness of 6
[err] mto serve as |ower electrode and a 8 nmdianeter brass cylinder of
about 50g having a snmooth, flawl ess bottomwith its 1 nmm peripheral part
rounded to serve as upper electrode. Prior to the test, the speci nen was
left in an environment of a tenperatureSbf 20 5[err]C and a relative

hum dity of 65 5% for 48 hours or-nore. The speci nen was pl aced between

t he upper el ectrgde g?d he | ower elaemc Lo 2 ¢ N an environment of a
tenperature BF"BO°T &/ éﬁ”@?? VEnG A réfative humidity of 65 5% and a

DC_ power source V"asznuﬁﬁgnﬁlgs anp Yge E;ngo&at@qeab@ta\geegga ha. Ekﬁ@llépﬂe&
which was increased fromOV at a rate of 100 V/sec until dielectric

br eakdown t oGlerpl @s add tfihal wad prOdegecundans dieferenesstaktckibeg diel ectric
br eakdown vol tage of each specinen was divided by its thickness, and its
average was cwmnditiansd. Bpdapneles Swibdllghs ofs @pbyrbgienpdevePieraiptam or
nore were judged "accepted". (19) .Travelli durabilit nd preservability
of magnetic t'dpgrinsic Vlscﬁéysq.rrsféc%mﬁ‘cﬁsn% Sf'&l"r‘i’é‘ B?é&%n{"ef?%\}‘@ﬁ i 6% was

coat ed wit hofpa}.fgg‘g{%ilf lﬁfitﬂg Yl ol fi k! ANIRCE LARROST L[ GR_ Hihrle? 6

t hi ckness err magneti cally ordered, dried. Then, the other
surface was Goat @dand Chnpalidtke Gxahpl@)ser pai 1dtst & goakéenyizege conposi tion,

foll owed by cal endering and curing at 60 [err]C for 48 .

terephthalate {(intrinsic viscosity 0.65) produced by a known method
were used to produce film using the same drying conditions, extruder,
T-die, and stretching machine. The stretching conditions are shown
in Table 1. Table 1 shows the film production conditions, and the.
breakage frequency of the film, while Table 2 gives the ratio (A/B)
of the maximum thickness of the edge part of the non-stretched film
(A) to its thickness at the center of width (B), its refractive
index, and its crystallinity, as well aslthe refractive index,
birefringence, and crystallinity during the film production process.

Table 3 shows the resultant f£ilm's Young's modulus, circumferential
half-width of the diffraction line, crystal size, diagonal Young's
modulus, propagating tear strength in the width direction,
refractive index in the normal direction, planar orientation index,
and density, while Table 4 gives its creep compliance, heat
shrinkage starting temperature, heat shrinkage at 80 °C , and peak
intensity in laser Raman scattering (R}.

If the properties of the film biaxially stretched in the

machine direction and the transverse direction were in the required



43 hours. Another 1/2 inch wide strip specinmen was cut off fromthe
original filmand processed into a magnetic tape, fromwhich a 200m
portion was taken and incorporated in a cassette to produce a videotape
cassette. (Conposition of nagnetic paint) [err] Ferromagnetic netal

powder : _ 100 parts by weight J[err] Mdified vinyl chloride
copol yner: . 10 parts by weight 5Rerr] Modified pol yurethane:
10 parts by wei ght [err] Pol yi socyanat e: _ 5

Bg::t: B))C ﬁ: gﬁﬁ" grr] %;g?%legtaigalventlon, the film was high in strength 1n5

part by el grﬁoth[@ﬁé]magﬁixg)ﬁlpééﬂﬂén and the transverse direction, strengthl part

by weight [err] Al um na: 10 parts by
wei ght [err]idVathydiretbydnskeficinigr the £ilm plane, deformation raglmg by
wei ght [err] Cycl ohexanone: arts b

wei ght [err]uﬁﬁgputgﬁg, and dimensional stability, as well as stab751 Gusin

wei ght (Corrp05| tion of back coat Car bo bI ack verage ,qr si ze

ggonn)n) ; theg§1 Hn, HrodycriRg, ﬁfﬁ"’)esfér r]"] ara €eer agg gh?)algwsr ze
nn : ’ e

0.1 part by V\I/{éql%%tlp %??WI\/\% ?&‘ygs%%zlf ydﬁf[gt%?nggémaﬂaled stfectively in

parts by wei gffe tE&KdvlerMdiifrieedion ape «Hel aetitdmecopaicptes; and sufficiedd
parts by weight [err] Cycl ohexanone: 200
parts by wei gitirenfeh rw]asl\mﬂqybhegm faklimg: to produce a film that could meg}
parts by wei ght

the criteria of the present invention.
Examples 8-9

The same material as in Example. 1 was used to produce
substantially non-oriented, non-stretched cast film, Specifically,
biaxially stretched film with a thickness of 10.1 gy m was produced
by the same procedure as in Example 1 except that the slit space of
the die, which worked to shape the molten PET into a sheet, was
controlled in the width direction so that the ratio (A/B) of the
maximum thickness of the edge part of the non-stretched cast film
(A) to its thickness at the center of width (B) was 1.7 in Example 8
and 6.5 in Example 9. Table 1 sﬁows the film production conditions,
and the breakage frequency of the film, while Table 2 gives the
ratio (A/B) of the maximum thickness of the edge part of the non-
stretched film (A) to its thickness at the center of width (B), its
refractive index, and its crystallinity, as well as the refractive
index, birefringence, and crystallinity during the film production

process. Table 3 shows the resultant film's Young's modulus,



[err] Tol uene: ' 100 parts by weight

44 The tape was allowed to run for 100 hours in an | BM "Magst ar
3590" MODEL B1A tape drive, and its travelling durability was eval uated
according to the following criteria. [err] : free fromelongation and
bendi ng at tape end, and no surface damage. [err] : free from
el ongation and bending at tape end, but 58 snall anount of surface
damage found. X suffering elongation at part of tape end, tangle-like
def ormati on, d.surface e . Af t recordi.ng data,on t.he tape
in the video %ars?é”é'??reen%%?gg‘rﬁ? RE YEBVPF NEGsT égrfggbqn cﬁ%ﬁ\t?gpsel %Gt ve,
the video casgglgbfia B%unb e ol &) gp%gggqemttegi S leBgPeriat Whe WacfiOlerr] C
and a relative "humdity of 80%for 100 "hours, and subSequently data were
reproduced tdirecaiemt eeffetiresaideabin ithy drmahedimeeion, plenat : no shift

of tracks, normal reproduction [err] : no changes in tape width, part of

data not repreodgotation Xndexoppd deangts whilqFabhe dt Wivelatixsneresrepr oduced

Exanpl es .The present invention wll be ex{PI ained in_npre detail in
compliance, heat shrinkage starting temperature, heat shrinkage at

80 ° C, and peak intensity in laser Raman scattering (R).

In Example 8, the rigidity of the film end was insufficient
during the stretching in the machine direction (MD stretching 1).
As a result, the width became narrower (neck-down), and refractive
index increased, leading to an increased crystallinity of the
biaxially stretched film. 1In Example 9, a difference in £film
thickness took place, and the birefringence at the end of the
biaxially stretched film was 0.018, leading to a decreased draw
ratio in the subsequent stretching in the machine direction (MD
stretching 2).
Examples 10-12, Comparative examples 6-9

Two extruders, referred to as A and B, were used. Peilets
of PET I (intrinsic viscosity 0.65, glass transition temperature 75%},
melting point 255°C , containing 0.16 wt% spherical silica particles
with average diameter of 0.07y m) were vacuum-dried at 180 °C for 3
hours, and fed to extruder A heated at 280 °C, whereas pellets of
PET II {intrinsic viscosity 0.65, glass transition temperature 75C,
melting point 255 °C, containing 0.2 wt% spherical cross-linked
polystyrene particles with average diameter of 0.3y m and 0.01 wt%.

spherical cross~linked polystyrene particles with average diameter



reference to exanples. Exanple 1 Pel | ets of polyethyl ene
terephthalate (intrinsic viscosity 0.65) produced by a known nethod were
vacuumdried at 180 [err]C for 3 hours, supplied to an extruder heated at
280 C, and nelt-extruded through a T-die into a sheet. The sheet was put
over a cooling drum 45 with a
surface tenperature of 25 [err] C using edgectrostatic force to ensure their
cl ose contact, so that the sheet would be cooled to solidify into a

subst anti al | Yo@ns gruljeRtedl Jalchih-dkikad dd 180 V@S rosty @lbabed dnadesq tie
conditions given in Table 1. It was first stretched in the nmachine

direction in extroagr tlutleatdd atrziCl¢ ng Thentdo meteohtlissverny thbnseudiakdr ol | s

using the differences anobng their circunferential speeds for stretching
(MD stretchi nip the Tifdg (}amipate satée HEd FlWRe REb e di ettt dswmin a
stenter (TD stretchi n_the stenter fo second

tretched
transverse stri 3h7%3gf°r[§e§‘§Fré?etccl ﬁ&f %gacht'?sé‘f‘Eheelcf égfﬁatlﬁ HEE8Ni ne
direction in {NG LolHei$t £ RILNEOG LRCNUNYNEMUR! LRIENBE1EIbe EHELDES

stretched in the transverse direction in the stenter (ID stretching 3),
heat -t r eat ed,scaaai £ in@or £ Gont etgeechédirnianihiald aned, byhé aminate film was
1.571 in the refractive index in the machine direction, 1.570 in
the refractive index in the transverse direction, and 0.8% in
crystallinity. The ratio (A/B) of the maximum thickness of the edge
part of the non-stretched film (A) to its thickness at the center
of width (B) was 3.8. This non-stretched film was heated on
heating rolls (surface material: silicone rubber) and stretched in
the machine direction at the temperature and up to the draw ratio
given in Table 5, followed by cooling (MD stretching 1). The film
was held by clips at its both ends and introduced into a tenter,
where it was stretched in two steps in the transverse direction at
the temperature and the draw ratio given in Table 5 (TD §tretching
1 and 2). The film was heated on heating metal rolls and stretched
in the machine direction at the temperature and the draw ratio given
in Table 5 (MD stretching 2). Subsequently, with its ends held by
clips, the film was introduced into the tenter and stretched in two
steps in the transverse direction at the temperature and £he'draw
ratio given in Table 5 (TD stretching 3), followed by heat
treatment at a temperature of 200 °C, relaxation in the transverse

direction in the 150 °C éooling zone at a relaxation rate of 3%,



trimmng of the filmedge to produce biaxially stretched filmwith a

t hickness of 10.1 [err] m Table 1 shows the film production conditions,
and the frequency of film breakage, while Table 2 gives the ratio (A/ B) of
the maxinum thi ckness of the edge part of the non-stretched film(A) to
its thickness at the center of wwdth (B), its refractive index, and its
crystallinity, as well as the refractiv&index, birefringence, and
crystallinity during the film production process. Table 3 shows the

resul tant fil m SaanQ:{Jong h, the glflans rgé rtﬁ%?@%fo%nahaéheh@ba QBHe OJt tahe

diffraction 175 nsflal Si ze, |agona oung' s nodul us, propagating tear

strength in tﬂeelaxX“canh rdtd &%t L ofy, GRAdRAl by iingdex ﬂoamtﬂﬁn;ﬁeaﬂiade diakect i on,
pl anar orientation index, and densi ty, while Table 4 gives its creep

46  conpl i angmaiheat strexﬂtagsoxstratélwug temped dedirte, adiwEt theifidmge at 80
[err]C, and peak intensity in |aser Raman scattering (R). The roperties
of the fil m bikdekness tot § ctiched Takle e sharnithe &1 1Lerp ?Ftlaﬁdcwﬁgtm“s'

e R R
direction and,dfie,l [ARSVALS Qofll{&SkERLY fliﬁr@ngw itd 8hickdlek8Cid @g Wi thin
the film pl ane, detormation resistance under | oad, and di nensi onal
stability, ascaiekl &6 width (B), its refractive index, and its crystallinity, as
well as the refractive index, birefringence, crystallinity, and
breakage frequency during the film production process. Tabkle 7
shows the resultant film's Young's modulus, circumferential half-
width of the diffraction line, crystal size, diagonal Young's
modulus, propagating tear strength in the width direction,
refractive index in the normal direction, planar orientation index,
density, and surface roughness, while Table 8 gives its Creep
compliance, heat shrinkage starting temperature, heat shrinkage at
80°C , and peak intensity in laser Raman scattering (R), as well as
magnetic tape's travelling durability and preservability.
In Exampie 11, the total draw ratio for the MD stretchiné i
process was achieved in two steps, and the total draw ratio for MD
stretching 2 was achieved in two steps, which further increased the
strength of the film. In Comparative example 6, molecular chains
of PET were not disentangled sufficiently in the machine direction,
making it impossible to produce a film that could meet the criteria
of the present invention. In Comparative example 7, the film's

orientation and crystallinity after MD stretching 1 and TD



stability during the fil m production process.

47
[err]

[err]

49

56

stretching 1 were not sufficiently high to meet the criteria of the
invention, and film breakage took place in MD stretching 2 and TD
stretching 3, resulting in a decreased draw ratio. In Comparative
example 8, molecular chains of PET were disentaAgled only in the
machine direction, making it impossible to produce a film that could
meet the criteria of the present invention. In Comparative example
9, molecular chains of PET were not disentangled in the machine
direction and the transverse direction, making it impossible to
produce a film that could meet the criteria of the present

invention.



[err] 50 [err] ' 51
Exanpl es 2-7, Conparative exanples 1-5 I n Exanples 2-5, the sane
materials as used in Exanple 1 were used and fil mwas produced under
different stretching conditions. In Exanple 5, pellets of polyethyl ene
terephthalate (intrinsic viscosity 0.86) produced by a known nmethod were
used to produce filmby the sanme procedygfe as in Exanple 1. In Exanples 6
and 7 and Conparative exanple 5, pellets of polyethylene terephthalate
(intrinsic viscosity 0.65) produced by a known nethod were used to produce

filmusing the sane dryi ngfcongity pn§, [EX rPd r T-]di e, and stretching
machi ne. The stretching cofxdidi|gns|-ale |Sho o R|afadl e 1. Table 1 shows the
. . . h u“uspfzwv (=) néT{ ) o Qe . .
filmproduction conditions)gsa [the |btedkgge| f requgncy of the film while
Table 2 gives the ratio (A/B
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of the maxi mum thi ckness of the edge part of the non-stretched film (A) to
Its thickness at the center of wdth (B), its refractive index, and its
crystallinity, as well as the refractive index, birefringence, and
crystallinity during the film production process. Tabl e 3 shows the
resultant films Young's modulus, circunferential half-wdth of the
diffraction line, crystal size, diagonal 56oung's nodul us, propagating tear
strength in the wwdth direction, refractive index in the normal direction,
pl anar orientation index, and density, while Table 4 gives its creep

conpliance, heat shrinkage-starting te e —heat shrinkage at 80
[err]C , and peak intensig% im [l hsed Ranmpn|sc¢attlefi g (R. If the
properties of the film bi gmalh%os1ie¢c 5?80 chine direction and
the transverse direction wWige i ve |F dquiY
52 range for the present|/®snvert) pn| t fllmwas| hfgh in strength in
both the machine direction-prertheta rpereiriegtfon, strength in al
directions within the fil mdal ahg,| feflor i pnjredi pt fance under | oad, and
di mensi onal stability, as [@&l}4gs| stabiflify|dyringj the film production
process. In Conparative exddpl €53(5i5 . HBWEVRr | [31Blse¢ul ar chai ns of
pol yester were not disentdgadl ed jef {e¢tijvel yjih
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the transverse direction and the machine direction, and sufficient

strength was not achieved, failing to produce a filmthat could neet the
criteria of the present invention. Exanples 8-9 The sane materia
as in Exanple 1 was used to produce substantially non-oriented,
non-stretched cast film Specifically, biaxially stretched filmwith a

t hi ckness of 10.1 [err] mwas produced ﬁ@ the sanme procedure as in Exanple
1 except that the slit space of the die, which worked to shape the nolten

PET into a sheet, was conpt+roelledin-the wdth-direecfion so that the ratio
(A/B) of the maxinmumt hi *r%ﬁs MJF@ ﬂok  he non-stretched cast
film (A toits thicknesa&gi“ t [aRlctené g6 #1sleB) was 1.7 in Exanple 8
and 6.5 in Exanple 9. Tabl2Edshps the duct| on conditions, and
t he breakage frequency of %ﬁgoflLT] whi 4 [gives the ratio (A/B) of
t he maxi mum t hi ckness of {dfey bdgR|-parnt |s }laln Str-etched film(A) to
its thickness at the cent ¢ |pf (W | [T E YfIragtive index, and its
crystallinity, as well as|the rle ctli ki refringence, and
crystallinity during the fid m grigRbctd ¢ Julo TR0l € 3 shows the
resultant filns Young's (Edul ygaialm |o mlan
53 circunferential half {3 dt Hjof |t tire Q"1 y ne, crystal size,
g
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di agonal Young' s nodul us, propagating tear strength in the width
direction, refractive index in the normal direction, planar orientation
i ndex, and density, while Table 4 gives its creep conpliance, heat
shrinkage starting tenperature, heat shrinkage at 80 C, and peak
intensity in |laser Raman scattering (R). : In Exanple 8, the
rigidity of the filmend was insufficiengg during the stretching in the
machi ne direction (MD stretching 1). As a result, the w dth becane
narrower (neck-down), and refractive index increased, |eading to an

increased crystallinity of the bhjaxially stretched film In Exanple 9, a
difference in film thickness { dok bl ace, jand thd bj refringence at the end
of the biaxially stretchg8xf I Mwap 0.018, ] ehdijng| to a decreased draw
ratio in the subsequent stlEgtihblolg |« {4 e |rekh|oj«di recti on (MD stretching
2). Exanples 10-12, Conpgfatjye expnpl ¢s |6-B Two extruders,
referred to as A and B, wgtg upgqd. Pell ety pfiPET | (intrinsic viscosity
0.65, glass transition ten yrie 750 edr HC 1 !tL. poi nt 255[err]C ,
containing 0.16 wt % spherijgal| $iflfi cp paftijclles| [gth average di ameter of
g y _
0.07[err] m were vacuum ¢ife dléxlgp)le;u fqorogg hours, and fed to
extruder A heated at 280 [[&8Rr[C],| wheleas pel | et gq PET Il (intrinsic
viscosity 0.65, glass trans#t) pn [t epperatdrel 76 der] C nelting point 255
[err]C, containing 0.2 w9yspieTicat [ciogs-[Tigd | pol ystyrene particles
with average diameter of Q53 Elfim” ahd10.10L wt 46| spherical cross-1inked
pol ystyrene particles withr gualade di gret dr s s
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54 of 0.89.m were vacuumdried at 180 [err]C for 3 hours, and fed to
extruder B heated at 280 [err]C. The two materials were then conbined in
the T-die (lamnate ratio I/I1 = 10/1) and put over a cast drum wth a
surface tenperature of 25 [err]C using electrostatic force to ensure their
cl ose contact, so that the sheet would be cooled to solidify into a
non-stretched lamnate film The lamnate filmwas 1.571 in the refractive
index in thg machi ne direction, 1.570 iPlthe refractive index in the
transverse direction, and 0.8%jn crystallinity. The ratio (A/B) of the
maxi mum t hi ckfRPEr a3t en&*¥RJE hart of the non-}s/tretched fi Iﬁn(Ag toits

t hi ckness at the ce'rbtﬁ%lrmst?;sus\r%gtgh( Red3S1328 in BRmp18010 Staf bRk ELhSR Was

heated on heating ro ace material: silicone rubber) and stretched
in the machi nidkt@&Gin@Nwa pkbeudeRNperidielsnapdotsivre adeind ERumpIRL 10

given in Table 5, followed by cooling (MD stretching 1). The film was held
by clips at idsepotthagndssiaed was moddeesf iahtan dncegrsed, extyvsien| ratgasf
stretched in two steps in the transverse direction at the tenperature and

L he d(rj aw rﬁti@egiev‘ewqeﬁ Fab|tdat {hpDrettERnrdg of Hifucast wWE. YR whs
eat ed on heat| netal roll d st o | h i di i
r}gﬁa ?ﬁ['ngea turse g us%:e[ieéoc Q% ‘E ,ITSIB% e]%gl? écf"%o Eﬁcﬁxcetaésgn at

theterrperatu?‘g . awr 8110 grven i stretching 2).
Subsequent |y, sy thed tox GRESidICLEL et | RRe AdiestiddBneasidninzedusiac was o

the tenter and stretched in two
1.574 in the refractive index in the machine direction, 1.572 in the
refractive index in the transverse direction, and 1.8% in
crystallinity. This laminate film was stretched under the
sequential biaxial stretching conditions used in Example 11 shown in
Table 5, but frequent film breakage took place during the MD
stretching 2 process. So, stretching was carried out under the
sequential biaxial conditions given in Table 5 to produce a
stretched film with a thickness of 6.7y m. Table 5 shows the film
production conditions, and Table 6 gives the ratio {(A/B) of the
maximum thickness of the edge part of thé non-stretched film (a) to
its thickness at the center of width (B), its refractive index, and
its crystallinity, as well as the refractive index, birefringence,
crystallinity, and breakage frequency during the film production
process. Table 7 shows the resultant film's Young's modulus,
circumferential half-width of the diffraction line, crystal size,
diagonal Young's modulus, propagating tear strength in the width

direction, refractive index in the normal direction, planar

orientation index, density, and surface roughness, while Table 8



steps in the transverse direction at the tenperature and the draw ratio
given in Table 5 (TD stretching 3), followed by heat treatnent at a
tenperature of 200 [err]C, relaxation in the transverse direction in the
150 [err]C cooling zone at a relaxation rate of 3%

55 relaxation in the transverse direction in the 100 [err]C zone at a

rel axation rate of 1.0% gradual cooling to roomtenperature, and w nding.
The extrusion rate was controlled to adjast the film thickness to 6. 7[err]
m Table 5 shows the film production conditions, and Table 6 gives the

ratio (A B) CRveReitfagragAncoRPtianses ity prinkage sFArting teRRSITGHEEt r et ched
fil A t its thick t t f i dih (B i i .
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production process. Table 7 “"shows the resultant films Young's nodul us,
ci rcunf erent iglesbaddbilivg dth of the diffraction line, crystal size,

di agonal Young's nodulus, propagating tear strength in the w dth
direction, refractineConrmbartive Branplks Al dier eEYStGA ipitanaf Hhe @drati on

index_, density, and surface rouqh ess, V\Qi Ice Tgbjﬁle 8t iov_ei (iatbsia(;{r.gfp

conpl i ance, HEXEterRd ARipy&ag &9 ﬁB ’fslbaﬁp& QTP Hedt ghl’fl TRageaxdatly

80[err]C, and Reatcd PRSI, b LBPELHTRGRN 860H QkDOHiRY: 18%Bbt A
the desired range for the present invention, making it impossible
to produce a film that could meet the criteria of the present
invention.
Comparative example 11

From the same PET material as in Example 10, a non-stretched

laminate film was produced by the same procedure as in Example 10.
This non-stretched film was introduced to the heating metal rolls
for heating at -a temperature of 95 °C and stretching at a draw
ratio of 3 times in the machine direction, and the longitudinally
stretched film was introduced to the tenter, with its ends heid by
clips, for heating at a temperature of 100 °C and stretching at a
draw ratio of 3.61 times in the transverse direction. This
biaxially stretched film was introduced to the heating metal rolls,
and further stretched at draw ratios of 1.3 and 1.1 times in the
machine direction at the two temperatures of 105°C and 140°C . This
stretched film was introduced to the tenter, with its ends held by
clips, heated to 190 °C, and stretched in the transverse direction

to a draw ratio of 1.4 times, fcllowed by heat treatment at a



magnetic tape's travelling durability and preservability. I n
Exanple 11, the total draw ratio for the MD stretching 1 process was
achieved in two steps, and the total drawratio for MD stretching 2 was
achieved in two steps, which further increased the strength of the film

I n Conparative exanple 6, nolecular chains of PET were not disentangled
sufficiently in the machine direction, ©3aking it inpossible to produce a
filmthat could neet the criteria of the present invention. In Conparative

cxample 7. the, LS. & H60UE 90 ANiSVA! Thb! flshbvgfden MR athet ghi ng 1

sufficiently Jl.opsd a ﬁaht,eez&{e' Lerd 3.90xddien L40eeBEI 9. ranghfiibl i eakage

took place in MD stretching™2 and TD stretching 3, resulting in a
decreased dr awel eddn@vetse GaRPaTidhi e thexampl® Bondmakes Weakxatidnngaod 2ET
were disentangled only in the machine direction, making it inpossible to
produce a fi llnPthatradogl doolbet tpheoqyr FPWQI&*—B?H Hedpw(;siens- i rRhent i on.

Conpar ative exanple 9, nolecul ar c PET wer .dj sent an i n
the machi ne SIEFREIPORILHIE h‘é°"ttF8 Fge ‘{ﬂ"}s&c'fkle ﬁll'l‘ra 1ﬁbn?sts tﬁg%)’ssﬁ‘ bl e

to produce g filmthat Gol! thd8sin 1BabEL i EondlleibhS, RLGSENN1e ENYRAL ON.

the ratio (A/B) of the maximum thickness of the edge part of the
non-stretched film (A) to its thickness at the center of width (B),
its refractive index, and its crystallinity, as well as the
refractive index, birefringence, crystallinity, and breakage
frequency during the film produetion process. Table 7 shows the
resultant film's Young's modulus, circumferential half-width of the
diffraction line, crystal size, diagonal Young's modulus,
propagating tear strength in the width directioh, refractive index
in the normal direction, planar orientation index, density, and
surface roughness, while Table 8 gives its creep compliance, heat
shrinkage starting temperature, heat shrinkage at 80°C, and peak
intensity in laser Raman scattering (R}, as well as maénetic tape's
travelling durability and preservability.

In this comparative example, molecular chains of PET were
not untangled in either the machine direction or the transverse
direction. 1In this case, despite the re-stretching to increase the
strength, the Young's modulus was low and deformation resistance
under load was not high.

Example 13



57 [érr] 58 [err] 59 [err]
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This example uses high-molecular wéight polyethylene
terephthalates.

Two extruders, referred to as A and B, were used, Pellets
of PET I {intrinsic wviscosity 0.75, glass transition temperature 76
°C, melting point 256 °C, containing 0.16 wt% spherical silica
particles with average diameter of 0.07y m) were vacuum-dried at
180 °C for 3 hours, and fed to extruder A heated at 280 °C, whereas
pellets of PET II (intrinsic viscosity 0.75, glass transition
temperature 76°C , melting point 256°C, containing 0.2 wt% spherical
cross-linked polystyrene particles with average diameter of 0.3y m
and 0.01 wt% spherical cross-linked polystyrene particles with
average diameter of 0.8 x4 m) were vacuum-dried at 180 °C for 3
hours, and fed to extruder B heated at 280 °C. The two materials
were then combined in the T-die (laminate ratio I/II = 10/1) and
put over a cast drum with a surface temperature of 25 °C using
electrostatic force to ensure their close contact, so that the
sheet would be cooled to solidify into a non-stretched 1amina£e film
{(1.571 in the refractive index in the machine direction, 1.570 in
the refractive index in the transverse direction, and 0.6% in
crystallinity). This non-stretched film was heated on heating
rolls (surface material: silicone rubber) and stretched in the
machine direction at the temperature and up to the dra% ratio given
in Table 5, followed by cooling {MD stretching 1), The filﬁ was
held by grips at its both ends and introduced into a tenter, where

it was stretched in the transverse direction at the temperature and



60 [err] 61 Conparative
exanpl e 10 Fromthe same PET naterial as in Exanple 10, a
non-stretched lamnate filmwas produced by the sanme procedure as in
Exanpl e 10 except that a sheet was produced at an increased extrusion rate
of the extruder and that the rotation rate of the cast drum wth its
surface tenperature adjusted to 60 [err]dg, was increased to increase the
rate of winding the sheet. The non-stretched lamnate filmwas 1.574 in
the refractive index i.n the pachine dlrectlon 1.572 in the refchtlve

i ndex in the “®r ’é‘hs"x;‘«?r dE2YiTAELR | BN aHY TP R, ARd FPsEAIREY SErepshgd in
lam nate fil r@hg’aérﬁ.éizg%%‘%qﬁ&dj%r Spethesggxﬂ?e'}%l:@zle RLaXA oSk S RLNY

condi ti ons use
ratio given in Table 5 (TD stretching 1 and 2). The film was heated

on heating metal rolls and stretched in the machine direction at
the two temperatures given in Table 5 and up to the draw ratio given
in Table 5 (MD stretching 2). Except that the film, with its ends
held by clips, was introduced into the tenter and stretched in the
transverse direction at the two temperatures given in Table 5 and
up to the draw ratio given in Table 5 (TD stretching 3), the same
procedure as in Example 10 was carried out to produce a biaxially
stretched film with a thickness of 6.7 u-m. Table 5 shows the film
production conditions, and Table 6 gives the ratio (A/B) of the
maximum thickness of the edge part of the non-stretched film (A) to
its thickness at the center of width (B), its refractive index, and
its crystallinity, as well as the refractive index, birefringence,
crystallinity, and breakage frequency during the film production
process. Table 7 shows the resultant film's Young's modulus,
circumferential half-width of the diffraction line, crystal size,
diagonal Young's modulus, propagating tear strength in the width
direction, refractive index in the normal direction, planar
orientation index, density, and surface roughness, while Table &
gives its creep compliance, heat shrinkage starting temperature,
heat shrinkage at 80°C , and peak intensity in laser Raman scattering
(R), as well as magnetic tape's travelling durability and

preservability.



Tabl e 5, but frequent film breakage took place during the MD stretching 2
process. So, stretching was carried out under the sequential biaxial
conditions given in Table 5 to produce a stretched filmw th a thickness
of 6.7g m Table 5 shows the film production conditions, and Table 6 gives
the ratio (A/B) of the maxinmmthickness of the edge part of the
non-stretched film(A) to its thicknesggt the center of width (B), its
refractive index, and its crystallinity, as well as the refractive index,

bi ref ringence,  cryshalLldiokYeryde b £akage, ff RIMRICKoMAIAY Jdin hike
abl e S

production process. ows the resultant” films Young' s nodul us,

ci rcunferential phadfinwl €6 hrofiudd@ difd renatiwiz hiqier Ghystimingsh zmd tdaagonal
Young' s nodul us, propagating tear strength in the width direction,
refractive i n@@istandehehsrorthal £idinr éutBxamplelidnar orientation index,
density, and surface roughness, while Table 8

62 gives it Exempdp Idonpliance, heat shrinkage starting tenperature, heat

shri nkage at 80[err].r§‘:&,5 g}gagnpﬁgggeisnhﬁaég ti.ﬁr?wltu(élgeerm 5&‘@%&8% gring (R,
e i hg rapili

as well as nmagnetic y an préeservability.

I n Conparati gihrgg_.lg‘ d&iahhe crystallinity of the non- stretched film
was so high ;iﬁ’égét e c?ystlgllinity of the biaxially

Two extruders, referred to as A and B, were used. Pellets
of polyethylene naphthalate (hereinafter, referred to as PEN) I
(intrinsic viscosity 0.65, glass transition temperature 1247,
melting point 265 °C , containing 0.16 wt% spherical silica particles
with average diameter of 0.07 y m) were vacuum-dried at 180 °C for 3
hou?s, and fed to extruder A heated at 290 °C , whereas pellets of
PEN II (intrinsic viscosity 0.65, glass transition temperature 124
C , melting point 265 °C, containing 0.2 wt% spherical cross-linked
polystyrene particles with average diameter of 0.3y m and 0.01 wt%
spherical cross-linked polystyrene particles with average diameter
of 0.8y m) were vacuum-dried at 180 °C for 3 hours, and fed to
extruder B heated at 290 C. The two materials were then combined
in the T-die (laminate ratio I/II = 10/1) and put over a cast drum
with a surface temperature of 25 °C using electrostatic force to
ensure their close contact, sc that the sheet would be cooled to
solidify into a non—st?etched laminate film. The laminate film was
1.649 in the refractive index in the ﬁachine direction, 1.648 in
the refractive index in the transverse direction, and 0.7% in

crystallinity. This non-stretched film was heated on heating rolls



stretched filmafter MD stretching 1 and TD stretching 1 was not in the
desired range for the present invention, making it inpossible to produce a
filmthat could nmeet the criteria of the present invention. Conparative
exanple 11 Fromthe sanme PET material as in Exanple 10, a
non-stretched lamnate filmwas prodUceg by the sane procedure as in
Exanpl e 10. This non-stretched film was ntroduced to the heati ng net al
rolls for heating at a tenperature of 95 [err]C and stretching at a draw

ratio of 3 tipES faBe (i HRENY 181 HLdRC LMLy )20k LRE L ORI gﬁ'déﬂ%alnwhine

stretched filmwas introduced to the tenter, with its ends held by clips,
for heating adirctespeitathé ebedhrkesind Gpatd thkr @ifhirBgidlgi@endimw rati o
of 3.61 tines in the transverse direction. This biaxially stretched film
was i ntroducetritie fhefdidavehdyneealingol ¥k strepmhingrt her The rfdtlohesls dieldr aw
ratios of 1.3 and 1.1 tines in the mchine direction at the two

tenper atures BF °1OBf i’ FES ARFh1AOTRAP CRETRATERT SPFRACABYET 1 HIGES 1€
i ntroduced to J‘%tl%tgédl%lr ’ni)t("'t% L se@f?stﬂekga@(z.ergé'c{l%égt'lgc?n;ta%g . 190

[err]C, and Stretc he "transverse direction wratio of 1.4
times, followedpR¥ab&d ahé 63 RBNEhéAlirdw ratio given in Table 5 (TD stretching

o3 1 and 2). The film was heated on heatihg metal rolls and stretched
in the machine direction "at the temperature and up to the draw
ratio given in Table 5 {(MD stretching 2). Subsequently, with its
ends held by clips, the film was introduced into the tenter and
stretched in two steps in the transverse direction at the
témperature and up to the draw ratic given in Table 5 (TD
stretching 3), followed by heat treatment at a temperature of 210°C,
relaxation in the transverse direction in the 170 °C cooling zone at
a relaxation rate of 3%, relaxation in the transverse direction in
the 130 C =zone at é relaxation rate of 0.5%, gradual coolipg to
room temperature, and winding. The extrusion rate was controlled
to adjust the film thickness to 6.7y m. Table 5 shows the film
production conditions, and Table 6 gives the ratio (A/B) of the
maximum thickness of the edge part of the non-stretched film (A) to
its thickness at the center of width (B), its refractive index, and
its crystallinity, as well as the refractive index, birefringence,
crystallinity, and breakage frequency during the film production
process. Table 7 shows the resultant film's Young's modulus,

circumferential half-width of the diffraction line, crystal size,



tenperature of 200 [err]C , relaxation in the transverse direction in the
150 [err]C cooling zone at a relaxation rate of 3% relaxation in the
transverse direction in the 100 [err]C zone at a relaxation rate of 1.0%
gradual cooling to roomtenperature, and wi nding. The extrusion rate was
controlled to adjust the filmthickness to 6.7[err] m Table 5 shows the
fil mproduction conditions, and Table 6 @ ves the ratio (A/B) of the

maxi num t hi ckness of the edge part of the non-stretched film(A) to its

thickness at i ogaggy;s{,% fst glnv'ngsQB ma‘i@tg%ixgeftregptAtvr%f,gaﬁ% Egg%idttﬁ

crystallinity, as refr I ndex, bireffingence,

crystal linitya;rapgidd,eakagrcilé 6HdeRCYn AHE] Mrmhheafrelc-Ri P 0GuehaON process.
Table 7 shows the resultant film s Young's nodul us, circunferenti al

hal f -w dt h ofordilketaidiohf iaddx,odensitg, ordystafacs zreyghtieagondlil¥oTatgess
modul us, propagating tear strength in the width direction, refractive
i ndex in thediV6Fndls GreeR (GOBR1LNCEn el FRIXRPD FHaRELRE tGBReTAYRreand

surface roughness,. while Tab 8 gives its creep conpliance, heat .
Shri nkage ot dFREnETaEs At PEC ndn Se ArEGEtly Folerd Enal Hassapine
intensity in gsege R@%naégét;ﬁ@{i!é"g_aé@)s’ t2gvalihg A ABINALY Gnbape’ s
travelling durability and préservability. In this conparative
exanpl e, nol atkkarvadiaieg. of PET were not untangled in either the nachine
direction or the transverse direction. In this case, despite the
re-stretching to incré&ade afhthe fnegpgt Hrvepelorouirhs was duilals it tesgtind

def or mati on I’aensdi tszgf'rn%eesigtna%%re -'!tsoawgl éss r;%tab:mi%g' dur%%n?ilem ]§3ro_duction was
also obtained when PEN was used as polyester material
Comparative example 12

A non-stretched laminate film was produced by the same

procedupe as in Example 14. This non-stretched film was introduced
to the heating metal rolls for heating at a temperature of 140 °C
and stretched at a draw ratio of 4 times in the machine direction,
and the longitudinally stretched film was introduced to the tenter,
with its ends held by clips, for heatihg at a temperature of 135°C
and stretched at a draw ratio of 3.8 times in the transverse
direction. This biaxially stretched film was introduced to the
heating metal rolls, and further stretched at a draw ratio of 1.2
times in the machine di;ection at a temperatures of 160 °C. This
stretched film was introduced to the tenter, with its ends held by
clips, heated to 190 °C, and stretched in the transverse direction
at a draw ratio of 1.3 times, followed by heat treatment at a

temperature of 210°C, relaxation in the transverse direction in the



64. Thi s exanpl e uses hi gh-nol ecul ar wei ght pol yet hyl ene

t er epht hal at es. Two extruders, referred to as A and B, were used.
Pellets of PET | (intrinsic viscosity 0.75, glass transition tenperature
76 J[err]C, melting point 256 [err]C , containing 0.16 wt % spheri cal
silica particles with average dianeter of 0.07[err] m were vacuumdri ed
at 180 [err]C for 3 hours, and fed to ee@ruder A heated at 280 [err]C ,
whereas pellets of PET II (intrinsic viscosity 0.75, glass transition

tenperature Zg[) r ]cg 1angp zone gatpgl I’lé ax%@.Lng r ]age.’c%tﬁggt a%ﬂa'}gagor? 1Wt (t),/ﬂe

spheri cal cross-lin yrene particles w average di aneter of

0.3[err] m andnfvdrken /fe%ieiﬂ@,i Ilqlakhsrmsd | JYaedapal ysmae;asnpaaaé ekes. o4t h
average diameter of 0.8 [err] m) were vacuumdried at 180 [err]C for 3

hours, and fegatgaexobuiiey tB hemt ecmmira?Bfe | end]ﬁndiﬂ'gie tthe emirasiaohs were
t hen conbined inthe T-die (lamnate ratio I/Il = 10/1) and_ put over a
cast drum wi triate was faceraldaperardivstothostlar Fhickngphdo & det-osFakie

f t th that th heet | d led t
Lol e te e Sniriche rEtor pEOTie i 2Rat Pinet 1oha FURES €\ %8vEs el PR o
in the machi Q%/Qi roefcttthaximémhueknéégeogeéx{eagagéf%aww £hi M}ﬁ-s L 20SMAT se

direction, and 0.6%in crystallinity). This non-stretched fil mwas heated
on heating fllm (A) to its thickness at the center of width (B}, its

refractive index, and its crystallinity, as well as the refractive
inﬁex, birefringence, crystallinity, and breakage frequency during
the film production process. Table 7 shows the resultant film's
Young's modulus, circumferential half—width_of the diffraétion line,
crystal size, diagonal Young's modulus, propagating tear strength
in the width direction, refractive index in the normal direction,
planar orientation index, density, and surface roughness, while
Table 8 gives its creep compliance, heat shrinkage starting
temperature, heat shrinkage at 80°C , and peak intensity in laser
Raman scattering (R), as well as magnetic tape‘’s travelling
durability and preservability.

When PEN is used as material as well, it was difficult to
stretch the film up to a high draw ratio and the resulting film was
not high in stability during film production and tear resistance
unless molecular chains of PEN were not untangled.

Examples 15 and 16, Comparative examples 13 and 14
Pellets of polyethylene terephthalate {intrinsic viscosity

0.65, glass transition temperature 75 °C, melting point 255 °C,



rolls (surface material: silicone rubber) and stretched in the nmachine
direction at the tenperature and up to the drawratio given in Table 5,
foll owed by cooling (MD stretching 1). The filmwas held by grips at its
both ends and introduced into a tenter, where it was stretched in the
transverse direction at the tenperature and -

65 up to the draw ratio given in Tabl ez and subsequently stretched in
the transverse direction at the tenperature and up to the draw ratio given

in Table 5 (TD _stretchin and 2).. . T f LG eal net al
( con% 1%fﬁgnbf é}ﬁ%agéheracalrgiosé—fgdﬁ@§ %ﬁ?g%?greﬂ%no? QQAHQQe

rolls and stretche né direction at Wo tenperatures given

in Table 5 angaWpedP of.BG Y odddddObPia/ RAown elRbd Qre2e(WMunhr-ef1dd BYg 2) .
Except that the film wth its ends held by clips, was introduced into the

tenter and strset@Chgdsk 3nhéodwx, suppldeérise adi edotuden featedeatt B0t Eriperdt ur es

given in Table 5 and up to the drawratio given in Table 5 (TD stretching
3), the sane mejtoesthyded sthrongEddepTedir0 inke ac§hested Ot FBGepr¥RfudBta
biaxially stretched film hi ckness

dmwth t of 6.7 [err able 5 shows
the film pr o?i’ﬁét?o‘f?°&6ﬂ?ii‘1ri“8n‘§1,athaﬁds B & %emé’f\ﬁae%'lrtehglr%% in%- A of the

ITB.?(i mum t hi ¢ %%%rggtattqg ftﬂ(gg p@re%sgie Ftlﬂgipqﬂb§£ rc?cInCEB_gg, fdol @h&tA)th?eO its
t hi ckness at the center of width (B), its refractive index, and its '
crystal linitysheas walilda BS ddoged &for a61idi€yi nilex a id-etretdedceast film.
This non-stretched film was held by clips at its ends, introduced
to a tenter for simultaneous biaxial stretching that had a drive
unit with a linear motor to move the clips, pre-heated at a
temperature of 110C , subjecte@ to the first-step simultaneous
biaxial stretching to a draw ratio given in Table 9, subjected to
the second-step simultaneous biaxial stretching to a draw ratio
given in Table 9 at a temperature of 80°C, heat-treated at a
temperature of 210°C , relaxed in the 120°C cooling zone at a
relaxation rate of 1.5% in the machine direction and a relaxation
rate of 2% in the transverse direction, cooled gradually to room
temperature, and wound. The extrusion rate was controlled to adjus£
the film thickness to 9y m. The temperature of tenter clips was 100
°C. 1In the comparative examples, the same procedure as in Example
15 was carried out except that the stretch temperature and draw
ratio were as in Table 9. When the film end part which was used to
hold the film by clips wa§ observed, evidence of film stretching was
found in Examples 15 and 16, whereas non-stretched portions were

found in the film end, and film was found broken from the film end,



crystallinity, and breakage frequency during the film production process.
Table 7 shows the resultant films Young's nodulus, circunferential

hal f-wi dt-h of the diffraction line, crystal size, diagonal Young's

nodul us, propagating tear strength in the width direction, refractive
index in the normal direction, planar orientation index, density, and
surface roughness, while Table 8 gives pis creep conpliance, heat.
shrinkage starting tenperature, heat shrinkage at 80[err]C , and peak

intensity in |aser Rangn scatteri a | td:G t : :
travel | i %g du’r’h&or‘P?VtéﬁaseWé’gglri\}gﬁflﬁip%‘y'. Talff s HoBPURE 1in’ PREIEL0n

66 T06a45 Sot aEFTb{E%ksaé AlreWilityd BhOheb180IEGubed voRi ghtigrade it

possible to produce a filmthat "was higher in strength and tear resistance
than the fil mi/m)ExsangHeenddinunEXRigNnesddbof the edge Pdmts oféxelgplnendses PEN
(pol yet hyl ene naphthal ate) as polyester material . Two extruders,
referred to astratghed Bilmet? doetts piftiness af thsl gerteyl eheridaBhi bkl dte

(hereinafter, referred to as PEER I ﬁ%intri.ns'c vLsc %it¥ quééfﬂL-%%e
transition tefffdrattye in9afedPRCts FEFEIMG PRI nfo 285 [ &F (T TEEHHT NI ng
0.16 VW‘%)Sphe{gégik giééf%%nggﬂgéhc$ﬁg;crystallinity during the film production
p;ocess. Table 11 shows the resultant film's Young's modulus,
circunferential half-width of the diffraction line, crystal size,
diagonal Young's modulus, propagating tear strength in the width
direction, refractive index in the normal direction, planar
orientation index, and density, while Table 12 gives its creep
compliance, heat shrinkage starting temperature, heat shrinkage at
80 °C , and peak intensity in laser Raman scattering (R).
In the case of simultaneous biaxial stretching as well,
failing to disentangle the PET molecular chains prior to orientation
by biaxial stretching, as in Comparative examples 13 and 14,
results in films with poor stretching properties, particularly at

the film end used for clipping, making it difficult to produce films

of the present invention.



wi th average dianeter of 0.07g m) were vacuumdried at 180 [err]C for 3
hours, and fed to extruder A heated at 290 [err]C , whereas pellets of PEN
Il (intrinsic viscosity 0.65, glass transition tenperature 124 J[err]C,
melting point 265 [err]C , containing 0.2 wt% spherical cross-Iinked

pol ystyrene particles with average dianeter of 0.3g mand 0.01 wt%
spherical cross-Ilinked polystyrene particles with average dianeter of 0.8g
m were vacuumdried at 180 [err]C for 3 hdurs, and fed to extruder B
heated at 290 [err]C . The two materials were then conbined in the T-die

(lamnate ratio I/11 = 10/1) d put over a cgas ru ith a surface
tenperature of 25 [err]C ysingiglecirostaticl{»nqg fof g¢nsure their close
contact, so that the sheetg@\o d pe|cool ed t[#E sqljidifylinto a
non-stretched | am nate fillss [Ble<laf@ nate filsfAaIH5c1/649 in the refractive
i ndex in the machine dire(,ﬂioﬁn 1 6@81in thgiwefirlact|{ ve index in the
transverse direction, and]0. 7% iln Erystalliffat) Thi p mon-stretched film
was heated on heating rol 5 e 67
(surface material: silicofesrjuplber)| and strefsEhadsigin [ he machine direction
at the tenperature and upld® LRg.ldrpw| ratio gjavedizitin (,Table 5, fol lowed by
- - -4 D, - - -
cooling (MD stretching 1) s aHe[ T m was hel dislsby |qllipp at its both ends .and
. . o . - . .
introduced into a tenter, |whgrelilt | was streﬁ@haqi iin fwb steps in the
transverse direction at th d
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tenperature and up to the draw ratio given in Table 5 (TD stretching 1 and
2). The filmwas heated on heating netal rolls and stretched in the
machi ne direction at the tenperature and up to the draw ratio given in
Table 5 (MD stretching 2). Subsequently, with its ends held by clips, the
filmwas introduced into the tenter and stretched in tw steps in the
transverse direction at the tenperature and up to the draw ratio given in
Table 5 (TD stretching 3), followed by heat treatnent at a tenperature of
210[err]C, relaxation in the transverse direction in the 170 [err]C

cooling zone at a relaxation rate of 3% relaxation_in the transverse
direction in the 130 [e%L]C zdv mgjt_a.relaxa.igc rate Jof | 0. 5% gr adual
cooling to room tenperafifre, 2 a;glﬁﬁng. TmzeLELuﬁi n [ate was
controlled to adjust thg¥ilmthFrkieds to 6J7[gEEl<m [<Thbl e 5 shows the
- - - - - L] -
film production conditiphs—ad able-6 gi vessfTle rhtijo (A/B) of the
maxi mum t hi ckness of theuédge Aari] ol tthe nonisrgtched f{Im (A to its
thickness at the center pfs i dt@=iEE) 12 ift s ref ppgiliivie |qdeg, and its
crystallinity, as well aﬁgﬁhe riebfe Chiye inde@gtﬂrefring nce,
crystallinity, and breakpde fregduehcy during 1§ﬁt§hhhﬂ moflucti on process.
Tabl e 7 shows the resul tgmt—imisryeoung' s mogull&s " ci[Fcphnf erenti al
hal f-wi dth of the diffragtion llijne; ¢rystal sixe,
bl
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di agonal Young's nodul us, propagating tear strength in the wdth
direction, refractive index in the normal direction, planar orientation

i ndex, density, and surface roughness, while Table 8 gives its creep
conpliance, heat shrinkage starting tenperature, heat shrinkage at
80[err]C, and peak intensity in |laser Raman scattering (R), as well as
magnetic tape's travelling durability and preservability. Afilm
of the present invention which was high i strength and tear resistance as
wel | as stabilgkbypdunhng filmproduction was al so obtained when PEN was
used as polyester material Conparative exanple 12 A non-stretched
lam nate fil mwas pradachd wiyhtdrahsarmesspbdceglur easapriodudecamyl ehd bamdhi s
non-stretched filmwas introduced to the heating nmetal rolls for heating
at a tenperat lweceﬁurf&oas[ émr F@ml@dﬁdl%teﬁ@?%é‘d‘aét the Gﬁaﬂﬁﬁad:flire of thetinmes in
t he machi ne directian i tudi nal t.ched fi

i nt roduced t o SCHR® (¥nfhE te“\ﬁff qurtg ’&Wﬁ?nﬁ%‘fs SB?%%PB% ¥&%r 70 g??“r‘?@'at a

tenperature of, L35Rhr b iR ALEGRRA 18t cife 45 It pQrOfusaBedd MeS in the
transverse di reéé%{on L&hl |aX|eaF 'y stre%ched fil m\%/afs w?troduced to the

heating metal cioppihg, a8kl fruet bein shs efcungdbidked fFcvehatfiQmObnd .partli Mes in
the machine direction at a tenperatures of 160 [err]C . This stretched
filmwas intrddditexting thet thatfSlipn end Part suseddohardrbing whepsslaiévedyl to
190 [err]C, and stretched in the transverse direction at a_draw ratlo of
1.3 times, foPPBhEd By Hehing rRraPrEhies £S5 COMPaRptta Ghe HrminHrampee

rel axation in t?a?bler gngl\/oewrssghglglq%t bpcﬂiuc@l&b%ondltlons and breakage

frequency, and Table 10 gives the ratio (A/B) of the maximum
thickness of the edge part of the non-stretched film {(A) to its
thickness at the center of width (B), its refractive index, and its
crystallinity, as well as the refractive index, birefringence, and
crystallinity during the film production process. Table 11 shows
the resultant film's Young's modulus, circumferential half-width of
the diffraction line, crystal size, diégonal Young's modulus,
propagating tear strength in the width direction, refractive index
in the normal direction, planar orientation index, and density,
while Table 12 gives its creep compliance, heat shrinkage starting
temperature, heat shrinkage at 80 °C, and peak intensity in laser
Raman scattering {(R).
Examples 18-19, Comparative examples 15-16

Pellets of polyethylene terephthalate (intrinsic viscosity
0.65, glass transition temperature 75 °C , melting point 255 °C.,

containing 0.1 wt% spherical cross-linked polystyrene of average



69 170 [err]C cooling zone at a relaxation rate of 3% relaxation in the
transverse direction in the 130 [err]C zone at a relaxation rate of 0.5%

gradual cooling to roomtenperature, and wi nding. The extrusion rate was
controlled to adjust the filmthickness to 6.7[err] m Table 5 shows the
filmproduction conditions, and Table 6 gives the ratio (A/B) of the

maxi mum t hi ckness of the edge part of the,fnon-stretched film (A toits

t hi ckness at the center of wwdth (B), its refractive index, and its

crystallimnity, 5}..5 rea mt)k&f JafLLAY y% knévﬂdﬁ nddl %IJ iv’lggﬁ'&edne at

crystalllnlty, an requenc uring e fiI'm production process.

Tabl e 7 shows;gdwe "fS?Uith%m:s Islugbﬁlaneungl %xﬂ?ﬂ&ﬂﬂiea@éd QUM eg eft, i aha
hal f-wi dth of the diffraction Iine, crystal size, diagonal Young's

nodul us, propaghi-ergridayr tstowhgthe T-dié hhitwi disheiti ectheoghe¢tefwaacputve
I ndex in the normal direction, | anar orientation index, density, and
surface roughfigas 2 apeliag G @ikh i PESI3QS CEFRRNFLEBPNG AACE, URdAS

h k t t t heat k at 80 k
Phtensity i PladtostRROERe] Ba e phe (805 coR A T b enstlne
travelling dugahi Lbiya %@dc5gfaﬁeE3fgylkhiﬁ& into a non-¥¥¥alqﬁgﬁ¢dé%tu§f¥h.as

material as well, 1t was difficul
This non-stretched film was held by clips at its ends, introduced

to a tenter for simultaneous biaxial stretching that had a drive
unit with a linear motor to move the clips, pre-heated at a
temperature of 110°C , subjected to the first-step .simultaneous
biaxial stretching to a draw ratio given in Table 13, and subjected
to the second-step simultaneous biaxial stretching to a draw ratio
given in Table 13 at a temperature of 80°C. Subsequently, the
third-step simultaneous biaxial stretching was carried out at a
temperature of 160 °C to a stretching ratio given in Table 13, and
then the film was heat-treated at a temperature of 210°C, ;elaxed in
the 120°C cooling zone at a relaxation rate of 2% in the machine
direction and a relaxation rate of 3% in the transverse direction,
cooled gradually to room temperature, and wound. The extrusion
rate was controlled to adjust the film thickness to 9y m. The clip
temperature was 105°C. In the comparative examples, the same
procedure as in Example lshwas carried out except that the ;tretch
temperature and draw ratio were as in Table 13. When the film end
part which was used to hold the film by clips was observed, the

part used for clipping was found stretched up to a draw ratio close



stretch the filmup to a high draw ratio and the resulting filmwas not
high in stability during filmproduction and tear resistance unless

nol ecul ar chai ns of PEN were not untangled. Exanples 15 and 16,
Conpar ati ve exanples 13 and 14 Pel | ets of polyethyl ene
terephthalate (intrinsic viscosity 0.65, glass transition tenperature 75
[err]C, nelting point 255 [err]C, 76

70 containing 0.1 w % spherical cross-linked polystyrene of average

diameter 0.3L8l bladh pLQQ%%ﬁfénggv ad-E00M) TRUIR1CAE OV REUNTAT 1 PLAL 19,

180[err] C for our s to an extruder heate O [err]C, and

nel t - extr udeqnt & o40Bok a‘éidé & daRbOe assheehe pbbeisiest ummmh erfdV @are
cooling drumw th a surface tenperature of 25 [err]C using electrostatic

force to enswsedtiw clipming eerd dow, iisdrehatatibhe wigihebrealggledfbon dbel ed to
solidify into a non-stretched cast film This non-stretched filmwas hel d
by clips at iftidmesnss fohpdr odncearrarative epemtier f dAreakighds0e Hhefidp end

stretching that ha‘gﬁgegé‘i \L/h%ew%%] th‘f\émf%’{l%) Lo Se;;]r gc"%)tt%% %111:{ oY Hﬁe 1%I I ps,

pre-heated at"?d e ecte frrst-step

Si m'” taneous shghgxéh%l f%dn( %Sﬁ'ﬁéﬁokoc@nﬂrtg%é aatnhobgia\k‘i@e| f‘reE%QL@y g:and
subjected to the second-step sinultaneous biaxial stretching to a draw
ratio givenqaBidaty gifesittha tAMREKAIBYN @fothS@aefmdrCthitlaaisst beaiiad eafe a
part of the non-stretched £ilm (A) to its thickness at the center
of width (B), its refractive index, and its crystallinity, as well
as the refractive index, birefringence, and crystallinity during the
film production process. Table 15 shows the resultant film's
Young's modulus, circumferential half-width of the diffraction line,
crystal size, diagonal Young's modulus, propagating tear strength in
the width direction, refractive index in the normal direction,
planar orientation index, and density, while Table 16 gives its
creep compliance, heat shrinkage starting temperature, heat
shrinkage at 80 °C, and peak intensity in laser Raman scattefing (R).
In Examples 18 and 19, simultaneous biaxial stretching in
multiple steps enhanced the stretching properties of the film and
the film's strength was still higher compared to Example 16. In
Comparative examples, molecular chains of PET were not disentangled,
which made it impossible to stretch the film up to a high draw ratio,

resulting in low film strength and low stability during film

production.



tenperature of 210[err]C, relaxed in the 120[err]C cooling zone at a )
rel axation rate of 1.5%in the machine direction and a relaxation rate of
2% in the transverse direction, cooled gradually to room tenperature, and
wound. The extrusion rate was controlled to adjust the filmthickness to
9lerr] m The tenperature of tenter clips was 100 [err]C . In the
conparative exanples, the sane procedure as in Exanple 15 was carried out
except that the stretch tenperature and dfaw ratio were as in Table 9.
When the filmend part which was used to hold the filmby clips was
observed, evidence of filmstretching was found in Exanples 15 and 16,

wher eas non-stretched port s—yerie  foumg_ThrTh ilmend, and fil mwas
found broken fromthe- ggrn ng, o~ . 71
in Conparative exanple§EB geid|dl4< [Tabl e 958hows the film production
conditions and breakagf ¥ r¢quengy,] and Tﬁﬁﬁezgz Jyes the ratio (A/ B) of
t he maxi mum t hi ckness pi—tHe-pd part ofgghb hom- | stretched film(A) to
its thickness at the center of Width (B) jeiktis| [ refractive index, and its
crystallinity, as well gggg; gl ¢f rlacti ve gvan<, bijr efri ngence, and
crystallinity during t{e 4{lin] pfoducti on :prgcés . {Tabl e 11 shows the
resultant film s Youngfsytgturus; circuﬁﬁgrogwi | thal f-wi dth of the
diffraction line, crystalsgijzp, : gE lslsle Jo
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pl anar orientation

propagating tear strength in the width
refractive index in the nornmal direction,

Young' s nodul us,

di agonal
di recti on,
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results in films with poor stretching

the filmend used for clipping,

particul arly at

Conpar ati ve exanpl es 13 and 14,

properties,
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73 [err] 74 Exanple 17
Afilmwth a thickness of 9[err] mwas produced by the sane procedures as
in Exanpl e 15 except that the tenperature of the «clips of the tenter for

si mul t aneous stretching was 70[err]C Non- stretched portions were found
in the filmend part used for «clipping, and the filmwas found broken from
the filmend part, indicating that the filmend part used for gripping was
relatively poor in stretching properti d2 as conpared to the filmin

Exanpl e 15. Exanmmlel @09 shows the fil m production conditions and breakage
frequency, and Table 10 gives the ratio (A/B) of the maxi num thickness of
the edge part of thBvamrtsederhaaferian ta)as d #1d Bt HPEKk €S- ath tfﬁé“‘center

of wwdth (B), .its refractive ql
simultaneously stretc

blaxlaliy was produced by the same
procedure as in Example 19 except that pellets of polyethylene
terephthalate I (intrinsic viscosity 0.65, glass transition
temperature 75 °C, melting point 255 °C, containing 0.2 wt%
spherical cross-linked polystyrene particles with averége diameter
of 0.2y m) were vacuum-dried at 180 °C for 3 hours, and fed to
extruder A heated at 280 °C , whereas pellets of po}yethylene
terephthalate II (intrinsic viscqsity 0.65, glass transition
temperature 75 °C , melting point 255 °C, containing 0.1 wt%
spherical cross-linked polystyrene particles with average diameter
of 0.3y m and 0.025 wt% spherical cross-linked polystyrene particles
with average diameter of b.45u m) were vacuum-dried at 180°C for 3
hours, and fed to extruder B heated at 280 °C, followed by a
procedure in which the two materials were combined in the T-die
(laminate ratio I/II = 10/1) and put over a cast drum with a surface
temperature of 30°C using electrostatic force to ensure their close
contact, so that the sheet would be cooled to solidify into a non-
stretched laminate film with a tﬂickness of 5.5y m., Table 17 shows
the film production conditions and breakage frequency, and Table 18
gives the ratio (A/B) of the maximum thickness of the edge part of
the non-stretched film (A) to its thickness at the center of width
(B), its refractive index, and its crystallinity, as well as the

refractive index, birefringence, and crystallinity during the film



crystallinity, as well as the refractive index, birefringence, and
crystallinity during the film production process. Table 11 shows the
resultant film s Young's nodulus, circunferential half-width of the
diffraction line, crystal size, diagonal Young's nodulus, propagating tear
strength in the wwdth direction, refractive index in the normal direction,
pl anar orientation index, and density, 8&tile Table 12 gives its creep
conpliance, heat shrinkage starting tenperature, heat shrinkage at 80
[err]C , and pedikctidrepsbtysd.n fralsker 19Rsnas shatreenlimnt( B) 1n' Evanpy s

18- 19, Corrpar atjve exanples 15-16 Pel l ets of polyethyl ene
t er epht hal at e’“c(di“Ht‘Fc rdireupfexeasial hadfenidtl e ther dhifinacshon diiperat ure 75
E?gg]scl i nrkrgldtclzpn I q€ﬁ§5€*a[gg?\r?r8} %oun%ontmabldr&!lng %r%pg\g;é)l%ghgéa{r sL:rength in

75 dianmeter {3 WE&EH ]drne&zmucegfmt@v&m@x% RRd Wahe1vasusidy) ed at
180[err]C for 3 hours, supplied to an extruder heated at 280 [err]C , and

mel t - extrudecb:tah\aeu@letnlaetirmdmaént QefAs Hcehnd Haersdedoudimse 2yt whDMelr a
cooling drumw th a surface tenperature of 25 [err]C using electrostatic
force to enstadleh?q rgigkesitsconeericompbianicar hdad shhimkageostiatthegcool ed to

solidify into a non-stretched _cast film__ This non-stretched filmwas held
by cli ps at I&qugﬁ%ﬁ?rq,nF??ﬁj&Eétpkage at 80 C ., peak intensity in laser Raman

scattering (R), and surface damage during high-speed travelling, as
well as magnetic tape's electromagnetic conversion property. The
film of the present invention'was found to be a very suitable

material for magnetic recording media.



unit. with

tenperature of 110[err]C

stretching that had a drive

si mul t aneous bi axi al

notor to nove the clips,

to a tenter for
a linear

pre-heated at a
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was carried-out at a
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used for clipping were lowin draw ratio, with breakage fromthe filmend
found. In Conparative exanple 16, breakage fromthe filmend was found,
and it was inpossible to stretch the film Table 13 shows the film
production conditions and breakage frequency, and Table 14 gives the ratio
(A/B) of the maxi mum thickness of the edge part of the non-stretched film
(A) toits thickness at the center of wighh (B), its refractive index, and
its crystallinity, as well "as the refractive index, birefringence, and
crystalli nityn?y,u Ehe filmproduction process. Table 15 shows the
resultant fil oung s nodul us, circunferential half-width of the

diffraction line, cepysidls szgﬁaly@tl?ﬂ(éﬂa' £ NQPAEH 51 aPed U] i inBY ORAGBbE NG, t ear
strength in the width direction, refractive index in the normal direction,

pl anar orient &t éHn guaslemraaaﬂtxixmsemggramté g5Tah] anelbiny ves$nt 1255 & eep
conpl i ance, heat shrinkage starting tenperature, heat shrinkage at 80
[err]C, and ﬁ%ﬁéhnhﬁér&ﬂt ytt r?glgag‘é?tqﬂaﬁ’hﬁ@caﬁfféﬁlﬁg ‘(ﬁ?)average diameyqr 0.

Exanpl es 18 ag né? si mul t anepys _bi a |8? {er':r?;&ho g in. %#p e steps
enhanced the 3¢ ¥RFRg 35FFBPet 82 ot 8nE 59 a5t h LPF %Efength was
still higher er?dhé%e'éxma% 6, ahi %@éaéﬂr\éﬁgﬁxtﬁu%%e&ze REgCl ar
chains of PET were not di senfangled’ V\/m ch made 1t inpossible to stretch
the filmup tehéthi gbhdrsheet atdsOput rcﬁ&ul i idupling laromfwidn at gexgce and | ow
stability during film production.
temperature of 25°C using electrostatic force to ensure their close
contact, so that the sheet would be cooled to solidify into a non-
stretched cast film. This non-stretched film was held by clips at
its ends, introduced to a tenter for simultaneous biaxial stretching,
pre-heated at a temperature of 110°C, subjected to the first-step
simultaneous biaxial stretching to a draw ratio of 2 times in the
machine direction and a draw ratio of 2 times in the transverse
direction for an area draw ratio of 4 times, subjected to the
second-step simultaneous biaxial stretching at 80 °C to a draw ratio
of 3 times in the machine direction and a draw ratio of 3 times in
the transverse direction for an area draw ratio of 9 times,
subjected to the third-step simultaneous biaxial stretching at 160°C
to a draw ratio of 1.3 times in the machine direction and a draw
ratio of 1.2 times in the transverse direction for an area draw
ratio of 1.56 times, heat-treated at a temperature of 230¢ C,
relaxed in the 150°C cooling zone at a relaxation rate of 2% in the

machine direction and a relaxation rate of 3% in the transverse

direction, cocled gradually to room temperature, and wound. The
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[err]

[err] 78

83

extrusion rate was controlled to adjust the film thickness to 4.5

g m. The temperature of tentér clips was 105 °C. Table 21 shows
the film production conditions and breakage frequency, and Table 22
gives the ratic (A/B) of the maximum thickness of the edge part of
the non-stretched film (A) to its thickness at the center of width
(B}, its refractive index, and its crystallinity, as well as the
refractive index, birefringence, and crystallinity during the £film
production process. Table 23 shows the resultant film's Young's
modulus, circumferential half-width of the diffraction line, crystal
size, diagonal Young's modulus, propagatin§ tear strength in the
width direction, refractive index in the normal direction, planar
orientation index, and density, while Table 24 gives its creep
compliance, heat shrinkage starting tempefature, heat shrinkage at
80°C , and peak intensity in laser Raman scattering (R), as well as
the color printing properties of heat transfer ribbons. The film
of the present invention was found to be a very suitable material

for heat transfer ribbons.



79 Exanple 20 Two extruders, referred to as A and B, were used. A
film sinultaneously stretched biaxially was produced by the sane i
procedure as in Exanple 19 except that pellets of polyethyl ene
terephthalate I (intrinsic viscosity 0.65, glass transition tenperature 75
[err]C, melting point 255 [err]C, containing 0.2 wt% spherical
cross-1inked polystyrene particles wth agverage dianeter of 0.2g n} were
vacuumdried at 180 [err]C for 3 hours, d fed to extruder A heated at
280 [err]C , whereas pellets of polyethylene terephthalate Il (intrinsic

viscosity 0.65, glass transition tenperature 75 [err]C, nelting point 255
[err]C , containing o WY sphel., crossqlinkgd pol ystlyrepe particles
wi th average dianetefggof| 0. 3[err ind Oixﬁivw0mspheriqélg oss-1inked
. 3 . .
pol ystyrene particlegsgwi [h avera aneter |p§ 0./450 M wérk|&acuumdri ed
£e
at 180[err]C for 3 Hpurs| |and fe extruder B Hepted atg ) [err]C ,
foll owed by a procedire jn whi ch t wo nBlEéidls were qg ) ed in the
T-die (lamnate ratifpst/f | = 10/ d put ¢ £r g rast drgnggtrla.surface
t enper at ure of 30[errg£§u§ ng ele tatic fpgge B0 ensuri@ fsfgeir cl ose
contact, so that the|&heef |would ol ed t(ﬁsﬂlidﬁfy i ntlo on-
stretched lamnate fikmwih a th ss of $5.8[erfr] m T 7 shows the
filmproduction condifijgnk|and br de frequgncy,| gnd Tablel gi ves the
ratio (A/B) of the mgxiigmF thi ckn f the °ge plart of on-stretched
film(A) to its thickhggs| at the gr of wifigh B, itslsEfHactive
index, and its crystallgnily, as {ellllas thelzzefrigctive ipdex,
bi refringence, and cn¥qtiallinit altlg the fli&, ' 2%
1.2 ] 0
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80 production process. Table 19 shows the resultant films Young's
nmodul us, circunferential half-width of the diffraction line, «crystal size,
di agonal ‘Young's nodul us, propagating tear strength in the width
direction, refractive index in the normal direction, planar orientation
I ndex, density, and surface roughness, while Table 20 gives its creep
conpliance, heat shrinkage starting tenperature, heat shrinkage at 80
[err]C , peak intensity in |laser Ranan STattering (R), and surface danage
during hlgh-sgﬁgglgrﬁyelllng, as well as negnetic tape's electromagnetic
conversion property. The filmof the present invention was found to be a
very suitable nmaterpalietoroimpghedting1eR€ Meepgtiddta. (intrinsic viscddity
[err]
0.65, glass transition temperature 75 °C, melting point 255 °C,
containing 0.1 wt% calcium phosphate particles of average diameter 0.
2y m) were vacuum-dried at 180 °C for 3 hours, supplied to an
extruder heated at 280 °C, and extruded through the T-die into a
sheet. The sheet was put over a cooling drum with a surface
temperature of 25°C using electrostatic force to ensure their close
contact, so that the sheet would be cooled to solidify into a non-
stretched cast film. A film simultaneously stretched biaxially was
produced by the same procedure as in Example 21 except that the
stretch temperature and draw ratio were as shown in Table 25 and
that the film thickness and the heat treatment temperature were 3.5
g m and 220 °C, respectively. Table 25 shows the film production
conditions and breakage freguency, and Table 26 gives the ratio
(a/B) of the maximum thickness of the edge part of the non-stretched
film (A) to its thickness at the center of width (B), its
refractive index, and its crystallinity, as well as the refractive
index, birefringence, and crystallinity during the film production
process. Table 27 shows the resultant film's Young's modulus,
circumferential half-width of the diffraction line, crystal size,
diagonal Young's modulus, propagating tear strength in the width
direction, refractive index in the normal direction, planar

orientation index, and density, while Table 28 gives its creep

compliance, heat shrinkage starting temperature, heat shrinkage at



82 Example 21 Pel l ets of. pol yethylene terephthalate (intrinsic
viscosity 0.65, glass transition terrperature 75 [err]C, nelting point 255
[err]C, <containing 0.2 wt% aggregated silica particles of aver age di anmeter
0. 3[err] m were vacuumdried at 180 [err]C for 3 hours, supplied to an
extruder heated at 280 [err]C , and extruded through the T-die into a
sheet. The sheet was put over a cooling 86umw th a surface tenperature of
25[err] C using electrostatic force to ensure their close contact, so that
the sheet wouded e son @gtérgis?lmufaxef Hahad fARter St qhshe&ilecl%é&r{a I'm
This non-stretched filmwas held by clips at its ends, i ntroduced to a
tenter for simsst anepns, b&xﬁ(idablmﬂrebcbmmﬁowxpw@ahe@é.edhatfﬁlnt efpeiat ure of
110[err]C, subjected to the first-step sinultaneous biaxial stretching to
a draw ratio W52"F|W§“F¥P’t Mes iRYeHi ke ke peveiYoRuhvrPlg WReeyiedt fexr of 2
times in the transyverse direc %IOI’I for an area draw ratio of 4 tines,

subj ect ed t o THEEFLEEAE- &5 5P t aneous bi axial stretching at 80 [err]C
to adrawratio of 3 tinmes in the machine direction and a draw ratio of 3
times in the transverse direction for an area draw ratio of 9 tines,
subjected to the third-step sinmultaneous biaxial stretching at 160[err]C
to a drawratio of 1.3 tinmes in the machine direction and a draw ratio of
1.2 times in the transverse direction for an area draw



ratio of 1.56 times, heat-treated at a tenperature of 230 [err]C, _ rel axed
“in the 150C cooling zone at a relaxation rate of 2%in the nmachine
direction and a relaxation rate of 3% in the transverse direction, cool ed
gradually to roomtenperature, and wound. The '
83 extrusion rate was controlled to adjust the filmthickness to 4.5
[err] m The tenperature of tenter clipgywas 105 [err]C. Table 21 shows
the filmproduction conditions and breakage frequency, and Table 22 gives
the ratio (A/B) of the maxi mum thickness of the edge part of the

non-stretched film( its thi pr of wdtiTy (B), its
refractive index, a dult crystal t he reﬁggctlve I ndex,
bi refringence, and CF tabjlinit floduct i ¢ flEocess. Tabl e
F] . ~ .
23 shows the resul taf@t fijljms You$ unferefg§3gl} hal f-width
of the diffraction Ian, grystal |8 ng' s mpdulius,
propagating tear stngqgtﬁ in thele nefractjaeijndex in the
normal direction, plladdr glorient gifs |ndex,§§md(ﬂywity, @ﬁgg Tabl e 24
gives its creep comgﬁﬁmme, heat”|§ nkage |SE&rti I tenpefat§lfle, heat
shrinkage at 80[erri-G nd pealelfnfensity | | asel Raman{&catftering (R)
as well as the col gs ifnting prgbertles of -heat 44 ansf er [y ildoons. The
film of the present|Si [Ba¥tion wasiaflolnd to |fg a vedy suit @dld jmateri al
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for heat transfer ribbons.

84 fdl
[err] : 85 Example 22

Pel l ets of polyethylene terephthalate (intrinsic viscosity 0.65, glass
transition tenperature 75 C, nelting point 255 [err]C, containing 0.1

wt % cal ci um phosphate particles of avera dianeter 0. 2[err] m were
vacuumdried at 180 [err]C for 3 hours, supplied to an extruder heated at
280 [err]C , gnahpextziuded through the T-die into a sheet. The sheet was
put over a cooling drumwith a surface tenperature of 25[err] C using

el ectrostatic force rallensuwie at helyetbyboe teopephabh]atsepbhpdtilensheet woul d

be cooled to ,solidif}/intoanon-' L ) - .
isophthalate copolymer (intrinsic viscosity 0.70, glass transition
temperature 75°C , melting point 225 °C, copolymerization ratio of
80/20, containing 0,2 wt% aggregated silica particles of average
diameter 0.3y m) were vacuum~d£ied at 120 °C for 3 hours, pre-
heated, vacuum-dried at 180 C for 3 hours, supplied to an extruder
heated at 270 C, and extruded through the T-die into a sheet. The
sheet was put over a cooling drum with a surface temperature of 25C

using electrostatic force to ensure their close contact, so that
the sheet would be cooled to solidify into a non-stretched cast film.
This non-stretched film was held by clips at its ends, introduced

to a tenter for simultaneous biaxial stretching, pre-heated at a
temperature of 105°C , subjected to the first-step simultanecus
biaxial stretching to a draw ratio of 2 times in the machine
direction and a draw ratio of 2 times in the transverse dirgction
for an area draw ratio of 4 times, subjected to the second-step
simultaneous biaxial stretching at 75 C to a draw ratio of 3 times
in the machine direction and a draw ratio of 3 times in the
transverse direction for an area draw ratio of 9 times, subjected to
the third-step simultanecus biaxial stretching at 150°C to a draw
ratio of 1.3 times in the machine direction and a draw ratio of 1.3
times in the transverse direction for an area draw ratic of 1.69

times, cooled to 120°C, cooled gradually to room temperature, and

wound. The resultant film had a heat of crystal melting (A H) of



stretched cast film A fi I m si mul t aneously stretched biaxially was
produced by the sane procedure-as in Exanple 21 except that the stretch
tenperature and draw ratio were as shown in Table 25 and that the film

t hi ckness and the heat treatnent tenperature were 3.5 [err] mand 220
[err]C , respectively. Table 25 shows the film production conditions and
breakage frequency, and Table 26 gives thggratio (A/B) of the maxinum
thi ckness of the edge part of the non-stretched film(A) to its thickness

at the center 295/ W d‘i‘l?ls( I%)J.lm s s{: fr%Ctl Vs%ee@def(’Ja Qxcxies!et § :ySt l L Ni Ly,
as well as th& vérracti¥vée  Tnt Bk & rrngence, an SEarT |n|ty Yuring

the film prodyeid@nos PIOGERS- toTibbéuc?J b DO EPeerGEHéEnﬂJ}JenEiH@eS sYOMNG S
nmodul us, circunferential half-w dth of the gl ffraction line, crystal size,

di agonal Young: intindyl wisichprapagad i 410 pkeat aSteengialiterm tdiehvkildaraph
direction, refractive index in the normal direction, planar orientation
i ndex, and deh%iwxamq €orpdratiog) gqqresvalt@te?le@pf tb,@mmam pripperties

shrlnkage star% erature heat shrinka . L.
56 80 Pory] Cot kaRSTOEERET (iFr Ay hOSPR PR §*c%ér?ﬁg*tepa Foblectd i o

| oss tangent, 1?&3,% gh 5%%%9 Ma@%@%g}’é’i&iggm T;F!% Jemf?L &JL‘% pél?ée”t

i nvention was very sulitable nateria tro fatic
capacitors. Table 30 gives the ratio (A/B) of the maximum thickness of the edge

part of the non~stretched £ilm {(A) to its thickness at the center

of width (B), its refractive index, and its crystallinity, as well
as the refractive index, birefringence, and crystallinity during the
film production process. Table 31 shows the resultant film's
Young's modulus, circumferential half-width of the diffraction line,
crystal size, diagonal Young's modulus, propagating tear strength in
the width direction, refractive index in the normal direction,
planar orientation index, and density, while Table 32 gives its creep
compliance, peak intensity in laser Raman scattering (R), and
printing properties of the film as base paper for thermosensitive
stencil printing. The base paper for thermosensitive stencil
printing produced from the film of the present invention was found

to serve for clear printing.
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supplied

a»@ extruded through the T-die into

sheet was put over a cooling drumw th a surface tenperature
of 25[err]C wusing electrostatic force to ensure

t hat

m were vacuumdried at 120 [err]C

vacuumdried at 180 [err]C for 3 hours,
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t he sheet” woul d be cooled to solidify into a non-stretched cast film This
non-stretched filmwas held by clips at its ends, introduced to a tenter
for sinultaneous biaxial stretching, pre-heated at a tenperature of
105[err]C, subjected to the first-step sinultaneous biaxial stretching to
adrawratio of 2 times in the machine direction and a draw ratio of 2
times in the transverse direction for an area drawratio of 4 tines,

subj ected to the second-step sinmultaneofd biaxial stretching at 75 [err]C
to a draw ratjQ gf.3,fimes in the machine direction and a draw ratio of 3
times in the transverse direction for an area draw ratio of 9 tines,

subj ected to the thi hdnsieRtsheallzaneos thirxiaadl peéareahbngnat sdfd[ err] C
to adraw ratio of 1.3 tines in the machine direction and a draw rati o of
1.3 tines irprockedtreanrsyén Sxadptedifi. onTHicr namstirebchydaiitmiwas beatiedb9n
times, cooled to 120[err]C , cooled gradually to roomtenperature, and
wound. The rieStiramolLr| hfurdace MResEidy: SLjitoqe REtRarigatd strpkyhas at a

89 253/ g. This fil mas té)g§< 10.a sheet Qrf_ d]rggap Se.Papar W;:th a_ wei ght

of 12 g/ nferr P8 produle pap&rCf BF BEhar fosenst tive stenci 1™ nti ng,

whi ch was usedst @ifld I nd Gabn LA WRELMchN (D $RILER ng( R SO TKEIAKL was
Corporation) for evaluation of the printing properties
held by clips at its both edges and introduced into a tenter, where

it was stretched in the transverse direction at a temperature of 115
C and a draw ratioc of 2 times, and then stretched in the transverse
direction at a temperature of 75°C and a draw ratio of 3.6 times
(TD stretching 1 and 2). The film was heated on heating metal
rolls and stretched in the machine direction at a temperature of 80
C and a draw ratio of 3.4 times {first step of MD stretching 2).
Subsequently, with its edges held by clips, the film was introduced
into the tenter for simultaneous biaxial stretching, subjected té
simultaneous biaxial stretching at a temperature 160 °C and at a
draw ratio of 1.2 times in the machine direction and at a draw ratio
of 1.3 times in the transverse direction, and subjected to
simultaneous biaxial stretching at a temperature 190°C and at a draw
ratio of 1.1 times in the machine direction and at a draw ratio of
1.1 times in the transverse direction, followed by heat treatment at
a temperature of 200 C . relaxation in the machine direction in the
150°C cooling zone at a relaxation rate of 2%, relaxation in the
machine direction in the 100°C zone at a relaxation rate of 1.0%,

gradual cooling to room temperature, and winding. The temperature



of the base.paper for thernosensitive stencil printing. Table 29 shows the
filmproduction conditions and breakage frequency, and Table 30 gives the
ratio (A/B) of the maxi mumthickness of the edge part of the non-stretched
film(A) to its thickness at the center of .wdth (B), its refractive
index, and its crystallinity, as well as the refractive index,

bi refringence, and crystallinity during e filmproduction process. Table
31 shows the resultant films Young's nmodulus, circunferential half-w dth

of the diffrgetidieli Hfips Sk YEHAlsifit neduaaRalalYGagt chimgdubntssr was 105
propagating tear strength in the width direction, refractive index in the
nor mal directd oot thel amarancei ehtthei bentienrdexTheanyttitsdont xatenipee Tabl e 32

gives its creep conpliance, peak intensity in |aser Raman scattering (R),
and printingoptoided| ex adiushdbe FH"asthb'éééesﬁab%rG P ™t hé’Fﬁﬁ%e%‘?sisk‘P\g/%

or oduced {1 ofErE T BRPOR wRE RSsorT e omnr B s S atad e 5265 TavPe,

clear printi 39 the maximum thickneX® of the[€ﬁ§J part of the non-stretched film
{A) to its thickness at the center of width {B), its refractive
index, and its crystallinity., as well as-the refractive index,
birefringence, crystallinity, and breakage frequeqcy during the
film production process. Table 35 shows the resultant fiim's
Young's modulus, circumferential half-width of the diffraction line,
crystal size, diagonal Young's modulus, propagating tear strength in
the width direction, refractive index in the normal direction,
planar orientation index, density, and surface roughness, while
Table 36 gives its creep compliance, heat shrinkage starting .
temperature, heat shrinkage at 80 °C, and peak intensity in laser

Raman scattering (R), as well as magnetic tape's travelling

durability and preservability.



91 Exanple 24 A non-stretched | am nate fi.l mwas produced by the
sane procedure as in Exanple 10. This non-stretched fil mwas heated on
heating rolls (surface material: silicone rubber) and stretched at a
tenperature of 110 [err]Cin tw steps at drawratios of 1.5 tines x 1.5
tinmes in the machine direction (MD stretching 1). The filmwas held by
clips-at its both edges and introduced i3 a tenter, where it was
stretched in the transverse direction at a tenperature of 115 [err]C and a
draw ratio of 2 tines, and then stretched in the transverse direction at a

tenperature of 75[err]C ajd a_dréaw]ratio of 3.6 tines (TD stretching 1 and
. a H 1 $ H
2). The filmwas heated ongh@dki hg(metal rolfsanpTstretched in the
machine direction at a tenpefdtute|of 80 [erﬁEC apd g draw ratio of 3.4
times (first step of MD strxetep-fe12). Subsdypent |0 with its edges held
i ps, i i g i i u i axi
by clips, the filmwas ntrgd“aei‘ nto the tlgater|flor] sinultaneous bi axi al
- . - ot - - -
stretching, subjected to |9f@dl~t angous bIaXIEL st+etreHi ng at a tenperature
0 - . . h . .
160 [err]C and at a draM/rafﬁg pf 11.2 tines £n§th3 bgchine direction and
at a draw ratio of 1.3 tijss—jsnithe transvergg=di [grtfion, and subjected to
si mul t aneous bi axi al stret§@§a? i |a tenperatmrgilanterr]c and at a draw
. ., . . . , L] .
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1.1 times in the transverse direction, followed by heat treatnent at a
tenperature of 200 [err]C, relaxation in the nachine direction in the
150[err] C cooling zone at a relaxation rate of 2% relaxation in the
machine direction in the 100[err]C zone at a relaxation rate of 1.0%
gradual ecooling to roomtenperature, and w nding. The tenperature _
92 of tenter clips of the simnultaneousghi axial stretching tenter was 105

D
D
L,
D

[err]C at ‘the entrance of the-tentgr. The extrusion rate was controlled to
adjust the filmthickness ti@ B.&7[gxr] m Table 33 shows the film
production conditions, and %’a”ge s gives the ratio (A/B) of the nmaxi num
t hi ckness of the edge part gﬁﬁt“he non- st r ¢ film (A to its thickness
at the center of width (B),gi;; S eflracti vg X, and its crystallinity,
as well as the refractive ia&hx;;, el )i refri crystallinity, and
br eakage frequency during t|Be|s3f | produ br ocess. Tabl e 35 shows the
resultant films Young's meduusiqci rcum ilal hal f-wi dth of the
diffraction line, crystal |8ze, |« agonal s nodul us, propagating tear
strength in the width dirdégion[3Tefract | ndex in the normal direction,
pl anar orientation index, d&nsit and sui:ace noughness, while . Table 36
gives its creep conpliance, keat]s$hrinkagist|2ing :
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t enper at ur e,
Raman scattering (R), as well as nagnetic tape's"travelling durability and

preservability. 93 [err]

heat shrinkage at 80 [err]C , and peak intensity in |aser

95
Example 25
The same procedure as in Example 10 was carried out to

produce a non-stretched laminate f£ilm except that the space of the
rip of the die was adjusted in the width direction so that the ratio
{A/B) of the maximum thickness of the edge part of the non-
stretched laminate film (A) to its thickness at the center of width
{B) was 3.0. The film, with its ends held by clips, was introduced
into the simultaneous biaxial stretching tenter, subjected to
simultaneous biaxial stretching at a temperature 110°C and a draw
ratio of 2 times in both the machine direction and the transverse
direction, and subjected to simultaneous biaxial stretching at a
temperaturé 75 C and a draw ratio of 3.3 times in both the machine
direction and the transverse direction. The temperature of the
clips of the simultaneous biaxial stretching tenter was 100°C at
the entrance of the tenter. The film was heated on heating metal
rolls, stretched in the machine direction at a temperature of 140 °C
and a draw ratio of 1.5 times, and cooled. Subsequently, with its
edges held by clips, the film was introduced into.the transverse
stretching tenter, stretched in the transverse direction at a
temperature of 180 C and a draw ratio of 1.3 times, and stretched
in the transverse direction at a temperature of 190 °C and a draw
ratio of 1.1 times, foliowed by heat treatment at a temperature of
200°C , relaxation in the transverse direction in the 150 C cooling
zone at a relaxation rate of 3%, relaxation in the transverse

direction in the 100 °C zone at a relaxation rate of 1.0%, gradual

94



95 Exanple 25 The sane procedure as in Exanple 10 was carried out
to produce a non-stretched lamnate filmexcept that the space of the rip
of the die was adjusted in the width direction so that the ratio (A/ B) of

t he maxi num t hi ckness of the edge part of the non- stretched lamnate film
(A) toits thickness at the center of wdth (B) was 3.0. The film wth
its ends held by clips, was introduced &gto the simnultaneous biaxi al
stretching tenter, subjected to sinultaneous biaxial stretching at a

tenperature I 01%%]&, 208y 3 graufr%t'QmP aIAL?gEeTH‘ BRLRs i d)e LaREhi e

direction an ransverse Irection cte to sinultaneous

bi axi al stretgditRgidda 2o L&yGRer awrfquu{l%ﬂch;&; &Bdsa',' AW F251e030f shdwd
times in both the machine direction and the transverse direction. The

t enper at ur e ofhd Ifé1m girogsciofont henditiivhs armdusaliieaid sgivesr ehe mandot MBIr was
100[err]C at the entrance of the tenter. The fil mwas heated on heating
metal rolls, °fstt|hEtW@umnﬂt%nﬁﬁ%mfnéhﬁﬁdéew%ﬁ af thet éﬁ*b‘eﬁrta‘leﬁﬁ’ée‘bfflil!o

C and tio of 1. nd ¢ b thit
L)l B8 s Shebad TR G o, U RER st 0 10

stretching tefffk, sid %Qh&@s'tgliﬂﬁtgr aanss\‘r@'ifeasd'tﬁgcztéf‘}gc@{vealn&gwer ature

of 180 [err]C and a draw rati o of tinmes, and stretched 1In

transverse dipiackrOigaiced ¢3RRI BINike, oéndleeeixergé] f‘za;mdnaycmﬁanratd o of
1.1 times, followed by heat treatnent at a tenperature of 200[err]C,

rel axation infiflmeprodivdior swrodesect Tahle 35t heoWE50h¢ eraspCrenolfiidy's zone at a
relaxation rate of 3% relaxation in the thransverse direction in the 100

[err] C zone afo™R9r&RBdHiFdn e wtsrentypl hgligydeh of the diffraction line,

crystal size, diagonal Young's modulus, propagating tear strength in
the width direction,‘refractive index in the normal direction,
planar orientation index, density, and surface roughness, while
Table 36 gives its creep compliance, heat shrinkage starting
temperature, heat shrinkage at 80°C , and peak intensiéy in laser
Raman scattering (R), as well as magnetic tape's travelling
durability and preservability.

The biaxially oriented polyester films disclosed herein that
are 7.0 GPa or more in at least either the Young's modulus in the
machine direction (YmMD) or in the transverse direction (YmTD), and
in the rande of 55 ° or more and 85° or less in the circumferential
half~width of the diffraction line from the crystal plane in the
direction of the polyester's backbone chain that is determined
through crystal orientation analysis by wide angle-x-ray
diffractometry performed while rotating the polyester film around

its normal, are high in rigidity in all directions within the film



96 cooling to roomtenperature, and w nding. The extrusion rate was
controlled to adjust the filmthickness to 6.7[err] m Table 33 shows the
filmproduction conditions, and Table 34 gives the ratio (A/B) of the
maxi mum t hi ckness of the edge part of the non-stretched film (A) to its

t hi ckness at the center of width (B), its refractive index, and its
crystallinity, as well as the refractive index, birefringence,
crystallinity, and breakage frequency duPVng t he filn1production process.

Table 35 shovs e fesulhalla,lt Lmaanxgqugﬁ P WhéFsi hind CUEHRERY ] Ahna

hal f -wi dt h of actiron |ne crys S| Ze, gona oung

nodul us, propagakitRgk tRahe A@RYSA vnler ti’b%dW s ndig Giétr&oéj'rearteflhé@édr\i‘él
index in the normal direction, planar orientation index, density, and

surface roughabaatagdd lae ndedrliel forghigis-density mpnmvplrem;xghﬁadla,
shrinkage starting tenperature, heat shrinkage at 80[err]C , and peak
intensity in W%ewldﬁmhl%@&tlﬁéfmfg’“ei:!)flaésf‘aeélelle‘a%r%@hb‘t icerRapEeTy

travel ling urabilit and reseryv, he biaxi al ar.i ent ed
bor yest er t i | HREEGEERT SRt HEoBy A1 gese hBey fPrheBTorRBre o BFHIss
ei ther the Yoyngisndodulus in the machine direction (YnmVD) or in the
transverse direction (YnifD), and in the range of 55 [err] or nore and

85[err] or |ess iBithighi pdfEreé®nbaliments of the present invention have
been described in detail herein, the invention is not limited
thereto. It will be appreciated by those skilled in the art that
various modifications may be made without materially departing f;om
the novel and advantageous teachings of the invention. Accordingly,
the embodiments disclosed herein are by way of example. It is to
be understood that the scope of the invention is not to be limited

thereby, but is to be determined by the claims which follow.



hal f-wi dth of the diffraction line fromthe crystal plane in the direction
of the polyester's backbone chain that is determ ned through crystal
orientation analysis by wide angle X-ray diffractonetry perfornmed while
rotating the polyester filmaround its nornmal, are high inrigidity in al
directions within the film 97
plane, high in tear resistance, high in gigmensional stability, and
resistant to deformation under | oad, and have very great industri al

advant ages asyp@f @i atafvep bé gh- densi ty magnetic recording nedia, wth

wi de applicability as material for electrostatic capacitor, heat transfer
ri bbon, and base papgixifadnythelecivsewilesserSEencithat pid ML ONGPa or more in
AIthough preferred enbodinents of the present invention have been

descri bed in deti®alst heytdien, thh&opy'snmpdwnlyss indthe pathiog ditegtdon. (YmMDY | |
be appreciated by those skilled in the art that various nodifications may

be nade wit hoBt IatBeiHAFVeeisaftrerFiPr o¥mTPhe #EVER Hifd raBvaufageoudr
teachings of the aﬂ?!e&t"' %Q 1é°éCsCQEdéhrl9L: teu th?ﬁB% h{’ﬁfe‘ﬁdgﬁ S ?ﬁ%d herein

are by way of exa be under st scope o
invention is @ﬂ.tfrta@tb&n I1llnbtﬁd>m tRerebyeabdPliahé inOthe ﬁe@eﬁmm%@ bye t he
claims which foll ow.
polyester's backbone chain that is determined through crystal
orientation analysis by wide angle X-ray diffractometry performed

while rotating the polyester film around its normal.

2. The biaxially oriented polyester film as specified in claim 1,
wherein the crystal size in the polyester's backbone chain direction

is 458 or more and 90 & or less.

3. The biaxially oriented polyester film as specified in claim 1,
wherein the sum of the Young's modulus in the machine direction
(YmMD) and that in the transverse direction {¥YmTD) is 13 GPa or more
and 25 GPa or less, with the Young's modulus in an diagonal

direction (45 ° or 135 °® ) being 6 GPa or more and 10 GPa or less.

4. The biaxially oriented polyester film as specified in claim 1,
wherein the creep compliance after being left for 30 minutes under
the conditions of a temperature of 50°C and a load of 28 MPa is

0.11 Gpa ~* or more and 0.35 GPa ~! or less.

R



98 WHAT IS CLAIMED I S: 1. A biaxially oriented polyester filmthat is
7.0 GPa or nore in" at |least either the Young's modul us in the machine

direction (YmVD) or in the transverse direction (YnID), and in the range
of 55 [err] or nore and 85[err] or less in the circunferential half-w dth
of the diffraction line fromthe crystal plane in the direction of the

pol yester's backbone chain that is determgined through crystal orientation
anal ysis by wi de angle X-ray diffractorretry performed while rotating the

p0| yester fi l{“ ar Qﬂgqa ag&a{]ﬂ; %Qwﬁnted 301%,95@? ﬁlﬁxﬁglgﬁécgki cﬂt.l%d ]PQ_{“}’E]‘_S'[ er

filmas speci in claimrz erein the crystal size in e pol yester'

backbone chai ﬂléi'lefiﬁCiHé)@ropé:‘ga‘iﬁégOt[eali‘DEEréi@(ﬁhglﬁ Aher£il@SSconverded tdl 4
biaxially oriented polyester filmas specified in claiml, wherein the sum
of the Young's thidkhess. Antthe taethdvegsdidigectm 1€YYWV oanwprehandi h. &cher
transverse direction (YmMID) is 13 -GPa or nore and 25 GPa or less, with the
Young' s nodul 1&8S-n an di agonal direction (45 or 135 [err] ) being 6 GPa
or nore and 10 GPa or | ess.

6. The biaxially oriented polyester film as specified in claim 1,

wherein the polyester is polyethylene terephthalate,

7. The biaxially oriented polyester film as specified in claim 6,
wherein at least either the ratio Ry (=Iyp /I xp ) Of the peak
intensity in the machine direction (Iyp ) to that in the normal
direction (I xp) at 1615cm ~! measured by laser Raman scattering or
the ratio R (=Irp/Ixp) 0f the peak intensity in the transverse’

direction {Irp) to that in the normal direction (Iyp) is 6 or more.

8. The biaxially oriented polyester film as specified in claim 6,
wherein the refractive index in the normal direction (n ;p ) is .
1.470 or more or 1.485 or less, with the planar orientation index (f

» ) being 0.175 or more and 0.195 or less.

9. The biaxjially oriented polyester film as specified in claim 6,

wherein the density of the film is 1.385 or more and 1.400 or less.

10. The biaxially oriented polyester film as specified in claim 6,

wherein the heat shrinkage starting temperature of the film is 70°C

N B 1



4.  The biaxially oriented polyester filmas specified in claimil,
wherein the creep conpliance after being left for 30 m nutes under the
conditions of a tenperature of 50[err]C and a load of 28 MPa is 0.11 GPa
[err] or nore and 0.35 GPa [err] or |ess.

99 5. The biaxially oriented polyester filmas specified in claiml1,
wherein the propagating tear strength ofigighe film converted to 5 [err] m
t hi ckness, in the transverse direction is 0.7g or nore and 1.8g or |ess.

0 ine DXl Y O LEPA g%i\e;)gtla §%@5nﬁage%asa SReELLdEde] 8 Wod Mbding

wherein the po yes 'S | ene terephthal a The biaxially
oriented polmgg@earfjésgLas specified in claim6, wherein at |east either
the ratio Rlerr] (=I[err] /I [err] ) of the peak intensity in the machine
direction (I[err] ) to that in the normal direction (I [err]) at 1615cm
[err] measured by |aser Raman scattering or,, the ratio Fierf ..
(=I[err]/|[er¥],) dfhkghcdprsiityi RREIRGICYT 5P ARRI t"&e&h%ém'@ 1gfinde 8t PEHF AL TD)

to that th t .
by axi al 1y or [GHEBREpASETer Fitnteepedtielofh felarm e, & T

12. An electrostatic capacitor comprising a biaxially oriented

polyester film as specified in claim 1.

13. A heat transfer ribbon comprising a biaxially oriented

polyester film as specified in claim 1.

14. A method for producing a biaxially oriente& polyester film
wherein a substantially amorphous polyester film is stretched
biaxially in the machine and transverse directions so that the
birefringence (A n) and the crystallinity of the film become 0 -
0.02 and 6% or less, respectively, and the film is subjected td .
second transverée stretching at a temperature lower than the
temperature for the preceding transverse stretching, followed by

second longitudinal stretching.

15. The biaxially oriented polyester film production method as
specified in claim 14, wherein the ratio (A/B) of the maximum
thickness of the edge part of the substantially amorphous polyester

film (A) to the thickness at the center of width (B) is in the range

e

T



wherein the refractive index in the normal direction (n [err] ) is 1.470
or nore or 1.485 or less, with the planar orientation index (f [err] )

being 0.175 or nore and 0. 195 or | ess. 9. The biaxially oriented
pol yester filmas specified in claim6, wherein the density of the filmis
1.385 or nore and 1.400 or |ess. 10. The biaxially oriented pol yester

filmas specified in claim6, wherein thgjheat shrinkage starting
tenperature of the filmis 70[err]C _
100 or nore, opvid.lp the dheat shrinkage at a tenperature of 80[err]C bein
0.5% or |ess. 11. A high-density magnetic recording nedi um conprising a
biaxially oriented polyester filmas specified in claim 1. 12. An

el ectrostatic capacitor conprising a biaxially oriented polyester filmas
specified in &fai fhe biaxighly grieaked pghvgséerrfhoR eHRFAPRI PRFMdbiaxi al | y

ori ent ed polgsggi Eegi

idﬂ% §15”Ti?'&Aé?gihrhéﬂs%hﬂ%fally amorphous polyester
film is stretched in the machine direction at a temperature in the
range of (glass transition temperature Tg + 15) °C to (Tg + 45) °C

and a draw ratio of 1.5 - 2.5 times, and subsequently stretched in

+

the transverse direction at a temperature of (Tg + 15)°C to {(Tg

45) € and a draw ratio of 1.5 - 2.5 times.

17. The biaxially oriented polyester film production method as
specified in claim 14, wherein the second transverse stretching is
carried out at a temperature in the range of (glass -transition
temperature Tg - 15)°C to (Tg + 25) C and a draw ratio of 3 - 5

times.

i8. The biaxially oriented polyester film production method as
specified in claim 14, wherein the second longitudinal stretching
is carried out at a temperature in the range of (Tg - 25)°C to (Tg

+ 85) C and a draw ratio of 2 - 6 times.

19. The biaxially oriented polyester film production method as
specified in claim 14, wherein the second longitudinal stretching
is carried out in multiple steps up to a draw ratio of 3 to 6 times,

with the first step being performed at a temperature in the range of

0 R



14. A method for producing a.biaxially oriented polyester film wherein a
substanti ally anorphous pol yester filmis stretched biaxially in the

machi ne and transverse directions so that the birefringence ([err] n) and
the crystallinity of the filmbecone O - 0.02 and 6% or |ess,
respectively, and the filmis subjected to second transverse stretching at
a tenperature |lower than the tenperatursg,for the preceding transverse
stretching, followed by second |ongitudinal stretching. 15. The

bi axially ori ed; pehyest fily odygd I+9R EIAHAd, DREGHd | I m
14, wherein tﬁ%bt ratli gb(A/ B)%gof tﬁyepérraxi rr%m t hi cknes‘z&os"f tﬁg éedtfggt%gsr tcétgf

t he subst anti al denpapdeyreotis il yesdelor hédenchdy (trg & heo di ekngss +asst he .
center of width (B) is in the range

101 of 2.0 - 6.0. 16. The biaxially oriented polyester film production-

met hod as specified in claim 14, wherein substanti al I%‘[carmrphous pol yest er

filmis stretthed FhetHE*ARtH REIRTECPPLIPSEET & HBNPEI AR iMPHAL 2% ange
of (glass traggiLicols LGB, ATl 141 u§hM 1L WRefhS tndN:1d8LLE

stretched polyester film, after the second longitudinal stretching,

is subjected to third transverse stretching,

21, The biaxially oriented polyester film production method as
specified in any of claims 14 through 19, wherein the biaxially
stretched polyester film, after the second stretching in the
machine direction, is subjected to third stretching in one step or
in two or more steps in the transverse direction at a draw ratio of
1.2 to 2.5 times which is performed while gradually increasing the
temperature in the range of more than (Tg + 10) °C to (polyester's

meiting point Tm - 45) °C.

22. A method for producing a biaxially oriented polyester film
specified in claim 1 wherein substantially amorphous polyester film
is stretched biaxially in the machine and transverse directions so
“that the birefringence {A n) and the crystallinity of the film
become 0 - 0.02 and 6% or less, respectively, and the film is
further stretched in the transverse direction at a temperature
lower than the temperature for the preceding transverse stretching,

followed by second longitudinal stretching.



and a drawratio of 1.5 - 2.5 tinmes, and subsequently stretched in the
transverse direction at a tenperature of (Tg + 15)[err]Cto (Tg + 45)
[err]C and a draw ratio of 1.5 - 2.5 tines. 17. The biaxially oriented
pol yester film production nmethod as specified in claim14, wherein the
second transverse stretching is carried out at a tenperature in the range
of (glass transition tenperature Tg - 15)Cto (Tg + 25) [err]C and a draw
ratio of 3 - 5 tines. 18. The bi ax} ly oriented polyester film
production nmethod as specified in claim14, wherein the second

| ongi tudi nal stretching is carried out at a tenperature in the range of
(Tg - 25)[errix toa(mkghod £ix) pfedudiGgancbiaxdamly paientedf p@iyestet i fian

19. The biaxially oriented polyester film production nmethod as specified
in claim14, sHerésing ﬁbr%%@éﬁétqﬂwi‘gl stRAsnay %’terlé?t‘r:'hlthg fizstcgeePediodut in
mul tiple step raw.ratio of 3 to first ste

bei ng perfor e gfltl%d aééﬁ]t_)e 1lm 38 gtrepghed gﬁaaélagﬁy in the macmlne dlrectlog
102 (Tg - 15)ethl Glfstd@etatrdctiBhld faur e bl ALGORL AN GPDSGAVRD

st eps at
range of (polyester's glass transition temperature Tg + 25)C to

{(Tg + 45)°C and an area draw ratio of 2 to 7 times, in the second
step, the film is stretched biaxially in the machine direction and .
the transverse direction simultaneously at a temperature in the
range of (Tg - 15)C to (Tg + 10) C and an area draw ratio of 4 to
16 times, and in the third step, the £ilm is fu;ther stretched
biaxially in the machine direction and the transverse direction
simultaneously at a temperature in the range of (polyéster's

melting point Tm - 130) °C to (Tm - 10) °C and an area draw ratic of

1.5 to 5 times.

24, The biaxially oriented polyester film production method as
specified claim 23, wherein the film produced by the first-step
simultaneous biaxial stretching has a birefringence ( An) and a

crystallinity of 0 ~ 0.02 and 6% or less, respectively.

25, The biaxially oriented polyester film production method as
specified claim 23, wherein the third stretching is performed in two

or more stages of temperature ranges.

T



a tenperaLure in the range of nore than (Tg + 10)[err]C to (Tg + 85)

[err] C. 20. The biaxially oriented polyester film production nethod as
specified in any of clains 14 through 19, wherein the biaxially stretched
pol yester film after the second |ongitudinal stretching, is subjected to
third transverse stretching. 21. The biaxially oriented polyester film
production nethod as specified in any ofi0&l aims 14 through 19, wherein the
biaxially stretched polyester film after the second stretching in the

machi ne direchgon.p,l.s, SHRI§¢L eodugﬁtéé“pﬁa? SIAY Egﬂrmgrbéh&fl%n%&% gr as' D in tWO

or nore steps In the transverse direct O at a aw rati1 o of

times which i gpa&rsfiesn@hinwhpl £ vieasinlehy ¢dipe@asdried ot Neentee PRIt Uhge | n the
range of nore than (Tg + 10) [err]C to (polyester's nelting point Tm -

45)[err] C haPd theAfivat ledge fisr ipridducange @fbipndivakter 'or géasedrpok eiiner
film specified in claim1 wherein substantially amorphous polyester film
i s stretched bpEBararpye il ¢heS ndchthd Tant %aksverse directions so that
the birefringence ([err] n) and the crystallinity of the film becone 0 -
0.02 and 6% or less, respectively, and the filmis further stretched in

the transver sg;di r gChlabadkod dBHREHR! U FradiQVEY driBhddigol pIRRLALNLL Tor

the precedi ng transverse stretching, y second | ongi t udi nal
stretching. specified in claim 1 comprising three stretching steps, wherein in

the first step, non-stretched cast film is stretched biaxially in
the machine direction and the transverse direction simultaneously at
a temperature in the range of (polyester's glass transition
temperature Tg + 25) C to (Tg + 45) °C and an area draw ratio of 2
to 7 times, in the second step, the film is stretched biaxially in
the machine direction and the transverse direction simultaneéusly at
a temperature in the range of (TQ - 15)°C to (Tg ; 10) °C and an
area draw ratio of 4 to 16 times, and in the third step, the film is
further stretched biaxially in the machine direction and the
transverse direction simultaneously at a temperature in the rangé of
(polyester's melting point Tm - 130) °C to (Tm - 10) °C and an area

draw ratio of 1.5 to 5 times.

28, A method for producing a biaxially oriented polyester film
specified in claim 1 wherein substantiéily amorphous polyester film
is stretched biaxially in the machine direction and the transverse
direction so that the birefringence ( A n) and the crystallinity of

the film become 0 - 0.02 and 6% or less, respectively, and the film



103 23, A met hod for producing a blaX|aIIy oriented polyester film
conprising three stretching steps, wherein in the first step, non- :
stretched cast filmis stretched biaxially in the machine direction and
the transverse direction sinmultaneously at a tenperature in the range of
(pol yester's glass transition tenperature Tg + 25)[err]Cto (Tg +
45)[err] C and an area draw ratio of 2 tqﬁ% tinmes, in the second step, the
filmis stretched biaxially in the nmachi direction and the transverse

direction si rrul tfan%ousl ¥r(§ttchaedt emer a&y ngvep etgqf @,%g‘efgf (t'léglge]agt@r[eer r]c

to (Tg + 10) err Bh Area draw ratro o I mes Inthe
third step, thfeli 4dBn en Wdipetasideetshatie Picbeudhd ralsidieseMBEPENing,
direction and the transverse direction simultaneously at a tenperature in
t he range of dn@okyestian’ $s mektretghpdi 1t then machlBe diserckidon 0 foThowedl By
[err]C and an area draw ratio of 1.5 to 5 tines. 24. The biaxially

ori ented pol y@s‘tte?lef'lsltm?p‘?’d@l}éﬁl%ﬂ?srrbﬁf@élaﬁtreé‘ﬁbé?&f ii8dtke d1aeheBe wher ei n
t he f|In1produced b rst-step anequs, bi axi al stretching

bi r ef ri ngenceé*® E’r%/"] aﬁ? g?fdtéan%vﬁﬁfa‘%’lrieﬁhv ¢f Bhe 5mBeraigceta e f’g
respectively. {(polyester's melting point T™m - 130) °C to (Tm - 10} °C and at an

area draw ratioc of 1.5 to 5 times.

g



25. The bhiaxially oriented polyester film production nethod as specified
claim 23, wherein the third stretching is perforned in two or nore stages
of tenperature ranges. 104 26.
The biaxially oriented polyester filmproduction nmethod as specified claim
23, wherein the tenperature of tenter clips that hold the filmedge is in
the range of (polyester's glass transitil@% tenperature Tg + 15) [err]C to
(Tg + 50) [err]C. 27. A nmethod for producing a biaxially oriented

pol yester fil maReei s idd elPers bk isreROFPIMS AR iR CpiidDvR et METROSPS |
wherein in the first step, non-stretched cast filmis stretched biaxially
in the machine direction and the transverse direction simultaneously at a
tenperature in the range of (polyester's glass transition tenperature Tg +
25) [err]Cto (Tg + 45) [err] GBSERAGI OFr BRE @LBOEQSEREO of 2 to 7 tines, in
the second step, the filmis stretched_ biaxially in the machine direction

and the transverse BIfECPPONSAnBIdEIRE VIR eaEed ROt Erpstaf it St e T-dnge
of (Tg - 15) ( +.10). [.e n I r.aw, j . 6 tines,
and in the t%% %rsi{gfoe, ltjﬂhzee%lﬁrrml;f;"'i:aﬂ)fqL th e”?) dgﬁ%t@hgﬁdgﬁagg?ﬁa Idaftrlgﬁéjt%ne
machi ne dire¢th) 8Pdid RBe transverse direction (YmTD), and in the range of 55

° or more and 85° or less in the circumferential half-width of the
diffraction line from the crystal plane in the direction of the
polyester's backbone chain that is determined through crystal
orientation analysis by wide angle X-ray diffractometry performed
while rotating the polyester film around its normal. The film is
high in rigidity in all directions within the film plane, high in
tear resistance, high in dimensional stability, and resistant to
deformation under load, and have very great industrial advantages as
material for high-density magnetic recording media, with wide
'applicability as material for electrostatic capacitor, heat
transfer ribbdn, and base paper forx thermoseﬁsitive stencil

printing.



transverse direction sinultaneously at a tenperature in the range of
(polyester's nelting point Tm- 130) [err]Cto (Tm- 10) [err]C and an area
draw ratiqg of 1.5 to 5 tines. 28. A nmet hod for producing a biaxially
oriented polyester film specified in claim1l wherein substantially
anorphous pol yester film is stretched biaxially in the machine direction
and the transverse direction so that th2g birefringence ( [err] n) and the
crystallinity of the filmbecome 0 - 0.02 and 6% or |ess, respectively,

and the fi!lgramid materials have been used conventionally aslgﬁgy Q§efKQ4ﬂq§5
stretched in the transverse direction at a tenperature |ower than the

t enper at ur e dteeniie apaceindgoi4IAREYRI SR ySt rtHothh Nthey anél Hilkd inlpgpikcs

re-stretched in the machine direction, followed by nultiple-step

si mul t aneousandi dksadvagtagaolsi by tenms hef wrehi manufidigtacerorhamedhedeco use
transverse direction in the tenperature range of poléesten's mel ting

point Tm - IF6P foriPeEStIF Y Mh 2lteaPatbies &hﬁt“i(i‘r‘?r #oy dPaw ratio of

1.5t05 ti'E%EVentional methods for producing a high-strength biaxially oriented
polyester film, film is once stretched in two directiomns, i.e.,
machine and transverse directions, and further stretched in the
machine direction to ensure high strength in the machine direction
{for example, JP~-B-SHO 42-9270, JP-B~SHO 43-3040, JP-B-SHO 46-1119
gnd JP~-B-SHO 46-1120). For additional increase in strength in the
transverse direction, "longitudinal and transverse re-stretching
processes” in which film is first re~stretched in the machine
direction and then re-stretched in the transverse direction have
been proposed (for example, éuch films are proposed in JP-A~SHO 50-
133276 and JP-A-SHO 55-22915). High-strength polyester films
produced by these conventional methods have such disadvantages as:
1) tape breaks during use, 2) insufficient rigidity in the
transverse direction causes edge damage, 3) elongational
deformation under stress'or dimensional deformation due to
environmental conditions result in a shift of recording tracks that
cause errors when records are read out, and 4) insufficient
strength brings about difficulty in thickness reduction and makes
it impossible to achieve required magnetic conversion performance.
Thus, many problems still remain to be solved to allow large-

capacity, high-density magnetic recording tape to be produced from
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