PCLARI ZI NG FI LM AND METHOD OF MAKI NG SAME Technical Field This invention
relates to,a polarizing filmb5 containing a photodichroic materi al
havi ng excel I ent pol ari zi ng performance and optical uniformty, agd{b gs\[ C}D
.a method of making the sane. Backgreuhd-Art In recent years, polar|2|ng
fillns. are being 10 widely used as an el ement of |iquid-crystal display
devi ces for electronic conputers, watches and the |ike or as glare shi i%@
bplled to. glass and the |ike. However, the devel opnent. of- el ectroni ? )
i ndustry has -enlarged the field of application of 15 | i qui d-crystal
di spl ay ‘devices, leading to a denand for. inproved .performance of |iquid
crystals thenselves As a result; it has al so come to be required that :
.polarizing films wused in E@MRII&INGnthAND METHQD QR MAKINGE2AMFttain an
- i‘nproved degree of 20 polarization, exhibit optical uniformty, and have
~excellent thermal resistance and noisture resistance. Conventionally,
.polarizing filns conprising po (PVA) -and iodine are commonly

-'ysed °~ - 2- Dbecause of their propertles However, such
_ipolar|2|ng films of the Pvéhigdiﬂgeﬁ¥f§hhﬁgf%éégato a polarizing film
i;? 5 contalnlng a photodlchrOLc material and having

- excellent polarizing performance and optical uniformity,

" \{_ : as well as a method of making the same.

' Background Art
| . In recent years, polarizing films are being
10 :widely used as an element of liquid-crystal display
devices for electronic computers, watches.and“the
like or as glare shields applied ﬁo glass and the
- like. However, the development of eleétronics
industry has enlarged the field.of_applicaﬁion of
15 . liquid;crystal display devices, leading.to a demand
for improved performance of liquid crystals themselves.
Asa result, it has also come to be required that
- polarizing films wused in combination with liquid

crystals should attain an improved degree of:

o

20 polarization, exhibit optical uniformity, and have

excellent thermal resistance and moisture resistance.

4]

Conventionally, polarizing films comprising

polyvinyl alcchol (PVA) and iodine are commonly used



- di sadvantage of being insufficient in noisture resistance and thernal
resistance, Accordingly, 5 durabl e polarizing filnms conprising at

eless

perTormance and, therefore, have not yet been put to practical use under
t he present sltuation. Conventionally, two general nethods of making a
pol arizing filmcontaining a photodichroic naterial

met hod invol vegelanse YR bk ogﬁ' 855 ﬂzﬂn % LrDASE. ' e8bde@EE O di NG

to any of such techniques as ro etc I ng,

|I;.olast|c resin and a photodi chroic nmateri al

such polarizing fil#asacenprising a thernoplastic resin and a
chroic material fail to exhibit satisfactorily high 10 . pol ari zi ng-

etc. and then smhegmhrmglhbefminm oift BheOBVALi 8dife PEPHO habe Otite
material, while the other involves uniaxially orienting a filmof 20

base resin contddisadvgntageobddbeiingi tnsafficiéntcinrdoigtureany of the

af oresai d techni ques. In either of these nethods, the base resin.s

uni axi al l'y ori seRsdgtapcer padgéhermajoresistance. ondcavrétngly, and t he

are now bei ng devel oped.

have been known. One

preSS|ng fenterf ng,

phot odi chroic material is oriented_on the basis 25 of the orientation of

the base Pesi ndtgakdfi pelariging flémspSPHPF%?h@gp%FfEP?EFREJasﬁk%ord|ngly,

it has been

io

15

20

25

resin and a photodlchr01c material are now being
developed, Nevertheless, such polarizing films
comprising a thermoplastic resin and a photodichroic
material f£ail to exhibit satisfactorily high

polarizing performance and, therefore, have not yet

been put to practical use under the present situation.

| Conventionally, twd.generallmethgds of
making a polarizing film containihg a photodichroic
material hake been known. One method involves
uniaxially orienting a film of base resin according
to ény of such techniqués és roll sfretching, roll
pressing, tentering, etc. and then impregnating the
film with iodine or -a photodichroic material, while
the other involves uniaxially orienting a film of
base resin containing a photodichroic material
according to ahy of the aforesaid techniques. In
either of these methods,'thé base resin isﬂuniaXiaily
oriented to arrange its molecules in one direction and

the photodichroic material is oriented on the basis

- of the orientation of the base resin to manifest its



believed that there is a close relationship between the state of
orientation.af the base resin and the pol ari zing performance of the fil
Usual |y, the state of orientatioon of a resin is evaluated by deternipf
its uniaxial orientation coefficient (f), with a greater value of f
indi cating a higher degree of orientati n” Thus, it has been asumed \t hat
thg‘polar|2|ng per f or mance. 10 of a f|In1becones hi gher as its degree of
~orientation is increased. However, in the course of research on polarizing
filns consisting of a hydrophobic base resin and containing a photodichroic
material, the pressiyrid Mg rorianeel.0UndcardiagegEnoe HhkChed®  cannot
necessarily be accounted for by the above- described principle. Mire
specifically, it Bekidesh thaindheret isi a cldse relabienshipfbébwéeni ng good
~polarizing properties, the filmnust have not only a high uni axi al
orientation coef fils ettatel ofaorientatdionr mifnsbebhasherasinyandf thecti on

‘met hod, but al so good uniformty of diffracted | ight intensity on the
Debye<Scherrer_riHﬁﬂﬁﬁ%ﬁiﬁﬁﬂPQM£é¥m%nﬂ&y§ fokhgl E&1M o the reference axis

(which will q; descrlbed Iiégr? Leggﬁ'fkggglo |ggge Qaglsurfgcg

.perpendlcular 25 to the

resin is evaluated by determining its uniaxial
orientation coefficient (f), with a greater value
of f indicating a higher degree of orientation. Thus;
it hag'been asumed that the polérizing perférmance
16 .of a film becémes higher as its degree of orientation
is increased. However, in the courée.of research on
polarizing films.consisting of a hydrophobic base
- resin and containing a photodichroic material, the
present inventers have found a_phenomeﬂon.which
15 cannot necessarily be accouhted for by the aboﬁe-
 .described'princip1e. More specifiéally, it has-been :
U found that, in order to obtain a film having-good
polarizing-properties; the film must have not oniy
a high uniaxial orientation coefficient (f) as -

20 determined by the X-ray diffraction method, but aiso'
good uniforﬁity of diffracted light inteﬁsity'on)the-
Debye-~Scherrer ring produced when X=-rays parallel.

i‘ to the reference.axis {which will be described
later) of the film impinge on a surface peipendicular

25 to the reference axisé



it has al so been found that, in order to attain at |east a

ernmi ned degree of unlforn1ty of diffracted light intensity on the

di d Debye- Scherrer ring, the base resin nust be uniaxially 5

ed so as not to cause any substantial orientation in directions other

: Tthat of the orientation axis af ghe film Disclosure of the Invention
It is an object of the present invention to 10 provide a polarizing fllgn

havi ng excellent thermal resistance and noisture resistance, giving a high -

..degree of polarization, and exhibiting good optical uniformty. It is

anot her object of the pﬁﬁﬁﬁpt:ﬁ?gﬁs aﬁ%%pthﬁ E8u9d0¥hg% a; FE gg of naking

polarizing filns which pérm’ts polarizin s havi ng eXxce polar|2|ng

performance t Qe 1% %@&@séuoraoq,%%@t@%ﬁh@anaebeea SEMph ¢ £BEASRYUr €.

According to the present i1'nvention, there 20 I s“provided a pol arizing
filmcontaini e AaiFFsadwed niyht anpiaatseciycbhOtﬁenaEes.—eahmhnébyes
characterized in that (1) the uniaxial orientation coefficient (f) (as
defined bel owpcheririeer priingei e baget alesani gusit bheubaagiaddyn mnth respect

25 to the reference axis is not |ess than
5 oriented so as not to cause any substantial

orientation in directions other than that of the

orientation axis of the film. ~ . . . . ' v

- Disclosure of the Invention -

It is an object of the present invention to
10 provide a polarizing film having excellent thermal
resistance and moisture resistance, giving a high
degree of polarization, and exhibiting gobd‘optical
uniformity.
It is another object of the present
15 invention to prov1de a method of" maklng polarlzlng .
films-which permits polarizing films having excellent i,f
polarizing performance to be cdnsistehtly-p:oduced
according to a simple procedure.
- Accordingvto'the present'ihvehtiOn,-fhere
20 - is provided a polarizing film’containing a base ' e
resin and a phbtodichroic~material which is
characterized in that
(1)  the uniaxial orientation coefficient (f) (as defined below) of
the principal crysta1 axis of the basé resin wiﬁh respect

25 to the reference axis is not less than



-5- 0.7, the reference axis being deflned when the inpinging X-rays are
perpend| cular to the surface of the polarizing film as an axis which sy
the plane of the polarizing filmand which 5 makes an angl e
ferr] with the axis nmade by nornmal projection of the direction of th
strongest X-rays in the Debye-Scherrer ring diffracted by crystal pla
pafallel to the principal crystal axis of the base resin 10 on the
polari zing film and (2) Wen X-rays travelling parallel to the reference
axis, inpinge on a surface of the filmwhich is perpendicular to the
reference axis, the 15,7, the Béfshiricd faxi NR)baiing hie fHfnerdes athenurthaxi al
orientation coefficient (f) and the ratio (R = ([err]) x 100) of the
“minimumval ue ([err]) impimgimguarurayslare (Jerpgrdisfuldy faaadthed sprfage

Ctintensity on the resulting Debye-Scherrer 20 - ring i s naot less than
-*10. The above-descri bedf pbﬁl%trPQlﬁ*@l#Wgn%ﬂmheaﬁ)r%eﬁlﬁ W’éﬂhi dﬁ; can
#basically be made by the method of the present invent whi descrlbed
“hereinbel ow. Speci fi cat® ythadRirrg RE t the ReIATENI ‘Ar?\?]é?]t t here

I s also pr Ovi!i ded a met hglgeé)fargmal.(xliglge pOJL_agdzl nz'gth the axis made by

P
r W

normal projection of the direction of the

e strongest X-rays in the Debye-Scherrer ring
' diffracted by crystal planes parallel to

the principal crystal axis of the base resin

.10; . on the polarizing film; and

-

(2) When X-rays travelling parallel to the.reference
- axis, impinge on a surfa;e of the film‘whiCh is
perpendicular to the ;efe;ence axis, the
15 . product (f x R) of the aforgsaid uniaxial 
orientation coefficient (£f) and the ratio
"\ | _ - (R = (Imln/ max) x 100) of the minimum value
(I ;,) to the maxmum vglue (Imax) of diffracted
X-ray intensity on the resulting Debye~Scherrer
20 - ring.is not less than 10.
The above-described pqlarizing_film of the

present invention can basically be made by the method

&

of the present invention which is described hereinbelow.
Specifically, according to the present invention,

25 | there is also prbvided a method of making polarizing



6 filnms_containing a base resin and a photodi chroic material which-includes-
the syepyof orienting an unoriented film the nethod being characterized in
t hat Pgﬁ inoriented filmis oriented in ' one 5 directionh with a
~streticwratio of 2.5 or greater so as to give an X value of 0.5 or greater,

“the X'val ue being calculated fromtheeéqguation - X =(d x L)/(D x [err])

(1) where Dis the neasured thickness of the unoriented 10 film L is . thé
measured di mension of the unoriented filmin the direction perpendicular tg -

the direction of orientation, d is the neasured.thickness of the oriented
film and [err]gsigad ROdBATHIRS LivEesisief dite Pphdd didddd n the

di rection perpendicul ar 15 to the direction of orientation. Mre
specifically, tfiteriRihediigy dhcnrids atheotedc of drigntd mnyarof the
followi ng four enbodinents. In a first enbodinent, the unoriented film 20
is transver sel yursdrrietriest] fiblin e thes nedihgid beiimg chiaraediesrided dai ng

~ forcedly reduced by 20% or nore. In a second enbodi nent, the unoriented
Cfilmis transvdihad che reatiented &ilm dsaemieatedhity acted so &€ o reduce

- its apparent |ongitudinal 25 di nension tQq 80%) %r | ess of its actual
Iongitudiné direction with a stretch ratio o .5 or greater so

as to give an X value of 0.5 or greater, the X value
being-calculaﬁed from the equation ' _:. ' - -
X=(dxL/(MOxe (I}
where D is the measured thickness of the unoriented
10 film, L is the measured dimension of the unoriented .
film in the direction perﬁendicular to the direction
of orientation, d is the measured.thickness of the
.oriented film, and 2 is the measured dimension of
the oriented film in the direction perpendicular
15 to the direction of orientation.

- More specifically, this method may be

carried out according to any of the following four. : \;,

embodiments.
In a first embodiment, the ﬁnoriehtéd film.
20 is transversely stretched while;its-longitudinal
“dimension is being forcedly reduced by 20% or more.
In afsecond embodiment, the_unoriénted
film is'transversely-étretched after it has been
contracted so as to reduce its apparent longitudinal

25 dimension to 80% or less of its actual longitudinal



-7- dimension. In a third enbodi nent, the unoriented filmis oriented by a
roll stretcthg process in which a roII havi ng a curved sectional sha S
used as the 5 | ower -speed roll of the stretching roll pair. Int ﬁ%é;;;
“fourth enbodi ment, the unoriented filmis oriented by aroll stretclhi )
process in which at | east one forcedly driven roll is disposed bet
| ow- speed rolls and the high-speed rolls 10 —and the filmis allowed to
sI™ .on the surface of the forcedly driven roll while being kept at its
oricentation tenperature or above. Brief Description of the Drawi ngs Figs. "
and 2 are section #m¥%§¥@nof curved 15 heating rolls.for use in the
third enbodi nent € net hod of making polarizing filns in accordance
W th the present invention;zfig. ti9i+@ SiSeiGEHt C tHedinWraWntaeWfagmt he
change in width of the filmafter being passed over the curved heating rol

-20 - used in thig efbedts@by @nEoTi Ostre tchime Promidsc in alvich an
exenplary process for carrying out this enbodi nent. - 8-
T e .a roll having a curved sect10na1 shape is used as the
.5 - lower-speed roll of the stretchlng-roll palr.'"

@

In the fourth embodiment, the,uneriented
"film is oriented by a'roll-stretching'proceee:iﬁ
which'at least one forcedly driven roll is'disposed _
between the low-speed rolls and the hlgh-speed rolls'
10 and the film is allowed to slip on the surface of
the-forcedly drlven'roll while being kept at its -

 orientation temperature or above.

" Brief Descrlptlon of ‘the Drawings

_ Figs. 1 and 2. are sectional v1ews of curved.-
15 fheatipg-rolls.for~use in the third embodiment of |
Lo ~_the method of making polarizing £films in accordaacef
.with the present -inventien;'F'j.'g'_. 3 is a schematic
plan view showing the chaege'ih'width*of'the'fiim
~ after being passed over the curved heating roll
20 - used in this embodiment; and Fig. 4_isﬂa'echematic
'. -view of an exemplary process for carrying out this

e .embodiment.



- Best Mbde for Carrying Qut the Invention As the base resin used in the
~.present invention, there may be used any of various resins which can be

4

S,

- Among these resins,
- preferred. Phot odi 8§01 hodBt 86t ot sr

ani sot r opy

pol yol ef i ns,

in ligh

4O transparent filns and can be 5 oriented. Anobng ot hers,
~hydrppholi c thernoplastic resins are preferred.
) tic resins are honopol ynerg -and copol yners includi ng pol yesters,_

pol yvinyl halides, polystyrene, polycarbonates,

| ates, pol ysul fones, polyethers,. polyvinyl- alcohol and the like. -
pol yol efi ns, pol yam des and polyesters are particularly

deoge it difer@idg | al s having

used in the present invemsi ﬂme_qeﬁsé)ergeheqiﬁaﬁrmmms&ﬂs and organic
pi gments which are known to exhibit photo- dichroism and useful dyes .
i ncl ude directinyestidnspthere dyay,be owsed dygs eihdvamanis wesdyss (as 20

-di scl osed,

Japanese Pat eriwhigly| Faatbe > Puka/ transpavanty

agents t hat

‘resins or ¢

for exanpl e,

I n Japanese Patent Laid- %?JEWNO' 41)0674%;' 78 and
: SNHIEMiIRE col ori ng

can be diépersed or disssolved in the aforesaid thernoplastic

an PRpERte

ol ANPRGRtRLLF o Bifdrophiolis hermoplasiiGint of

phOtOd'ChrO'C Qggfﬁéghpﬂgggkerred._ Examples of such preferred

10

15

20

25

thermoplastic .resins.are homopolirmer_s- and copolymers

ine luda_';ng polyesters, poiyamigie's-_,-- polyolefins,

- polyvinyl halides, polystyrene, polycarbonates,

pquac:ylate-s, polysulfones, polyethers, polyvinyl

alcohol and the like. Among these resins, polyolefins,

polyamides and polyesters are particularly preferred.

materials

Photodichroic materials may be defined as

having anisotrqpy in light absorption -

- properties. The photodichroic material used in the

_présent invention can be selected from among dyes and

organic pigments which are known to exhibit photo-

dichroism,

and useful dyes include direct dyes,

disperse dyes, ionic dyes_and-réactive dyes (as

disclosed,

for example, in Japanese Patent Laid-Open

No. 106743/'78 and Japanese Patent Publication -

No. 3944/

74) . . Among others, organic coloring agents

that can be dispersed or disssolved in the aforesaid

thermoplastic resins or can impart color thereto are

preferréd.

The amount of photodichroic material used

W

Exanpl es of such preferred

di chroic materi al

]



- 9 - may vary according to the desired degree of coloring of the
pol ari zing f+lm However, the photodichroic material is usually used in an
anount of 0.003 to 3% by weight, preferably 0.01 to 1% by weight, based.
5. the weight of the high polyner. Theuroriented filmused in the p
_invention conmprises a filmforned fromthe aforesaid base .resin, ha
having the photodichroic material blended therein, according to
or I nary 10 melt extrusion process or other various processes such as
sol vent - casting and the |ike. Were the photodichroic material is not :
previously bl endasay nvdie drserdiasg rto tthe fddsired degree offt enloriagt ati on
- can be inpregnated with the photodi chroic material 15 according to a
_techni que such asoflyehenpalaritding ifiddm. 1 Hoswebobetri, o ithieo phlo&oglichodi chr oi ¢
~‘material, the base resin nmay contain stabilizers, ultraviolet |ight
~ absorbers, |ubri ceateri al rifs s uaiw asgge dims a@n@rtmeﬂ Plfeoagoéeé’rpr 84.. 20
The poIarrzrng filmof the present invention can be mage by orienting the
af oresai d unori erméd"qqq}}ﬁ'atp-?fteé"r?ﬁ’e‘ﬂ O & dder¥: HELGBEY RGSEEi AR and
‘glass transit oi nt oﬁlthe se re Thereafter the filmis fixed,
. if desired,. he ?rﬂf%q %héﬁi H& rroll, in a hot-air oven or

vi th an infrared The unoriented film used in the present

L inveﬁtion_cqmprises-a film.fqrmed'frbm the aforesaid

~ bese resin, having or not having the photodichroic
material blended therein, according to an. ordinary

10 melt extrusion process or other various processes
such as solvent casting and the like. -Where the
phbtodichroie material is not previously blended in
the base resin, the film before or.after;orienfation
can be impregnated with the.photodichfoic material

15 .accordipg_toea:technique such as dyeing and .the
like. In addition to the pﬁdtodichfoic material, the

. | base resin may contain stabilizers, ultraviolet: 1ight'
absorbers, lubricants, surface active agents ahd
the like as desired.

20 _ The polarizing film of the present_inﬁentidn
can be made by orienting the aforesaid unorieﬁted--
£ilm at a tempe:ature'between the melfing point'and'

S8 glass ﬁ:ansition point of the base resin. Thereafter,
| the film is fixed, if desired,.by heating it over a

25 heating roll, in a hot-air oven or with an infrared



-10- heater. The orientation may be carried out according to any of various
. processes~i ncluding stretching processes such as roll stretching, bath

4 5 hot plate stretching, tentering, etc., and pressing
such as roll pressing, etc. However, it is necessary to orient
g0 as not to cause any substh®ttal orientation in directions ot her,
of the orientation axis, and the polarizing 10 filmof the A
present invention cannot be obtained unless a process neeting this '
requirenment is- enployed The met hod -of making polarizing filnms in
~accordance mnbg g present invention will be nore fully described with
reference to poTE: specific 15 enbodi nents in which the filmis not

substantially oriented ig,gdi E?ﬁéﬁggél&g I}ﬁg%tg@rbg‘fﬁe@f%%é Csi]c%dfdi | on

axis. The polarizing film of e present vention can aracterized by

meeting the folLboxhPdoflyarPbdsiphPEse 666 I TERIAY St R BRI ers
determ nable by X-ray diffraction nethod. (1) The uniaxial orientation

coefficient (fpretesbespsudsi agl rélysstietetitng Hakh ko tding wi t h
respect to the reference axis should be not 25 less than 0.7, the reference
axi s being ﬂefhoedplabenstretchlng, tentering, etc., and pressing

processes such as roll pressing, etc. However, it
is necessary to orient the film so as noﬁ to eeuse Q}'
any substantial orientation in directions other than
that of the orientation axis, and the polarizing
10 f£ilm of the present invention cannot be cbtained
unless a process meeting this requirement is employed.
The method of making polarizing films in eccordence
with the present invention will be more fuliy'
described with reference to various specific
15 embodlments in whlch the film is not substantlally
| oriented in directions other than that of 1ts
‘orientation axis.
‘The polarizing film of the present invention
can be characterized by meeting the follow1ng
20 conditions concernlng the two parameters determinable
by X-ray diffraction method. |
. (i)‘ The uniaxial orientation coeffieient
(£) of:the-principal crystal axis of the base resin
with respect to the reference axis should be not

25 1less than 0.7, the reference axis being defined, when

u



-.not | ess than 10.

the inpinging X-rays are perpendicular to the surface of the polarizing

- frlm as-an-axis which is in the plane of the polarizing filmand which .
“makes' an angle of 90 with the axis nmade by normal 5 proj ection of
direction of the strongest X-rays in the Debye-Scherrer ring 'diffract'
crystal planes parallel to the principalllcrystal axis of the base res

the.polarizing film If the uniaxial orientation coefficient (f) 10 is

| eSs than 0.7, the base resin will not be sufficiently oriented in one
~direction and the filmwll fail to give a satisfact'orily hi gh degree of
-pol ari zati on. Nbre p.referabl t he val ue of f ol €ss than 0.8.
15 %B‘eéﬁ%n agF Pﬁgpsgﬁégulzl ng ?l ATis cut out so

-as to have a surfac %Ir%[ q:tceub% 9 5_ rfgﬁﬁreg%eaﬁxh lzigd)r,( i npi nge.

+on the specimen psa‘%r e re erence axis e pro of the.

aforesai d uni axi gn Qe Y i b2 Ane pRARELehgn 1 P Radvh benr Akken(R -
er I’

{[err]) x 100) of the mnunmum val ue to the maxnmum val ue ([err]) of
" ffracted X-ray amt@{?let Vo 919 otoh i @S Whiel ag:.BehmdeSbyenbrman.l ng shoul d be

e value of (f X R) is less than 10, the 25
,§=Cryst als wlg exrp:fhje@tm af dhepldractionepfathenstndngest X-rays in
the Debye-Scherrer r:.ng diffracted by crystal planes
- parallel to the principal crystal axis of the base
resin on the polarizing film.
If the wniaxial orientation coefficient (f) .
10 is less than 0.7, the base resin will not be '
| sufficiently oriented in one direction and the film |
will fail to give a satlsfactor:.ly hJ.gh degree of |
polarization. More preferably, the value of £ should
be not less than 0.8.
15 - (2) vhen a specimeh of the polarizing film
is cut out so as to have a surface ?erpendicular
O to the reference axis and X-rays impinge on the |
specimen parallel .td the reference axis, the product_.
(f x R) of the aforesaid wniaxial orientation.
20 coefficient (£) and the ratio (R = (I, /I ') x 100)

mn

= ' of the minumum value (I . ) to the maxmum value (Imé.x)

.. of d:l.ffracted X-ray intensity on the result:.ng

% -

Debye-Scherrer ring should be not less than 10.

If the : value of (f x R) is less than 10, the

25 crystals will exhibit a uniaxial planar orientation and



- - 12 - even though the value of f is 0.7 or greater, the filmwll fail to-
".give a sati.sfactorily high degree of polarization. The value of (f x R
shoul & preferably be not |ess than 10 and nore preferably 5 not | ess than

reference axis 10

nt

(X-ray diffraction method for dRaracterizing the polarizing film of

~ 20.
-t he
of th

invention will now be described hereinbel ow. (a) Determnation._

A polarizing filmis attached to the\~

fiber sanple mount of an X-ray diffractometer (Mvdel SG 7; manufactured by

Ri gaku Denki
follow ng conditions, 1

Appl i ed vol t ag&Vess g

3 mMmin dianetgr,) --.- .verti.cal . 0 . . . 2) - - -
* horivontal ol fi MR Be Hive B satigfactoriay phab PRPEES,
- of an arbitraridgy 53al835604i0h)St ThePhaNGePdER!(lk RP EABuRAI NCi pal

S axi s.

25

10

15

20

- 25

Background and non-crystal peaks were
preferably be not less than 10 and more preferably

not less than 20.
The X~-ray diffraction method for
characterizing the polarizing £ilm of the présent

invention will now be described hereinbelow. .

- {a) Determination of the reference axis

A polarizing film is attached to the fiber

" sample mount of an x—ray-diffractoﬁeter (Model SG-7;

manufactured by Rigaku Denki K.K.) and its X-ray

di ffraction spectrum is recorded under the following

' conditions.

L=-ray source: Cu~Ko (Ni filter).
Applied voltage: 35 kV.
Applied current: .20'mA;
Slit system: Pinhole slit (3 mmin -
diameter) -—- vertical slit |
| (2°) --- horizontal slit (2°).
-'biffraction_apglez Adjusted to the
diffractibn,angie'of:an:arbitrafily
'selécted:crystal.plane parallél to
the principal crystal axis.

Background and non-crystal peaks were

lter).

5 ' - ' . Cu- i fi
S, e oL G £ 58 a7 S E%ebEEm hBi ihol o 41 i ¢

i on angle
crystal

K K) and its X-ray diffraction spectrumis recorded under the :

»

]



- 13 - separated fromthe X-ray diffraction spectrumso recorded. Then.
the reference axis is defined as an axis naking an angle of 900 wtl . '
direction giving the maxi mum crystal peak intensity. 5 (b) Measute
and cal cul ati on of the uniaxial orienLaﬁhog coefficient (f) A cylindric
speci-men of about 1 mm di aneter having e reference axis as its
‘l.ongi tudinal axis is prepared. This specinen is attached to the fiber 10
sampl e nount and its X-ray diffraction spectrumis recorded. Crystal peaks
are’ separated fromthe X—ray dlffractlon spectrunlso recorded. The nean

square 2 cosine %L éf%% r|n ?%a¥3§f% é1¥$t$hé$ e rurh E5PECt to t he

reference axis i s ca ed according to

the fol | ow NG eQUaldcited. ok, <§ha E&ga]:én&@eafei& ilad fiide angle whi ch

.the principal crystal axis 20 se resin makes wth the reference
‘axis. (c) lVEasurmen&naﬁaﬁgcahcuhgneoafoéobhmtntﬂ@e(cﬁreéiﬁﬂ]) x 100) of
diffracted X-ray |ntenS|ty

e _ glv1ng the maxlmum crystal peak lnten51ty.l

-5 (b) Measurement and calculation of the uniaxial
Qrientation coefficient H | |
| A cyllndrlcal specimen of about 1 mn diameter
having the reference axis as its longitudinal axis
is prepared. This-specimen-is attached to the fiber
.10 - sample mount and its X-ray diffraction spectrum is
recorded. o _ | _ |
Crystal peaks are seperated from the X-ray
diffraction spectrum so recorded. The mean.square
eosine_(<cos2 #>) of principal crystal axis with
15  respect to the.reference axis is determined and the’
value of f is calcnlated according to the'following '
A equation;

£=2x (3 x <cos? g >= 1)

N b

where % is the angle.which the principal crystal axis
20 of the base resin makes w1th the reference ‘axis.
(c) . Measurement and calculatlon of the ratlo
CR= (T m:l;n/Imax) x 100) of &iffracted X-ray
s | intensity |
- A polarizing film is cut into ribbons of 1 mm

25 width and 20 mm'length in such a way that the direction



A polarizing filmis cut into ribbons of 1 M 25 width and 20 rrmlength
in syeh.a Way that the direction 14 - of the width'is the sane as that

of theqeference axis and the dlrectlo? 40L the length is in the sane plane
-as rpendi cular to that of the reference axis. Then, a specinen is

prep . by stacking 5 these ribbons to a thickness of about 0.5 mMmwith
their reference axis parallel to one another. This specinen is attached to-~
the fiber sanple nount in such a way that X-rays paral lel to the reference =

i's inpi f L cul 1 he f e a and
s ray arrrraf B BEERRTLEA et Y %a%ﬁ%% TR Xlﬁ (a).
The maximum val Eﬁbe[%&]%%é”&' 5 P OLIYN y A %ge (& ddn t:ﬁ{eyt%{ |

i ntensity on the Debye-Scherrer ring are al ne |s

cal culated 15 p1hnénasnese pelpesapcerisi €9 érpaéfuffa{é %f&&m@tlon R=

[err] x 100 Now the nethod of making polarizing filns in accordance W|_th
the present invagison Thén, b£ spscined | is daragafadl ngrﬂam . 20
e

- The nmet hod of the present inveniton i's characteri.z in-that an unorient ed s
- filmis or¥ent cthése on@bhmsctoom thid:kmesss reef @bowtt i, Hfmm with :

"their reference axis parallel to one another. >

ThJ.s spec:.men is attached to the fJ.ber

sample: mount in such a way that X-rays parallel to \-" ':

the reference axis :|.mp1nge on a surface perpend:.cular

16' _' to the reference ax:.s, and its X-ray d:.ffract:.on
spectrum is recorded in the same manner as in (a).

~ The maximum value (I, ) and minimum value (I mj.n)

of crystal peak intensity on t'he Debye-Scherrer

ring are ‘obtained and the rat:.o R is calculated

- 15 ' from these values accord:.ng to the follow:.ng equat:.on.
| R= '(Imn/ ey X 100 |
Ncw, the method of mak:.ng polar:.z:.ng £films

in accordance with the present invention Wlll be
"more fully described hereinbeldw. _

20 | The method of the present inveniton is
characterized in that an unoriented fill.m is
oriented in one dz.rect:.on w:.th a stretch ratJ.o of
2.5 or greater so as to give ‘an x value of 0.5
or greater and preferably 0.7 or greater, the X value

25 being calculated from the following equation:

X=(dxL/{Dx 2) (1)



2.5 or greater so as to give an X value of 0.5 or greater and preferably
0.7 or greater, the X value 25 being calculated fromthe follow n
“equation: X = (d x L)/(Dx [err]) () -15-" 1 n the above
“equation (I), Dand d are the nmeasured tj cknesses of the film befor
after: orientation, respectively, and represent the actual thicknesses of -
thg,resin layer.: L and [err] are the measured 5 dinensions, in the _
direction perpendicul-ar to the direction of orientation, of the filmbefore
and after orientation, respectively, and represent the actual dimensions of
‘an effectively orj | O the fiJm r a erm ned
by inprinting.a 1%'?%%%#3%% %tggetléglrpg&di (:Du:ag?q%o[a?ﬁe]talgr g‘%??(‘)’%ggf _
orientation on then{kdlEsddrdt MhOfelhe bddr @ aRd TRA/Y bBdehtatiBAYLN
before and after orientation. In the present nethod, there may be enpl oyed
.various orientati erspe@EREsBs, ditd Wipieseid theowethal thicRheBkag, roll
..pressing and other processes. In any case, it is necessary to orient the
Uhoriented fil m wf hthe stesitrchLayetn.o @ ahdb argr dhecmeabiirefle stretch
~ratio is less than 2.5 the filmwll fail to exhibit satisfactorily good
polarizing 20° plopRpaiens arid fhe digeatden: perpendicydaratogthe

direction of orientation, of the film before and after

:&«; . orientation, respectively, and represent the actual
: | dimensions of an effectively oriented portion of the
film. L and % can be determined by imprinting a
10 . straight line perpendicular to the'direétion-of
orientation on the middle portion_éf'the.film and
lmeasuring its length before and after.orientatibn.
-In the present method, there may be empldyed
various orientation processes inclﬁding well-known
15 .StretChingferll pressing and othef processes.
| In any case, it is necessary to orient the unoriented
K,/_ - film with a stretch ratio of 2.5 or-greater.' If
o ‘the stretch: ratio is less than 2i5; the film will
fail to exhibit satisfactorilyZgood'polarizing
20 properties and will be unsuitable for use as a
- o polarizing film. Higher.stretch ratios aré'moré_
| desirable for pdlarizing'performance. 'However, if
the stretch ratio exceeds 10, poor workability
will usually result bécause of tﬁe occurrence of

25 = film breakage or the like during the stretching



polarizing film Higher stretch ratios are nore desirable for polarizing

".perforngncex However, if the stretch ratio exceeds 10, poor workability
will u ﬁaLJ‘ result because of the occurrence of 25 filmbreakage or the

. li ke dgR) he stretching - 16<_p&$cgss. Thus, the stretch ratio
‘shoul d\g rably range from3 to 10. °Tf the X value is less than 0.5, the._
filmw:’ not exhi bit good pol arizing properties even 5 t hough the . e

" stretch ratio is sufficiently high. A though no upper linmt is set to the X
~value, it is preferable to enploy an X value of 1.0 or less.so as not to

inmpair the flaphgessal. t MAuki,| theTherateRephtIBt YRG! proLeF@bEy
specifically 1 expl ai ned herei nbel ow. \Where an unoriented filmis

stretched in tkangendiromdidngb @Ok .| engt hwi se) direction by a roll .

stretching process, there may be enployed .a nulti-stage stretching process,
a long- interval stretchZffigtbeoBevalig hhi ¢asshthan| h5s the £ilmowed to
slip on a heated _roll or plate, a stretching process in which the filmis
“stretched wi t hWildnne¥ef*RabifggactcRpeARt i RIGPREAPREELI@St8WPRshed therein

and the Tige. WMt e important [g.t8 gariyeout; Lhe sieiching operation
Although no upper limit is set to the x_value; it is
preferab1e t§ emplcy.an x_valﬁe of 1.0 Or.iess.so o K:J
as not:to_impair the flatness of the film. . ' |
The present method will be more specifically
10 explained hereinbelow. Where an unoriented film is
stretched in the longitudinal (or lengthwise) |
direction by a roll stretching.process,'theié may
be employed a multi-stage stretching process, a long-
interval stretching process in which the film is
15 allowed to slip on a heated roll 6: plate, a
 stretching proééés in which the film is stretched
within an oven having a temperature gradient = N\
estab;ished.therein, and the like. Wha£ is important
- is to carry_out_the.st?etching'operatibn at a
20 temperature*which-perhits the film to be oriented
and in such a way as to avoid local stretchiﬁg-as much
as possible and allow free shrinkage of the film in
the transverse direction (i.e., the direction of the
width) . |

25 On the other hand, where an unoriented




20 tenperature which permts the filmto be oriented and in such a way as
to avoid |l ocal stretching as nuch as possible and allow free shrinkage of-

the filmin the transverse direction (i.e., the direction of the widt {mjgﬁ
On the ot her hand, where an unoriented -17- filmis transversely ( <=~

stretched by a clip tentering process,l?he stretching operation shou
pteferably be carried out in such a way as to allow free shrinkage of the
film for exanple, by a process in which the 5 spaci ng between adj acent
clips is gradually reduced as the_stretching_operation proceeds. Another
preferred stret & 1ﬁr5€é§§VF§S?6Yu§§r%ﬁ°%%6rg%n?eﬂl¥?I?ﬁ%ﬁﬁ?ﬁPQEE

previously been_fol ded in,the, di tion perpendicular.to the di.rection 10
i Cstrotching.  RREcREEnoTE! SEARERALBS! PPERRECH NGNS DAt AL W Th (he
. present inventi. WL s e;fu e I, N 24 I | | on
_ 3Ath-the f our s%%b??%%lgﬁbo %n%%t§#¥ﬁ5§p&§§ &8 &6 §+%the %:Egiia odl ment ,
~the filmis traggvensecky 1l r ebehedanblép by sal pretdskli fralwh £iptthd s bei ng

forcedly reduced-by 20% or nore. The term™shrinkage rate" as used herein
means the r8te spacing between adjacent clips is gradually reduced
b | ‘as the stretching operation proceeds.
| | Another preferred stretchipg'prqoeSS-is to
- use an unoriented film which has previously been
- folded in the direction perpendicular to the direction
10 of stretching. |
‘The method of making polariziﬁg films in
"~ accordance with the present invention. will be more
' fully explained hereinbelow in connection with the
four épecific embodiments.
15  ' _ ~~ In the first embddiﬁent, the film is
| transversely stretched while its longitudinalfiehgth
is being forcedly reduced by 20% or more. Thé'
term "shrinkage rate" as used herein means the féte
of change in the longitudinal dimension,.or length,
20 of the stretched film as compared with that'§f.the
_ unoriented film. When the unoriented film is
'imprinted’film with a longitudinally'extending mark
L - | ﬁaving a ' predetermined length (L) and the mark
length (&) of the stretched film is measured, the

25 shrinkage. rate is given by (L - £)/L x 100 (%).



of change in the | ongi t udi nal- di mension, or length, 20 of the stretched
onpared with that of the unorlented film When the unoriented

5 printed filmwth a |ongitudinally extending mark having a
_pr egét/e ned length (L) and the mark length ([err]) of the stretched film
tS s ed, the 25 shrlnkage rate~-i¥8grven by (L - [err])/L x 100 (%9. -~
. -18- f thIS shrinkage rate is | ess than 20% a polarizing filmhaving
~good pol ari zi ng performance cannot be obtained even though' the filmis
stretched with a stretch ratio of 2.5 or greater Preferably, the 5
shrinkage rate has a val ue approaching . (I-I/[err]) x 100 (% where Nis
the stretch ratis. thisi shpink agebt #te¢ ol $tlexschtlidre 20% i palirfiiding
transversely with a stretch ratio of 3.5 to 10. For exanpl e, where the
unoriented fil nfiimihavingrgerd nolarizing @exifermanaemannialy beachi ne, the
_gtretch ratio is glven by the ratio L/L. where L and L are the |lateral

- di stances bet weehtaiped@ven nthenglys e (Helm ks fie tehed I"r@-t&(lalt

t | S f f tret t
{rancver sely wiFEe ERE Rt bE oot (Hafies: nbAEEatbI%) (08 descri bed
hereinaboves  Foy exR0DL €ratd 44 £aé§1&£_ébé%ﬁ&&&ﬂﬁ¥$aﬂﬁﬂﬂﬁb'@9 eachlne

t hi's

100 (3) where N is the stretch ratio.
‘It is preferable to st:etch the unoriented
film transversely with a stéetch_ratio of 3.5 to 10.
For example, where the unoriented film is transversely
10 stretched on a tenteripg_machinegvthe'stretch ratio
is given by the ratio L,/L, where L, and L, are the
lateral distances between film-holding clips at the
. entrance and ﬁhe exit, respectively.
Some specific processes for stfetching the
15 film t:ansveréely'while'shrinking it longitudinally
' have.already 5een described hereinabove. For example,.
‘in the case of a continuous tentering machine, this
can be eccomplished-by'a process in which_the spacing
_befween-adjacent filmrhoiding clips ie.forcedly.and .
20 gradually reduced in the stretching zone, er;a_process
in which a conventional péntogiaph mechanism for use
.in simuitaneousfbiax;al.stretchipg is modified so
that the traveling speed of,fhe clips is gradually
reduced as they travel in the machine direction. In.

25 the case of a batch type transverse stretching machine,



can be acconplished by a process in which the spaci ng between adj acent
filmholding-clips is forcedly and 20 gradual |y reduced in the stretchin
zone, or a process in which a conventional pantograph mechanismfor use pfy.
si mul taneous bi axial stretching is nodifged so that the traveling speed (o
the clips is gradually reduced as they travel in the machine direction. 4%7
25. the case of a batch type transverse stretching machine, -19- the
fi¥m hol ding clips may be nmounted on screw shafts which are symmetrica

with respect to the axis of the machine. Thus, the filmcan. be shrunk in
the direction perghendidu-holddngheliipsemayobe chounted con ngexew eshabts t he

| ongi tudinal direction) by rotating the shafts while stretching the film

In any case, in sihdeh agepsymmatrigaldeithopatpechs taclRtaxiseh the
‘wrinkles, undulations and the like) in_the apﬁearanc of ng's Jetched film

‘and to avoid t he HagdPerenfhye 1he Eidmoganche FRFMYs 47 the (dygection
" preferable to shrink the fi.lmto e Rtedeterm ned | - te at a
..const ant speed'tﬁFﬁEﬁwgﬁfugﬁg-%Pr%pehﬁﬁﬁeﬁgf?ghgfl%égé%gﬁggicgﬁﬁfih this
"enbodi ent, apol grizi 20 | . ' I \/ r&ipAeed 5 types
of . pr ocesses.spThg{l/‘ﬁ %@%&hﬁggae%ﬁgggibgﬁw¥?E§g€?€c%%€ '?n whgi‘c'h,
Jipmediately aftegyHiQieNGtretching the film. In any case, in order to

TN

prevent the development of defécts (such_as'wrihkles,
5 — - | undulations and the like) in the appearance of
the stretched film and to avoid the impairment of
10 its optical uniférmity, it is preferable fo shrink
the film to the predetermined shrinkage rate at a
constant speed th;oughdut the stretching period.
In accordance with'this embodient, a
polarizing film can be'continuously made by various
15 types of processes. They include, for example,tanf
in-line process in which, immediately after being -
_formed; an unoriented film is fed to a tentering--.
machine as described above and transversely stretched -
~ thereon, and an off-line process in which an un- |
20 oriented filﬁ formed on a separate line is fed to a
tentering_machine_as_desciibed above and transverseljl
stfetched thereon.
In the second embodiment, as contrasted -
with the first-embodiment,the unoriented film is

25 previously contracted so as to reduce its apparent



formed, an unoriented filmis fed to a tentering nmachi ne as'dESCribed above

. ang-transversely stretched thereon, and an off-line process in which an un-

griented filmforned on a separate line is fed to a.tentering machine
;éﬁ%ribed above and transversely_géngtched t hereon. In the second

* emdodi/ment, as contrasted with the first enbodi ment, the unoriented filmis
25 previously contracted so as to reduce its apparent - -20- Iength-(o[}
- longitudinal dinension) to 80%or less of its actual length. [If the -

capparent length of the filmis not |ess than 80% of its actual length, a-

pol ari zi ng 111N N AideiiAfiAT Y 19 RBRY" b8l BBsS0r 1cBEOPEIT] €S

cannot be obt . apparent Tength ([err as used herein
nmeans the | engi, ;a5 AQUACHRNAR] Maas vhed appazeBitanength afCehe&ugat ed,

unoriented filmobtained froma flat filmhaving an actual length L. This
can be det er mficdh Hs Hdt legs ahabUBOR ioFpiitst aegukle 1&hathfi kmwith a
longitudinally extending mark having a predeterm ned |ength ' (L) and
measuri ng t he podrdeilzdimyg Hidim hlawings sattisfacdoridyt gdofli polarniaipyane
'scale. The ratio of the apparent length ([err]) to the actual length 15
(L) (hebei naf mopeditdmse ¢angafs bec ohrtadoeidon aei s=ym "apparent
length (&) " as-used herein méans thé.length, as
projected and measured on a plaﬁé;'bfﬂa ébrrﬁgafed,
'unorien'ted film cbtained from a flat film haﬁring an
actual length L. This can be determined by
10 - previously imprinting the flat £ilm with a
longitudinally extending mark having a predetermined
length (L) aﬂd measuring the mark length of fhe
resulting contracted f£ilm on a plane scale. The
ratio of the apparent length (2) to the actual lengtp
15 (L) (hereinafter referred to as "contraction ratio")
may be-suitably'chosen;within the above-described
range according to the stretch #atio. However, it is o’
preferable to use. an unoriented film which has been
contracted so as to give a contraction ratio.(llL)
20 ~almost equal to 1/ /A, pféctic&llY'in the réhge of
Y/ 25/1?1:0 I,l/.a.?/fl—,.'wheré N is the stretéh ’.r"a"t_ilo.. If
the contraction ratio is greater than 1/3'5/1\'1"; the
film will fail to exhibit good polarizing properties.
On the other hand, if the contraction ratio:is'less

25  than 1/°°/N, the flatness of the film will be impaired




may be suitably chosen within the-.above-described range according to th

stretch ratio.

has been contracted so as to give a contraction ratio ([err]/L) 20
to 1/ [err], practically’in the range of 1/ [err] to 1/

al-nost equal _
where Nis the stretch ratio. |f the Totraction ratio is greater than

However, it is preferable to use an unoriented film wh ¢h , ™

o

[exy], the filmwill fail to exhibit good polarizing properties. On the
if the contraction ratio i's | ess 25 than 1/ [err] the

flatness of the fihg whd! i | r'&tha to racdkbd hedd iR wWld tend to

crack or tear in the direction. of stretching. Tn order to reduce the :
.apparent |ength ofjidecribwréendeskiddindor exanple,. the unoriented 5 film
may be passed between nmating corrugated rolls at its heat distortion
tenperature or above to shape éder itdnretivted HiRY elpperen® Mendthelofat i vel'y,
where the unoriented filmis stretched on a tenter type transverse

st ret chi ng machi nthe cmesiewosd filmpfd0 exagplieni thes mnfcaientade corrugat ed
nay be used to fold the film while holding it.. Alternatively, in forming
an unorientedfil| &b My tb%maw%&eW%Et%%|qomwgir@%r um

ot her

havi ng a corrugate

film

A~

hand,

10

15

20

25

d ‘surface be used to give a wavelike formto the
at fts heat rr(c'i:)i‘}lstortuion tempgerature or abowve to .

shape the film into a wawvelike form. Alternatively,
where the unoriented film. is stretchéd -on ‘a tenter |
type transverse stretching inachine,:c].i.p_s whose film-
gripping surfaces aré_co_:rugatéd may be used to fold
the f'iln;"while holding it. Alternatively, in form:i.ng '
an unorientéd £ilm by melt exﬁrﬁsion, a casting roll |
(or cooling drum) having a. corrugated surface may
be used to glve a wavelike form to the film.

In this ‘case, no part:i..cular. restrictions
aze imposed on the form of Itl'_xe cont:_;écted £ilm.
However, sﬁxoothly curved wévelike forms Iare preferred
in view of the flatness and tmifqm quality of the
stretched film._ The pitch and depth of such a.
wavelike form may be s’uitébly chb_sen accérdin_g_to the
required constraction ratio; ‘the éonditiéns. of the
_succeeding stre.téhing érocesé',. and fhe like. |

Also.in th:Ls embodiment‘-, the transife_rs_e
strétch iétio is préferably in the range of 3.5 :

to 10. If the apparent length is sufficiently short




- actual length,

15 In this case, no particular restrictions are inposed on the .
-fornlof the contracted film However, snmoothly curved wavel i ke forns are
pr'feﬂred in view of the flatness and uniformaquality of the stretched

The pitch and depth of such a 2? wavel i ke form may be suitably
ccording to the required cons Pacti on ratio, the conditions of the-

. suc ding stretching process, and the like. Also in this enbodinment, the &f
“transverse stretch ratio is preferably in the range of 3.5 25 to 10. If
‘the apparent length is sufficiently short. -22- as conpared with its

Lt coapdeaia aRkR §RsCHPEAY123ehEER, 23 Bt {81 ABs{ Ahb Pe aS

~ possible. In tﬁé thitd embodi ment, the unoriented filmis longitudinally
oriented by a kel bmpllbgt aBi Righ a spkeeeRsSraBivhashpassbiebhaving a curved

outer periphery as viewed in a section including the axis of the roll is
used as the | ower-speed Inl khef thhedsembodiment; othepanoriéntéédr fbly, the
curved roll used in this 10 . enbodiment has a sectional shape defining a |

‘smoothly cur vedssdengésudinghdvnoriertgd by angokl steetehimgl e, when the

-unoriented filmis passed over a roll having the sectional shape shown in
Fig. |, t Be .pProcess in which a roll having a curved outer :

periphery as vieWed in a section including the axis.of -
the roll is used as the lower-speed roll of the - ;;j.
stretchlng roll pair. ' | :
Preferably, the curved_roll used in this_
10 embodiment has a sectiocnal shape definihg a,smoothly
curved surface as.shdwn in'Figs. 1l and 2. .FOr
example, when the unoriented £ilm is.passed over a
roll having the.sectional shape ahown in Fig;-l, the
unoriented film is curved alohg the roll surface and
15 its apparent width (£) becomes shorter than the
original w1dth (L) of the film (see Flg. 3).
Immediately after that, the film is stretched and
then withdrawn by means of take-off rolls. Thus,
there is obtalned a un1ax1a11y orlented fllm whose.
20 width approxzmates to 2. : - |
" The values of L and % can be determlned by
reference to a transversally extendlng mark of
predetermlned length 1mpr1nted in about the mlddle of
the film. -Then,'the ratio (L.- L) /L is defined

25  as the degree of curvature of the curved roll.




unoriented filmis curved along the roll surface and 15 Its apparent
width ([err]) becomes shorter than the original width (L) of the fil '
Fig. 3). Imediately after that, the filmis stretched and then with
by nmeans of take-off rolls.:Thus, there2i3s-obtained a uniaxially or
fi’l mwhose 20 wi dth approximates to [err]. The values of L and [e
be- determ ned by reference to a transversally extendi ng mark of
prdet ernmined length inprinted in about the nmiddle of the film Then, the
ratio-(L - [err])/L is defined 25 as the degree of curvature of the
curved roll. -2Bch Mg QiiRe @ Al s" BlahvinBani GHebi 88gFed80bges Of
curvature are nore preferred, the degree of curvature Should ideally
satisfy the foll cungtwleatarenniore pre®erkpdl, théldedtéer 6F) chrvaturdere N
‘is the desired stretch ratio. The-curved roll may conprise a core roll =~
whi ch is usual |l y shaisldfideaddly satisdy sheufbddowphgt zelatibna netal (such
as nickel, chrome or the like) or_coated with_a syntLhetic resin, rubber or
the 10 like. It is usually pletefdbife=t Ndt—L¥éNkurface is heated at a
femperatur g equal, Lo o ol a2 A1 eMRERALULE 2 Vi ch the film can

Ca -~ The curved roll may comprise a core roll

o which ié:usually made of steel and has a surface
o plated with a metal (such aS-nickei, chrome or the
like) or coated with a synthetic.resin, rubber or the
10 like. It is usually preferable that its surface is
heated at a temperature equal to or higher than the
temperature at which the £ilm can be oriented.
‘The -heating method which can be used is to pass a heat
transfer medium through the cavity of the roll or
15 to-heat,the roll externally, for example, by infrared
radiatibh'or'the like. '

In this embodiment, it is preferable to
employ'a:multi-stage'stretching process using a
plurality of stretching.roll sets each of which

20 comprises a curved roll as described above and a
high-Spéed take-off roll. Especially whérelé high
stretch'ratio is required or a broad unoriented

. _ ' film is used, a one-stage Stretching process may be

disadvantageoqs because the degiee of curvature of the

25 -aforesaid curved roll cannot be increased so as to |



_.The heating met hod whi ch can bé used is to pass a heat transfer nedi um

t hrough the cavity of the roll or 15 to heat the roll externally, for
exaimple, by infrared radiation or the like. In this enbodinment, it is
pre ble to enploy a nulti-stage strgiching process using a plurality of
St K ing roll sets each of which 20 conprises a curved roll as

. descri bed above and a hi gh-speed take-off roll. Especially where a high -
stretch ratio is required or a broad unoriented filmis used, a one-stage-&é

stretching process may be di sadvant ageous because the degree of curvature

- of the 25 - aPBPESAFE (lrvel/ Bl CBhemi M iscaduswmbly tas amploy - 24 -

approach (1 -'I/[eri%%J Then, it is -advisable to enploy a nulti-stage

stretching proc®s®th~$hige cStEetehng REPGARE at 0 dllpigagey |themy

 Final st compriBEeEReaEkp] P 0f Aofid A Fowidas’ SR iRt Brocess
2 Anunori ent RTPTTER" Py CORE L ART04E P | S W el ot
pinch 10 sol | findBssee GuMsridaipndehesiidg.rolls 4 and 4', and then
stretched by nmeans of high-speed take-off" o - : |
An exemplary one-stage stretching process -
- in,acéordan¢e¢ﬁith the this embodiment is deécribedf
with reference to Fié. 4. An unoriented film.z i#
. féd throggh'feed rolls 3'comprisingla pair of'pinch
10 ”rolls, passed over plain preheating ﬁolls 4 and 4°',
and then stretchéd by means of high-speed take-off
- rolls 5 via a curved roll 1 to form an oriented
film 2°. Thereafter, if desired, the film may be
heat-treated to improve its dimensional stabiiity to
15 heat.
.In'ﬁﬁs process, the stretch ratio;is given
_by.thé ratio (Vé/Vb) of the surface speed (Vé) of the g
take—off rolls 5-to-the surface speed (Vb) of the feed
rolls 3.. Although the stretch.ratio_may-be prcperly
20 'chosen according to the type of base resin uéed,
orientation temperature, and the like, it is
'preferable_tc emplcy'a stretch ratio of 3 or greater.
More preferably, a stretch ratio of 4 to 10 is | -
employgd. In multi—stage—stretching proceéses,,the

25 overall stretch ratio is given by the product of the



rolls 5 via a curved roll 1 to forman oriented film?2'. Thereafterg=if

desired, the filmmay be heat-treated to inprove .its dinensional st Jlﬁty_
to 15 heat. In this process, the stretch ratio is given by the rati
([err]) of the surface speed [err] of-t2fe +take-off rolls 5 to the s ace

speed ([err]) of the feed rolls 3. Although the stretch ratio may be

properly 20 chosen according to the type of base resin used, orientation
terperature, and the like, it is preferable to enploy a stretch ratio of 3
or greater. More preferably, a stretch ratio of 4.to 10 is enployed In
mul ti-stage stresehkBgh PEREESSESE tHhe Adspeddifidldtageisat ch ratio is given

"by the product of the -25 stretch ratios of the respective stages. In
the fourth enbodi nent, theImrmhee&bmxtH|dmhodinkmng|ﬁmmh|mmdryeumednted by a
roll stretching process in which at |east one forcedly driven roll 5 S

di sposed betweenfilm iswlepgitudigiablymrientad dy aspedd sére¢chingthe film
‘is allowed to slip on the surface of the roll while being kept at |ts
urientation ter‘rpEF‘a‘F%ﬁ% b Wbk aynaast oRe afrqrﬁeﬁg}yf 'dlrﬁh"le§ FRde b

orienting 19 a0 WGLEIN S Bl T 1 ede Y110 PS50 e

. | speed rolls and the film is allowed to Sllp on-. the

o surface of the roll while belng kept at its orlentatlon

- temperature or above.

Where a polarizing filmﬁis made by orienting

10 an unoriented film by a roll stretching process, the

'_orientation.properties of the baee polymer cen be

~improved by employing the so-called longQinterval
process in which the film is stretched over a long
roll-to-roll distance. On ﬁhe basis of this long-

15 interval stretching procees, Japanese Petent Laid—Open
No. 40874/'79 discloses a method of makihg:polarizing
films from a polyﬁinyl alcohol or dehydrochlorinéted
polyv1ny1 (polyene) resin.. | '

However, 1f a crystalllne thermoplastlc
20 resin film is oriented by this long-interval
| stretching proeess, the effects fhereof'ﬁill net
- produced because of the se-called *necking“'phenomenon

. " in which a point of stretch appears in the ﬁicinity

of the low—épéed’fdlle- it seems‘that the leng.

25 interval stretChing'prbcess may be successfully



making polarizing films froma pol yvinyl

al cohol

ro o-roll distance. On the basis of this Iong 15 i nt erval
ss, Japanese Patent Lai d- Open -N@g 40874/' 79 di scl oses a net hod of
or dehydrochl ori nat ed
polyvinyl (polyene) resin. However, if a crystalline thernoplastic 20"

resin filmis oriented by this Iong i nterval stretching process,

ef fect s ther eofcailio 00, PgAuGe Ro0ARP Ao IS IR Ao 156K

phenomenon in ﬁ% a polnt.

e V|C|n|ty of

it ati on properties of the base polyner can be inproved by enploying t he -
| ed l'ong-interval process in which the filmis stretched over ‘a | ong

stretching

the

ng"
t he

| ow speed rol | roaérﬁﬁ,ertfsﬂdbatlﬂd&lldw aezz‘ices Ilttt héakqtlibhienlt,Ng process
may be successfully . 26 - carried out by controllingthe heatlng :

condi tions propmd yehelSlike J NERMetT ,dav isdiemiifi caf® 190 Wonde ki s taneet he

| i ke. - However,.a significantly:long distance between rolls wll

required espembﬁﬂvgee‘mrrqlﬁks will per maaeno:fedselsp'echladg.yafbroar.ﬂef iIlmwth a

be

high stretch ratio.  This tends not only to increase the size of the
equi prent Sand RIEROSEH O & Gdiredichingd @cbroad Fddwawdsht @ bigbestkaeitehi on in

quality. In: thls enbodi nent, at_1east one forcgedly
atio. This tends not only to increase the size of

the equipment-and raise the cost of production, but

also to cause variation in quality.

In this embodiment, at 1east one forcedly

10 "driven roll is disposed between the 1ow-speed rolls,

on the film-feeding 51de, and the high-speed rolls.

If the roll disposed between the low—speed rolls and

the high-speed rolls is not forcedly driven but

allowed to turn freely, the £film may fail to sl:Lp

15 uniformly. Oon- the other hand, if the roll is fixed,

the film may fail to slip stably, for example, due

to variation inthe frictional force of the roll

surface. 'Preferably, the roll is forcedly driven so

as to turn J.n the ‘same dJ.rect:Lon as the film trawvels.

20 ._' The surface roughness & S

'driven roll depends on the type of base re51n used.

) of the forcedly

However, in order to achieve uniform slippage of the

film and prevent adhe51on or scratching of the film

" the surface roughness should de51rab1y be 5 um or less,

25 the preferred range being from about 0 1 to 2 um.

term "surface roughness (H

) as used herein means

The



10 ~ driven roll is disposed between the |ow speed rolls, on the
fi.l mfeeding side, and the high-speed rolls. If the roll disposed
the 1ow speed rolls and the high-speed rolls is not forcedly drive o
allowed to turn freely, the filmmy faj4 to slip 15 uniformy. On-the
other hand, if the roll is.fiixed, the filmmay fail to slip stably,- for
exanpl e, due to variation inthe frictional force of the roll surface.
Preferably, the roll is forcedly driven so as to turn in the same direction
as the.filmtravels. 20 ' The surface roughness (H ) of the

forcedly max driyre makimdfpeeiighdnof heutfise dfrimpaartiesisad. However,
i n order to achieve uniformslippage of the filmand prevent adhesion or
scrat chi ng of thweashnedtbye the frethoduwfinBeE BNl desirably be.5 pm or
‘less, 25 ~ the preferred range being fromabout 0.1 to 2 [err]. The term
"surface roughness ([err])Itsigsesunbleidesisaisle thaty thehs g®um hei ght

of surface irregularjities_as, neasured by .the métedd of JISPB-Q60Q01. 1t is
dsual | y desirabl gt ﬁ}&? Fﬂ%ls%ﬁf%%%t%? "f’%g‘ r%llﬁ‘e?%' [ﬂ%t@f%‘fﬁ"% al or
coated with g 5 Lesif, LUOBEL, SSIAMSS Sf IS ddde 't 1s also desirable.
o ' ‘It is also desirable that the surface |
; - temperature of the roll is equal tb or higher than the
-\E/ ' ~ temperature at which ‘the base resin film can be
oriented. If it is lower than that temperature, the
10 | film will not be oriented on the roll and will |
fail to provide a satisfactory polarizing film.
The commonly used heating method is to
pass a heat transfer medium, such as ..water, oil or
the like, through the cavity of the roll. 1In
. 15 .com_bina_tion with that, there may be used auxiliary
- methods for heating the film, which include preheating
N/ with an ordinary heated roll or hot air, infrared
heating, and the like. |
| No particular restrictions are imposed on
20 lthe su:_:f_.ace temperature of the aforesaid roll, provided
that _'i_t. is equal to or higher than the temperature at
which the film can be oriented. However, in order to
“ | prevent" sticking of the fiim or improve the orientation
| propertj.es of the film, it is preferable to use a

25 temperature close to the lowest temperature at which




tenperature of the roll is equal to or higher than the tenperature at which
-~ .the base resin filmcan be oriented. If it is lower than that tenperature,
- T'R&\10 filmwll not be oriented on the roll and will fail to provide a

. factory polarizing film The comonly used heating nethod is to pass a

- transfer medium such as water” &8 “or the |ike, t hrough the cavity of-
the roll. In 15 conbination with that, there may be used auxiliary L4
met hods for heating the film which include preheating with an ordinary - --
- heated roll or hot air, infrared heating, and the like. No particular.

‘restrictions arg J N 120 ~ri ur f a: r e af oresai d

roll, provided %ﬁﬁﬁﬁﬁggaégéaPrgghgsﬁﬁig%gft%ﬁgﬁgtﬂéy%eﬁ%g?%?8¥e at- whi ch
the filmcan bg,QrieantRA1s HIeEBea itd andew tRePEEYANtoSsLEKi Ng Of the
filmor inprove the orientation properties of the film it is preferable to
‘use a 25 tentediewns dheie ttempleealtawest sheuapdr desieablywbéch -28- the
filmcan be oriented. |If two or nore forcedly driven rolls are used to
al l ow t he fil mchoseni sa lkbadotheyhbecomenhdgheur 88 theufiluetrawely. be

chosen so that they becone higher as the filmtravels. 5 L In an
exenpl ary process in accdid@fcexgpiplary process in accordance with

this embodiment, a polarizing £ilm can be made by

 feeding an unoriented film through low-speed feed  -§)
rolls comprising a pair of pinch rolls, prehéatipg |
it, bringing it into contact with a forced1y5driven
10 roll as described above over as loﬁg a distance as
pbssible,'stretchipg it with a predetermined stretch
ratio by means of high-speed stretching rolls,'and
then heat—setting the stretch film, if desired. In
this case, the stretch ratio may vary accdrding:to
15 the resin composition or oriéntation tenlperaturé of
the unoriented film and the temperature of the
forcedly driven roll, through it.usually ranges'from
3 to 10. It is desirable to stretch the unoriented
film with a high stretch ratio ét as low a temperature
20 as péssible. ThéVstretch ratio is given by the ratio
of the_surface speed-(vs) of the high-épeed.rolls to
the surface speed (Vp)_ ‘of the ld'w—spe'ecli. rolls on the free .
side. - ' ' B
No particular restriction is impoéed'on_the-

25 surface speed (V]':_) of the roll disposed between the




this enbodi ment, a polarizing filmcan be made by feedlng an unorlented
fikm.through- Iomfspeed feed rolls conprising a pair of pinch rolls, -
preheating it, bringing it into contact with a forcedly driven 10
descri bed above over as long a dlstance‘%1 fS. possi ble, stretching it
predeternined stretch rati o by means of Hi gh-speed stretching rolls,
then heat-setting the stretch film if desired. In this case, the stretch
ratfo may vary according to 15 the resin conposition or orientation
tenperature of the unoriented filmand the tenperature of the forcedly

drivenroll, th f 3 { desirable t
Streten the' unort 18Kz #?é?”%}%”#%”cﬂe%w &%a?%%oreee asHOBRVET:
t t 20 t t f
the surface speedtl[Sray 4F aqhitted B fdal Mspoast, K89 B decPeeq °
[err] of the Iow Sﬁi@ﬁ@réﬂ Sdﬁr\rérh%cf rﬁet%%rnN%tO%r%b@élda%aﬁ:?§%iﬁb' on is

i mposed on the 2 surface speed [err] of the roll" disposed between~the

--29 - | owspeed tind | SoEswine durgli-tiRera rol |'s. However, in.order to
achi eve uniformslippage, the roll is preferably driven so as to turn at a

speed satisfysng the foll ovm ng C(.Vbdlq M}rfsv

| The film is preferably_brought_into contact
g/'.' with the roll over as_lo#g a distance as possible,
' '. because this maximizes the slip area of the film
and thereby enhances the effects of the present
10 invention. The overall slip length can be increased,
for example, by enlarging the external diameter of the
roll and bringing the film into contact therewith
over a distance approachihg.its entire circumference,
or by providing two or more slip rolls and allowing
15 the film to Sllp in a plurallty of stages.
The present invention is furtherllllustrated
&2 . by the following examples.' |
.In these examples, physical ﬁrqperties were
' evaluated according to the following procedures. |
20 (1) thlcal properties (11ght transmlttance
. : | - - and degree of. polarlzatlon) '
| U31ng an automatlc recordlng spectrophoto-
® _ : meter (Hitachi Model uv-200 Double Belam Spectrophoto-
meter), the light transmittance .(T_ ) of a polarizing

25 film was measured. Then, light transmittance at the



.5 [err] The filmis preferably brought into contact with-
ol | -over as long a distance as possible, because this maxi m zes the
i rea of the filmand thereby enhances the effects of the present 10

o tion. The overall slip length €a®0 be i ncreased, for exanple, by

“entarging the external dianmeter of the roll and bringing the filminto
contact therewith over a distance approaching its entire circunference, ;
- by providing two or nore slip rolls - and allow ng 15 the filmto slip |n ¥_

ol urality of stagesmudgPsaSeltn 'vF‘an‘i‘é‘iéfE&\:H SO NSad dladalled DY the

follow ng exanples. In-these exanples, phy alqu operties were eval uat ed
according to theot otk&VhIEcdd Q&Edéﬁé%oﬁa)rlzl(r{]g £film stddtdLaln RipRerties
(light transmttance and. degree of polarization) Using an autonatlc

recordi ng specta opipt thatretiesif Hiirodtiddsladf DEi 98 we3eam

Spectrophoto- neter), the light transmttance ([err]) of a polarizing 25
filmwas neasurggra Mntcleiﬂh athers niT/Ancx dthetie direc3G-ongaxafirum

~absor pti on mavelength ([err]) was neasured for two pieces of the polar|2|ng .
filmstack®ed i rPEiRItALLRY Were nammendiiqwlay dies egichocitberat(an .wer e

Thereafter, the degree of polarization (V) of thJ.s

polar:.z:.ng film was calculated accord:.ng to the

follow1ng equat:l.on. o ' S ' o/
| | T/ =Tl |
vV = — X 100 (%)
T// + Tl
10 (2) Dimensional stability (thermal shirnkage
rate)

.A sample having a length of 10 cm in the
-dlrectlon of orientation (and a width of 1 cm) was
cut out and put into water b0111ng at atmospherlc
l5 pressure. . After 30 mlnutes, its dimension was
meastred and the degree of_shrinkage was determined
in termsfef.percentage.
(3) . Flatness_
| A polar121ng fllm was placed on a glass
20 | lplate hav1ng a smooth surface. The“contact.between
| the fllm and_the.glass plate was exaﬁined by visual
. inspection and rated-ch_the following basis:- S -

C i (good) >0 > A > X (poor)



parallel to each other (T//) or their directions of 5 orientation were
per pendi cul @r to each other ([err]). Thereafter, the degree of pogl.ari
(V) of this polarizing filmwas cal cul ated according to the foll
equation. [err] 10 (2) - D mensi |_stability (thermal
rate) A sanple having a |l ength of 10 cmi'n the direction of ori
(apd-a width of 1 cnm) . was cut out and put into water boiling at atnospheric
15 pressure. After 30 mnutes, its dinmension was neasured and the
degree of shrinkage was deternlned in terns of percentage. (3) .

Flatness A polarigang fil mpesxiigosssiztang ass 20 pl ate having a
snoot h surface. The contact between the filmand the glass plate was

exam ned by vi sUaI i nspect immzzanim axf polar disld ddilmg hisadng. af err]

(good) > o > A > X (poor) (4) Fl exi ng resistance A specinen
-of pol arizing fillenaR mef alq %tﬂﬁ%ﬁ%‘%rﬁh&ﬁﬁt o HPsgFed 2LgPa¥R rod of

5 mmdi aneter in e dlrec i on endi cular to j.ts
. ' éf ter t Fgaéécéion perpen icular to its

. 5 - orientation axis. The number of occurrences of
cracking or. tearing was couﬁted.
" Example 1 |
_ | One kilogram of pellets of a polyefhyieﬁe
terephthalate resin (with an intrinsic viseosity of
10 0.67) was intimately blended with 2 g of an
anthraquinone-derived photodichroic disperse dye
(Miketon Polyester Blue TGSF; manufactured by Mitsui
Toatsu Chemicals Inc.) having a maximum absorption
wavelength-(lﬁa#) of 640 nm. 'Using.an extruder of
15 40 mm diameter, the resulting blend was extruded at
280°C to form unoriented films (300 mm wide) varylng
\./ . in thickness.
A film (90 pm thick) so formed was cut into
a piece of 20 mm width and 50 mm length. Using a
20 Tensilon tensile tester (manufactured by  Toyo-Baldwin
e : Co.), this piece was lbngitudinally stretched at 77°C
o with a stretch ratio of 3.7 and then heat-set with an
infrared lamp. From the reeulting strefehed £ilm,
a portion (ahout So-ﬁm thick) located substantially

25 in the center thereof was taken as a polarizing film.




Usi ng an extruder of 15

5 orientation axis. = The nunber of occurrences of cracking or tearing
oynted. Exanple 1 One kilogram of pellets of a pal yethyl ene

alate resin (with an intrinsic viscosity of 10 0.67) was

ely blended with 2 g of an anLQ%gqyinone-derived phot odi chroi c

Bl ue F, manufactured by Mtsui Toatsu

mCals Inc.) having a nmaxi num absorption wavel ength [err] of 640 nm
40 mm di aneter, the resulting blend was extruded. .
at 280C to formunoriented filnms (300 mm w de) varying in thickness. A film

(90 pmthick) stsfoabadswaf £uandnfoxaR paredeitd @GPtivalvpitdparidie® mm

| engt h.

Using a 20

of 3.7 and then heat-set with an infrared lanp. Fromthe resulting
stretched filnfaBl@otti on (about 50 pmthick) |ocated substantially 25

t hereof was taken as a polarizing film - 32 - Its values «
ﬁgﬁﬁﬂaiis—optical properties at the maxi num absorpti.on '

In the center
of f and f x
mavelengtg are shown in Jable 1

| O S RIS

10

15

20 .

25

sing a

‘longitudinal roll stretching machine,

an unoriented film (110 ym thick) obtained in Example

.1 was stretched at a roll surface temperature of 75°C -

.with a stretch ratio of 4.5 and then heat-set with |

a héated,rolls at

180°C. The resulting stretched

film was abput 200 mm wide and about 50 um thick.

From this stretched film, a portion located 30 'mm

inside of one lateral end was taken as a polarizing

film. Its values
properties at the

as shown in Table

- Example 3

Using a

~long) obtained.in

temperature of 75

" of £ and £ x R and its optical

maximum absorption wavelength were

1.

tenter type transverse stretching

' machine, an unoriented film (110 um thick and 1 m-

Example 1 was stretched at an oven

°C with a stretch ratio of 5.0 and

then heat-set at 180°C for one minute. From the

- resulting stretched film (about 50 um thick), a

| portion located 50 mm behind-of the front bowed

~edge and in the middle of the film was taken as a

polarizing film.

Its values of £ and £ x R and its

-Tensilcn-tensile tester (nmanufactured by Toyo-Bal dwin-
Co.), this pi eat the maxinumdabadimytion eravelengtly 7Z3e\ishown sinetch ratio -

4




Exanple 2 5 Using a longitudinal roll stretching machi ne, an
unorlented fil m (110 [err] thick) obtained in Exanple 1 was stretched at a
roll "surface tenperature of [err] with a stretch ratio of 4.5 and the ™
heat-set with a heated rolls at [err]. gge resul ting stretched 10
was about 200 mm wi de and about 50 [errJ~thick. Fromthis stretched
portion located 30 mminside of one |ateral end was taken as a pol aN
fidMh Its values of f and.f x R and its optical properties at the WBX|num
absorptlon wavel ength were 15 as shown in Table 1. Exanple 3 Using a .
“tenter type trangpeigalspiepetigsnaththe, mawivanrasedasicion m (110 [err]
thick and 1 mlong) obtained.in Exanple 1 was stretched at an oven 20
~tenperature of 7%@@elength weretas shtwn b Baldlend. t hen heat-set at [err]
for one nminute. Fromthe resultlng stretched film (about 50 [err] thick), a
portion | ocated SomprrbthvedExample 1ront bowed edge and in the niddle of
the filmwas taken as a 25 polarizing film_  _Its values of f and f x R

‘and its. -33 - optical pFEBErFV%ss%Ee ¢hedeki b ehtained iigh B¥amR gt h

were as shomg 'nZTablgo%tlon located in about the middle of the film

- ' : was-taken as a polarizing film. Its values of £ and
-f xR and 1ts optical propertles at the maximum
e _ | absorpt;on wavelength were as shown in Table 1.

Comparative Example 2 -

10 - From the stretched film obtained in Examp le
3, a portion located 40 cm behind the front edge'
and in the middle of the film (i.e., located
substantially in the center of the film) was taken
‘as. a polarlzlng film. Its falues of £ and £ X R

15 .and its optical properties at the max1mum absorptlon

wavelength were as shown in Table 1.



Conparative Exanple 1 Fromthe stretched filmobtained in Exanple 5 2, a-
r\pn | ocated in about the mddle of the filmwas taken as a pol ari zing
Its values of f and f x R and its optical properties at the maxi num

a‘\@r tion wavel ength were as shown in Table 1. Conparative Exanple 2 10

T Fr the stretched filmobtained in Exanple 3, a portion |ocated 40 cm

PE

behind the front edge and in the mddl'e of the film(i.e., |ocated
~substantially in the center of the film was taken as a polarizing film
- Its values of f and f x R 15 and its optical properties at -the rmaxi mum

R

- absorption wavel ength were as_shoggjln Table 1. -34- Table .1 Orienting
X-ray diffrac- Opti cal condi t & tion charac- properties (%
teristics Tenpera- Stretch . -~ Trans-  Degree ture ratio

f f x R mttance of (0Q) pol ari -

~zation Efanple I |77opignting O . [k-fay alftrac-| opbical 0L 2| 75
4.5 0{90 45 conditions O° |[tion charac- [properties(s) :
' . -{teristics
Tempera- |Stretch| | ' Trané- Degree
ture ratio £ f:x R mittance| of
(°c) _ ' polari-
............ SN SRR SR N zation
Example 1| 77 355 lors| 15 | 3¢ | =
» 2| 75 4.5 0.90| 45 33 . 85
" 3 75_ 5.0 0.91 53 34 88
Comparative BE ' e
Example 1. 75 o 4.5 0.65 20 - . 38 65
" 2 75 | 5.0 | o0.76] 8 3g 58
Examples 4 to 9 | |
' Pellets of a polyethylene-terephthalafe

resin'(with an intrinstic viscosity of 0.71) were
intimately blended with an anthraquinone-de;ived
disperse:dye (Miketon Polyester "Blue M-34";
manufactured by Mitsui Toatsu Chemicals, inc.), The
amount of the dye was adjusted so that the final
polarizing £film wduld have a single-layer light
transmittance (T.)) of approximately 40%. Using a
single—écrew extruder (65 mm in diameter) fitted with

~

a T-die (800 mm in width), the resulting blend was



3 75 50 0.91 53 34 88 Conparative 75 o
4.5 0.65 20 38 65 Exanple 1 2 75 5.0 0.7¢H
8 ' 38 58 Exanp les 4 to 9 Pellets of a polyethylene .

terephthalate resin (with an intrinstic 94 scosity of 0.71) were intimately
bl ended wi th an ant hraqui none-derived di sperse dye (M keton Pol yester "Bl ue
M34"; manufactured by Mtsui Toatsu Chemicals,.Inc.)). The anmpunt .of the
dye was adjusted so that the final polarizing f|In1mouId have a
single-layer light transmittance (T ) of approximately 40% Using a O

- singl e-screw ext rmsikbt ¢5trudad ratdi2f0fCar ) Thet ttallewofif spéedi ¥a§800 nm i n
‘wdth), the resulting blend was - 35 - nelt extruded at [err]. The
take-of f speed weddie§ted &b &8 4w G ve W avexegeagbickneracof @5 WB.[err].

150 pmor 300 [err] in the mddle of the film The filnmgs so forned were
slit to obtain un ‘?emeQFf:?qorréJ%&\ﬂ tes middle,of fher £538- nmThe fE4B8 A t he

-m ddl e of each fl#ni a nark h . a@kﬁ' %2 of iggtggjggimsnggbgted in the

transverse directtd
5  a width of 500 mm. :

Lt _ In about- the mlddle of each film, a mank
_having a-length_of 100 mm was imprinted in the
transverse direction (i.e., the direction of the
width) . Thereafter, the film was introduced:
10  between lead-in nip rolls consisting of a rubber
roll and a metal rbll, passed over three preheating
rolls heated at 65°C,. 69°C and 74°C, respectively,
in that order, and then stretched longitudinally
by means of a pair of stretching nip rolls with the
15. stretch ratio;giﬁen in_Table 2. It was confirmed
that, in this process,'the'film-was-stretched while
(i slipping on the surfaces of the.three:preheating
rolls and shrinking in the transverse direction (i.e.,
the direction 6f the width). Thereafter, the film
20 having passed through'the stretching rolls was
heat-set by contact with-an'annealing roll heated
at 180°C (for several seconds) to obtain a polarizing
: £ilm. | |
| The thickness and mark length of each of

25 the resulting polarizing films és.well as its optical



th). Thereafter, the filmwas introduced 10 between lead-in nip rolls
i sting of a rubber roll and a netal roll, passed over three preheating
s heated at [err] and [err], respectively, in that order, and then
. etched longitudinally by neans of g pair of stretching nip rolls with
“the 15 stretch ratio given in Table 2. It was confirmed that, in this
- process, the filmwas stretched while slipping on the surfaces of the thregx
preheating rolls and shrinking in the transverse direction (i.e., the
‘direction of the width). Thereafter, the film20 - having passed through
the str.etchi ngpropesties - twlatxmet dJl;/ Ethtradt and Wiaensimoeall ng rol | heat ed
at 1800C (for several seconds) b obtain a polarizing film The thickness
and mar k| engtsitalhi betsh ©b 1Eat waie measinedg [heaesiulgsf ithws as wel | as
its optical -36- properties (at [err] of 640 nn) and di nensional
‘stability to Hekained e sthem imd 14-s thus obtai ned are.shown in
Tabl e 2. Cbnparatyve_Exaane 3_,nd,4_5, ) _ An unoriented film
obtained in AL fbaye thickness of 150 [err] was

st r et ched 5 nt e sarre ”%p%@ﬁéﬁl:e%( o%ta%.)ﬁ%%as.n Example 6

and.having an average thlckness-of 150 um was

stretched in the same manner as in Examplef6}~e#cept'
. that the third preheating roll rotatipg.atfthe same

surface speed as the lead-in nip rolls was provided

100 with a pinch roll made of rubber and the unoriented
film was kept in close contract with the third
;preheating-roll.' Thﬁs, there were obtained
polarizing films. The-fhickness-and mark length of
each polarizing film as well as its phésical

15 properties;were-measﬁred. The resﬁlts-thus.dbtained-

are shwon in Table 2.

£




that the third preheating roll rotating at the same surface speed as the<">
lead-in nip rolls was provided 10 with a pinch roll nade 'of rubber oy
the unoriented filmwas kept in close contract with the third preheati
roll. Thus, there were obtained polarizing filnms. The thickness and mark

I ength of each polarizing filmas wel4 s-ts physical 15 properties were

measu"red The results thus obtained are shwon in Table 2. 27 Table 2.
Table o

Stret ched film Unoriented film : tretch
Thick-  Mark tatro__Thrck<._Nhrk.;..[err].ness....!ength ......
ness |e +h 1n\ /!_) (d) [e,;_r_]_[_err] (rrr’
Terr] [err] Exanple 4 ' . 190 $tetched/ fi1lm|68
0.92 Exanplle 5 75““%%dfﬂm4amwm1-.m'.Qsewmme
.6 S 150 100 = [ thidk~> Mark86 t hq Eﬁ%' el7 ayr, :
100 oo 4.5 | ness 75| iengtrbl (?té‘% Hyaig e Jengtn |F%E
.100 4.0 168 59 0.95 Etanple 9 ( 30 (z) |1
‘5,0 138} 48 0]o6onpgrafive - 150-- - | Hool . 3. 5
44 9 03 m (mm) ._ um) | (am)
: Example 4 .| 75.. | 100.. |..3.0. .] 47. | 68 |o.92
‘Example 5 ;75 - |.100 .| .4.0 | 41 | s57. lo.96
U Example 6 [150 | 100 | 3.5 86 | 58 0.85
| Example 7 100 100 | 4.5 75 51 0.98
Example 8 | 300 100 | 4.0 168 59 0.95
Example 9 | 300 100 5.0 [138 48 | 0.96
Comparative | ;.. 100 ' 3
Example 3 . A AR | '...75... ..44... f.??.. .Q732
'Cdmparative ' : R _
Example 4 | 00 | .00 4.5 | 3% | 8 [o0.27

(Note 1) The film thicknese.is the avefage value of teni
N measurements taken at different longitudinal
~ locations in about the middle of the film.
(Note 2) The mark length was measured at five longitudinal

locations.



3 Conparative = 150 100 4.5 36 88"
anpl e 4 (Note 1) The filmthickness is the average val ue of ten
enments taken at different |ongitudinal |ocations in about the mddle
film (Note 2) The mark | ength was neasured at five | ongi.tudinal

ons. -38- Optical propertres8 - X-ray diffraction
' characteristics Trans-  Degree of Shrinkage mttance _;ﬁ
pol ari - _..rate f f x RJerr] . zation (% - (99 S
(% 41 88 - 0.5 0.91 46 39 93 1.5
.0.92 55 38. 92 _ 1.0 ' 0.85 3339 Q
1.5 0.93 5%p4fcal propdrties | 1.5 |[X-rayO.93 6139
96 _ 2.0 ~0.92 58 40 75  |diffracibn . 0.63
15 38 77 3]0 - 0.5pTherm8l |[characteristics |-
~ | Trans- |Degree of | Shrinkage
| mittance| polari- - rate £ £ xR
(T ) zation _ ] . .
el e . : - o
(%) (%) (%) T . :
.41 . .| ..88 . .. 0.5 ...0.31 - 46. L .
39 ] ..93 . 1.5 ..:10.92 | 55
38 | 82 1.0 |[o0.85 | 33 N~
39 91 | 1.5 |o0.93 | s3
40 | 94 1.5 0.93 | 61
39 96 | 2.0 |0.92 | 58
40 : 75 2.5 0.63 15
38 77 3.0 0.58 8
o



-39- Exanple 10 An unorlented f|In1(150 pm t hi ck) obtained in Exanple 1 was
inprinted with a longitudinally extending i nk mark of 100 nn1|ength in the

m ddl'e of 5 the film On the other hand, a tentering nmac )
constructed by nodifying a sinultaneous bgaxial str.etching C LBé haV|ng
clips of the pantograph type so that, in the stretching zone, _f|Im
speed was gradual |y reduced at a constant rate as the filmi10 ~ travel ed

i m™he machine direction. The above unoriented filmwas fed to this
~tentering machine, stretched transversely in such a way that the lateral
di st ance bEtMBen"EEEEEQEnéﬂeased from 200 mm at the entrance to 900 nm at

the exit (i.e.., with a 15 _ . stretch ratip_ of 4. 5), en_heat-set to
obtain a polyester-based poPﬁrPﬁPﬁbe?F?%1fhﬁ%u‘l%g Eghﬁ%ﬁb gﬁﬁ? ed
tenperatures of the g eat s of the
tentering nachlnelﬁe afé??]a \ ﬁéfbﬁggggg V%I%éﬁé?%ﬁd¥%§: I m 20
-speed at the eX'tgman W?h hﬂ ichsfpszb@rmm tﬁmﬁr&ﬁeqm@amcbfthe |
W as

mprk length was 5 rinkage rate of 45% . \Wen its X-ray

diffraction gharagh@riggiincs BAUtRE! bEREXPRERE] L4 CeNes figatatitihe s
gvalues of f. 25 ‘and f x R where 0.90 and 48, respectively, the

'« constructed by modifying a simultaneous.biaxial
.sffetehing-macﬁinelhaving Clipseof the;ﬁhbogreph type
-'ke; : so that, in the stretching zone, the film speed was
graduallf reduced at a constant rate as the film
10 traveled in the machine direction. The above
‘unoriented film was fed to £his tentering machine,
stretched transversely ih such a way that the lateral |
distance between clips increased from 200 mm at
 the entrance to 906.mm at the exit (i.e., with a
15 stretch ratio of 4.5), and then heat-set to obtain a
| 'polyesterebased poierizing film (about 60 um'fhick).-
The'temperatures of.thelpreheating, st:efching and
heat—treatipg zones of the tentering machine were
90°C, 80°C and 1s'o°c_,' respectively, and the film
20 epeed'at the exit was 5 m/min.
_ In the polarlzlng film thus. obtalned, the
-mark length was 55 o - (with a shrinkage rate of 45%).
When xts-X—ray diffraction characteristics and

optical properties were measured, the values of £

25 and £ x R where 0.90 and 48, respectively, the



40- transmttance [err] was 42% and the degree of polarization (V) was

. 87% Exanple 11 Ten kilograns of nylon 6 resin pellets were 5 bl ended

T with \g of a photodichroic azo dye ("M keton Pol yester Orange 3GSF";
man red by Mtsui Toatsu.Chemcals, Inc.). Then, according to the
mel t usi on process of Exanple T, 4ne resulting blend was fornmed into an
unor ed film (270 mm wi de) 10 having a thickness of about 100 [err],

~This filmwas cut to a length of 50 cmand inprinted with a longitudinally
~extending mark of 100 mmlength in the mddle portion of the film Then,
using a batch I i kNQokN l5C hg gSpaci ng between
adj acent c|ip§&%%%F§E§§h§?aggéFF§Q?e 5§édgg9 Eggngeé??esgﬁem/shafts
throughout theabalahits A& Qds B9&H edges of the filmwere held by clips .
and the entire systemwas placed in an oven at about [err]. Thus, while the
screw shafts: Z&kamplewdde being rotated,-the filmwas transversely stretched
with a stretch ratio of 3.5 (in an anount of 300% .. Thereafter, while being
kept in that state, theTentkidogyamenofanyllonnéf resid pefldetia weea at about *

[err] and heat-treated for about one - L :
S blenided with 10 g of a photodichroic azo dye ("Miketon

Polyester Orange 3GSF"; manufactured by Mitsqi'
Toatsu Chemicals, Ihc.). Then, acdordiﬁg.éb,the o Q;J
‘melt extrusion process of Example 1, the-réSﬁlting
blend was formed into an unoriéntédzfiim (270 mm wide)
10 having a thickness of sbout 100 im. R
| This film was cut to a length of 50 cm and_
imprinted with a longitudinally extehding'mark of 100
mm length .in the middle portion of £hé filmﬂ Then,
using a batch .type stretching machine in which the
15 spacing between adjacent élip§ could be gradually
reduced by means of screw shafts throughout théi'
'stretching period, bbth edges of the fiLm wére S o
"held by clips and the entire system was placed in an
oven at about 120°C. Thus, while the screw shéfts
20 were being rotated, the film ﬁas'transversely.
stretched with a stretch ratio bf.3.5.fin an amount
of 300%). Thereafter, while being kep.t.in that
_state, the entire system was transferred into aﬂ-
oven at about 180°C and heat-treated for.about one

25 minute to obtain an polyamide polarizing film (about




25 m nute to obtain an pol yam de polarizing film (about -41- 40 pm
~thick). Inthis film the mark length was 72 nm (with a constraction ,rjgi\o
rdte'of 28%, the optical properties were such that To = 39% and V 699\
and 5 the X-ray diffraction characteristics were such that f = 0 8§ ng f
x.R = 28. Exanple 12 An unoriented filem411Q0 [err] thick) forned iAN |l e
1 was inprinted with a longitudinally 10 extending ink mark of 100 nm
lexgth ih the mddle of the film This fil mwas passed between a pair of
mating gears to forma continuous corrugated filmhaving a pitch of about 8
mm and a depth of4&homtth¥c® am Wien nmeasured on a plane scale, the length
15 of the aforesaid mark was 59 mm_ This corrugated filmwas fed to a

t enter type transverse stretHiHS ifdciiméhes magkcHeggthaWase73emp (Wiktha
e o Pt o Bap RSP SELAECERHR BB S EVE, Dol b = =™
e TP "Sor T RoHEEILS, Lo GaLh Ehat POl VU SHE, e
C 5 | ' the X-ray diffraction characteristics were such that
f =0.83 and £ x R = 28;
| Example 12 _
v An unoriented film (100 um thick) formed in
Example 1 was impfinted with a longitudinally
10 extending ink mark of 100 mm J.engthin the. middle of
the film. This film was passed between a pair of
. mating gears to form a continuous corrugated film
having a pitch of about 8 mm and a depth of about
of 8 mm. When measuréd on a plane scale, the length
15 of the aforesaid mark was_59'mm.- This corrugated
film was fed ﬁo_ a tenter type transverse stretching
machine, stretched ti‘ansversely with a stretch ratio
of 4.5, and then heat-set under tension. In this
tentefipg machine,the tenperatures of the preheating,
29 stretching and heat-treating zones were 80°C, 75°C
and 190°cC, respectively.
Phyéical propérties of the flaf portion,
excluding the edge portions, of this polyester-based
polarizing film (about 40 um thick) were evaluated.

25 The results thus obtained are shown in Table 3. .



polarizing film (about 40 pmthick) were evaluated. 25 The results thus

- _Obtained _are shown in Table 3. -42- Exanple 13 The procedure of Exanple

12 masx’go ated except that the unoriented filmwas contracted so as to

gi ve 3 k | ength of about 45 nm as neasured on a 5 plane scale. Thus,

t here obt ai ned a pol ari zi ng fiIﬁTHH%th substantially the sanme

t hi ckness. The results of evaluation of its physical properties are also ~ .
shown in Table 3. Conparative Exanple 5 10 The procedure of d
Exanpl e 12 was repeated ‘except that an unoriented filmwhich had not been
corrugat ed and Beampleth® formof a flat sheet was directly stretched.

Thus, there was obtained a polarizing filmhaving substantially the sane
thi ckness. 15. The resulthe (ﬁr@%ﬂ% i Egrample gy wiagarepegted i es are

al so shown in Table 3 Exa | e 14 A po filmwas made in the same
manner as in Rt tf%d%’r&ﬂgé’ﬁed"’ﬂtlrﬁl a SRpds to:

d d -
oPane Seal e and . ald ’?J@Wfﬂf? e, BB 38 BRI R TS o

5_ plane scale. Thus, there was obtained a polarizing

film having substantially the same thickness. The o s
results of evaluatlon of its phy51ca1 prqpertles are

also shown in Table 3.

' Cd@ggratlve Example 5
10 The procedure . of Example 12 was repeated .

except that an unoriented. film which had not been
corrugated.and.wés in the form of a flat sheet was
directly stretched. Thus, ﬁhere was obtained a
polarizing film having substantially the same thickness.
.15 The results of evaluation of its phy51cal properties

are also shown in Table 3.

A polarizing f£ilm was made in the same manner
as in Example 12, éxcept that an unoriented film
20 ﬁas cohtracted.so.as to give a mark length of
- about 65 mm as measured on a plané_scale and-theﬁ'_
stretéhed-with'afstretCh ratio of 3. 1Its phySicai
properties are shown in Table 3. S ' | a

Example 15

25 _  An unoriented film obtained in Examplé 11



properties are shown in Table 3. Exanple '15 25 An- unori ent
fil mobtained i n Exanple 11 - 43 - was inprinted with a |ongitudially
extending mark of 100 mmlength in the mddle of the film This fi i R
fed to a tenter type transverse stretching nmachine provided with cKp
whose filmgripping surfaces were 5 sahfp@d~into a wavelike formhaving a
pitch of 20 mm and and a depth of 20 mm The tenperatures of its
'_préheating, stretching and heat-treating zones were [err] and [err],
respectively. Thus, the filmwas transversely stretched with a stretch.10
ratio of 3.5 and _then heat - Q.. 0ht i : a i b HEI M
(about 50 pm thi é'fas. l\’&’eng}%gé I@%&t% gfogtgﬁg%?%}é alégqen’ﬁreiﬁém?%aéﬁred on

a plane scal e befgy@ dlerdiipin G athel mikdaaet eredneh€isil et ThisgfiDiaewas t
was found 15 - to be 65 nm~ The results of evaluation of physical
properties of thigedadrd adigdr [tiper aranewerse stibecBingxmaphind6 In a
~longitudinal roll stretching nmachine 20 as illustrated in-Fig. 4, an
unoriented fil m. (disdvipded hwith) olips wbosen fElmrgirdppingssuufaces | wars
passed ' : o
p- ' 5 _sahped into a wavelike form having a pitch of 20 mm and

i and a depth of 20 mm. The temperatures of its
préheaﬁing, stretching and'heét-treatipg'zonés were
120°C, 110°C and 180°C, respectively. "Thus, the
film was transversely stretched with'a'stretch

10 ratio of 3.5 and then heat-set to obtain-a nylon-
based polarizing film (about 50 um thick).
| When the length of the. aforesaid mark was
measured on.a plang-scale before the unoriented
film entered the stretching_zone,-it was-foﬁnd

~ .15 . to be 65 mm. The results of evaiuation of physical
properties of this polarizing film are shown in o

‘_gyj _ Table 3.

. Example 16

In a longitudinal roll stretching machine
200 as illustrated in Fig. 4, an-unoriented_film}(150_um‘
thidkf.abtained'in Exampie 1l was-succeésively-passed _
over.thiée'curved heating rolls (with a maximum:
< diameter of 400 mm) having a degree of curvature
: of 0.16 and heated at 7050 {which, as:a'wﬁole; gave

25 an apparent degree of curvature of 0.4), and then



- a_deg

over three curved heating rolls (wth a maxi num di aneter of 400 nm) having
2e\of curvature of 0.16 and heated at [err] (which, as a whole, gave
’e.parent degree of curvature of 0.4), and then - 44 - stretched

| ongj ally with a stretch ratiq 4 by means of take-off stretching
rol % 20 mMmn). After having passed through the stretching rolls, the
stretthed fil mwas heat-treated under tension 5 by nmeans of heat - settinq;;

~rolls (at [err]) to obtain a polar|2|ng film (180 nm w de) having a
t hi ckness of "about 70 pm - The resul t's of evaluatlon of physical properties:

of this polyest .- Zals Tahl e 3. Exanpl e
17 In a Ionglfug{ngﬁ %e Fﬁélﬁgég?ne as |I? gm%atgo 8Q. 4 an :
- unori ented f|| ?éaﬁﬁddfqtgﬁgggg? ;Lrgggh§ﬁgc?g%1gekxtpg§sgﬁ r three:

15 cur ved roI a -degr curvature o 11) heate err]

(which, as a \fmieqs h@i AP PagBRaAr %h@'&hgﬂeﬂhéesei:eﬁbh!ﬁbui@lmé 0.3),
stretched longitudinally wth a stretch ratio of 3.5 by nmeans of take-off

stretching rolthe sinetiched fddm wasahedtutaeatadd unﬂenstensbynneans of
heat - settlng rolls (at [err]) to
5 - by means of heat-setting rolls (at 190°C) to obtain
a polarizing film (180 mm wide) having a thickness
of about 70'ﬁm; L s - S ' . | | iJ
| The results of evaluation of physical
properties of this polyester-based polarizing_fihm'
10 are shown in Table 3. | |

In a ldngitudinal strefching machine as
illustrated in Fig. 4, an unoriented film obtained
in Example 11 was successively passedIOVEr three
15 - curved rolls'(with'a degree of curvature:-Of 0.11)
heated at 110°C*(which; as a:whole, gave an apparatent
degree of curvature of 0.3), stretched longitudinally | NS
with a stretch ratio. of 3.5 by means of take-off -
stretching roils; and then heat-treated under
20  tension by means of=heat—set£ipg rolis (at.lspﬁc) to
obtain a polarizing film (210 mm wide) having a
thlckness of about 40 um.
The results of evaluation of éhy51cal
. -properties of this polyamide-based polarizing film

- 25 are shown in Table. 3.



obtain a polarizing film (210 nm wi de) havihg a 't hi ckness of about
The r.esults of evaluation of physical properties of this polyan de-
pol ari zing film 25 are shown in Table 3. -45- Exanple 18 A pol I ng
film was nmade in the sane manner as in anpl e 16, except that the™
unori‘ented filmwas passed over four curved rolls including 5  three
curved rolls with a degree of curvature of 0.15 and one curved roll with a
degfee of curvature of 0.19 (which, as a whole, gave an apparent degree of
curvature of 0.5). The results of evaluation of its physical properties are
shown ‘i n. Tabl e 3.Example IBnparative Exanple 6 A polarizing fil mwas made
i.n the same manner as in. Exanple 16, except that- ordinary plain, or _
uncurved, rolls were used &% BRERAFIEHNADRETEL Was Made ddyithe §ameyal uation
of its physical properligs &9 exaiiife STV bddp e the nctientea

. film was passed over foﬁr curved rolls inéluding
5 three curved rolls with a degree of curvature of
W o 0.15 and one curved roll with a degree of curvature
| 'of'0.19-(which, as a ﬁhole;_gave an-apparent'degree-
kf" : . of curvature of 0.5). The results of evaluétion'of
its physic?l properties are shown in Table 3..

10 ~ Comparative Example 6

A polarizing film was made in the same
manner as in Example.16,.except that ordinary plain,
or uncurved, rolls were used as the lead—-on rolls.
The results of evaluation of its'physical propefties

15 are shown in Table 3.

L
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Table 3 Orientation Stretch Constraction Optical process ratio

T 41

-.ratio ~-Jrans- mttance [err] (% .Exanple 12 Transver se 4.5
0.59 | 42 stretching on a tenter Exanple 13 " 4.5
0.45 40 Conparative Exanpl e 36 - " 4.5 0. 95
i 14 " 3 - 0.65 39 Exanple 15 B
- 3.5 0. 65 38 Exanple 16 Longi t udi nal 4 i
0. 60 35 rol| stretch- ing Exanple 17 " Table 3 3.5 o
0 70 36 Exarrpl e 18 . sl 4 e 0 50 T . 35
Conparati vE " . I 0.91 34 EXanple &  -47-
properties B Orientétimn disitiredch o Opkliexnilng
characteri $tics Degree ¢f - process r¢gsiratdece| ratio ~Frans= T
' ' ' (£/L) mittance
..................... -1 '(TO.) .
_ _ : (%)
Example 12 Transverse. 4.5 0.59 - 42
_ stretching
~on a tenter _
Example 13 | =~ ™ 4.5 | 0.45 40
Comparative _ : _ ' ' - o o .
Example 5 " - 4,5 0.95 41
Example 14 . 3 10.65 39
Example 15 no 3.5 0.65 38
Example 16 | Longitudinal | 4 0.60 .| 35
‘ ' roll stretch-| '
1 ing _
Example 17 " 3.5 0.70 - 36
Example 18 " 4 0.50 35
Comparative .
Example 6 | 4 | o.91 34

Q

<



pol ari zati on | f fxR((V (% 93 0

1. . 0.94 - 65 96 X _ 5 0.92 54 78
[err] 0 0.65 989 ~-47- o0 0
84 o) -0 0.83 18 93 o]
0 88' 25 90 o o] 0 ~0.86 23 92
0. 89 29 76 o] 0 0.62 7

tﬁ‘efcase of transverse stretchi ng on a tenter, the Constraction Ratio was
det'erm ned by nmeasuring the length of the rrark inmprinted on the film In

the case of |ongrtadi nal r0| | stretcnilng, rt was calculat ¢d from
t he degrees of cuig1 %; the.curved | ead-on rox-zxayEdaFfractodn. -
unoriented film (715 pm]ﬁ"n cl F latitneisse d Flle xEngnpl echa\mastemﬁ.shdiased bet ween -
Tow speed feed lihogred WS (With a sy esds tapeed—of—3—mi-m—eorpf{i sing a
pair of pinch rgldfarilZiehontil e beind in contact;with about half {he
circunference . .of a(mtal._coated,__ £ £ xR
A RO -
. 93 - R 1l ' 0.94 65
| 96 X 5 0.92 54
~ 78 © 0 0.65 | 9
89 o 0 0.81 |- 15
84 . o 0 0.83 18
93 o 2 | o.88 25
90 o 0 | o.86 | 23
92 - | x - 0.89 29
76 o 0 0.62 | 7.




‘roll of 400 mmdianeter (wth a surface speed of 8 mMmn) plated with

.chrome to.a surface roughness 15 [err] of 0.5 [err] and heated at

[err], the filmwas longitudinally strggched with a stretch ratio of 4 by
. means of high-gp&ed rolls (with a surface speed of 12 mimn) conprising a
“pair of pinc s. It was confirnmed that, during this process, 20 t he -
filmwas strgt while slipping on the heated roll and shrinking in the 7,
transverse di ion. In addition, the stretched filmwas heat-treated V\ntﬁJ
“an annealing roll (at [err]) to obtain a polarizing film (70 [err] thick).
-49 - The light transmttance [err] of this polarizing filmwas 40% and its
degree of pol ar#zatnome(&’asévasfS’éﬁ’ansiréssé(-éaye’dd:ﬁiﬂ@Cén ) ey} eri stics
were such that f 0.75 and 5 f x R= 18. Conparative Exanple 7 A

pol arizing film (abbetC&ﬁt#muﬂmtRmtw)wmsdemhaunedhwmmmrtm in
Exanpl e 19, except that an unoriented filmhaving a thickness of 300 [err]
10 was used andlengthopf thepoad bupyinted ren | the sfickml r o sthend t he

hi gh-speed rolls mas groglded with a flnch roll madé of rubber. to bring.the s
filminto ase of longitudinal roll stretching, it was

5 " calculated from the degrees.of curvature .of the

- curved lead-on rolls.

- Example ‘19
An unoriented film (150-pm thick) obtained

in Example 1 was 1ntroduced between low-speed feed
10 rolls (with a surface speed of 3 m/mln) comprlslng a
pair of pinch rolls. Then, while being in contact
with about half the circumference of a metal-coated
roll of 400 mm diameter (with a sﬁrface speed of 8
m/min) plated with chrome to a surfaee roughness

15 (B ) of 0.5 um and heated at 70°C, the film was

max
longitudinally stretched with a stretch ratio of 4

v
_ by'means of high-speed rolls (with a surface
speed of 12 m/min) comprising a pair of pinch rolls.
| It was confirmed that, during .this process,
20 - the film was stretched while slipping on the heated
roll and shrinking in the transverse direction. 1In
addition, the stretched film was heat-treated -

with an annealing roll (at 180°C) to obtain a

polarizing film (70 um thick).



cl ose contact therewth and thereby prevent slippage of the film Its
optical "properties were such 15 that [err] = 39% and V = 64% Thus, its
*light transmttance was alnost equal to that of the polarizing film
obtained in Exanple 19, but its degree of polarization was inferior.
.XeTay diffraction characteristics were such that f 0.55 20 and f

. £6. Exanple 20 The unoriented fil m obtaged in Exanple 11 was i ntroduc
th&ough pinch rolls (with a surface speed of 5 m.mn) |ocated on the feed
si-de, 25. passed over two slip rolls (with surface tenperatures - 50-
~of Jerr] and [err] and surface speeds of . 7 mmn and 11 mMmn disposed in
-parallel and having a surfagf rqyginesansesitkadkel (feyrbgagrian external

- dianeter of 300 Mmso as to run in an X-shaped 5 Battern stretched

. longitudinal |y wigdlaridimi il Inaviaz @i0$3 ahy ieandegkedi gi-speed rolls (with
.a surface speed of 15 mnin), and then heat-set to obtain a polarizing film
" (about 60 [err] tpu]cd«)xza‘l&mmp(t\ﬁ)cailaSpﬁ(Sﬁertlés ¥f-rapi dif6ractiomg 10 '
“filmwere such that To = 35%and V = 87% Its X-ray diffraction
characteristics aFagkaristiics; werg gpch that £ = 0,75 and

S £f x R = 18.

- Comparative Example 7

A polarizing film (about 70 ym thick) was
made.in thg same ﬁanner as in Example 19, ekcept
that an unoriented film having a thickness of 300 um

' 10 - was used and the roll disposed between the low-speed
rolls and the high-speed rolls was provided with a |
pinch roll made of rubber to bring the film into
close contact therewith-and thereby prevent slippage

~-of the film. Its optical properties were such

15 that To = -39% and V = 64%. Thus, its light
transmittance was almost equal to that of the

'&“;. : -polarizing film obtained in Example_lQ, but its

degree of polarization was inferior. Its'x-ray
diffraction characteristics were such that £ = 0.55
20  and £f xR = 6.

. ' ' Example 20

The unoriented film obtained in Example
11l was introduced through pinch rolls (with a
surface speed of 5 m/min) located on the feed side,

25 passed over two slip rolls (with surface temperatures



and f x R = 12. Conparative Exanple 8 A pol ari zi ng f|In1(about 60 [err]

t hi ck) was 15 made in the sanme manner as in Exanple 20, except that an
“unoriented fil aving a thickness of about 180 [err] was used and.each of
the two interf negiately di sposed rolls was provided with a rubber roll to

, ' keep the filmlji | ose cont act thergm@éh; 20 When its optical properties
‘were evaluategi"At was found that T 6% V =58% f =0.82and f x R= 87
Thus, its degree of polarization was inferior to that of the polarizing St
filmobtained in Exanple 20. - 51 - CLAIMS 1. A polarizing film
'.ontalnlng a base resin and a photodichroic material which is characterized
inthat 5 - of 95°Clandt heseoi axdasupcaeat speods coef?im/mit 4dd (as
defined) of the principal crystal axis of the base resin with respect to

the reference ailm/msnndispessdthanp@ralleheaméfbaﬁmm@ axswrirteng defi ned,
~when the inpinging X-rays are erpendlcular to the

surface of ther969%9¢§$néﬁﬁékh1°§s aHmain ﬁﬂléﬁg?

diameter of. 300 mm so as to run in an x-shaped

5 pattern, stretched lopgitudinally with a stretch
ratio of 3 by means of highfspeed rolls (with a
surface speed of 15 m/min), and_then heat-set to - _.;_;
obtain a poiarizing film (about 60 um thick).

_ | | The optical properties of this polarizing
100  film were such that T°.='35% and V = 87%. Its X-ray
diffraction characteristics were such that £ = 0.72
and f xR= 12

Comparative Example 8

A polarizing film (about 60 um thick) was
15 made in the same manner as in Example 20, except
that an unoriented f£ilm having a thickness of
about 180 HUm was used and each of the two inter-
medietely disposed rolls was previded with a rubber
roll to keep the film in close contact.therewith.

20 When its optical properties were evaluated, it was

44

found that 'I‘o = 36%, V =58%, £f=0.82 and £ x R =
8. Thus, its degree of polarization was inferior
to that of the polarizing film obtained in Example

20.



the plane of the.polarizing filmand which nakes‘aﬁ\aﬁgfe~eL\LgLLl\mﬁth the .
axi s made by normal projection of the direction ;ﬂmz” of the.
strongest X-rays in the Debye- Scherrer ring diffif ll/’{”’lj m | planes
parallel to the principal ¢rystal axis of the base rf%sitn Eol arizing
fi-lm and 20 (2) Wien X-rays travel ITmtparallel to the refert ence..~$§,

inphnge on a surface of the filmwhich is perpendicular to the refere L
axt=, the product (f x R) 25 ' of the aforesaid uniaxia
orientation =~ - 52 - coefficient (f) and the ratio (R =[err]) x 100)
the mni mumvalue [err] to the maxmumygatms[err] of diffracted X-ray
intensity on the resulting Debye-Scherter 5 ring is not less

~than 10. 2. A polarizing fihm ag pd;'gaﬁfﬂiﬁ@ £1 B nedn D Bhdp & headw@se resin
is a hydrophobic resin. 3. Apolarizing-filmas clainmed in claim2 wherein

t he base resin i sraspnl gnledi photsdicheoil® matgolgykbswleichedsn or a

pol yam de resin. ' L -

s : characterized in that

5 E (1) the uniaxial orientation coefficient (f)(és
 Gefined) Of the principal crystal axis of the base
: .:esin with :espect-to_the_referendé axis is.nbt
less than 0.7, the reference axis being
defined, when the impinging X-rays are
10 perpendicular to the surface of the
polarizing film, as an axis which is in
the plane of the polarizing film aﬁd
which makes an angle of 90° with the axis
made by normal projection of the direction
15 . of thé'strongest X-rays in the Debye-
Scherrer ring diffracted by crystal
(_/ ' o plénes-parallel'to the principal_crystal
axis 6f'£he base resin on the polarizing'
film; and | |
20
(2) . -When'x-rays traVéliing'paraliel toithe refer-

ence axis, impinge on a surface of the film

S

which is perpendicular
to the reference axis, the product (£ x R)

25 : of the aforesaid uniaxial orientation



4. A polarizing filmas claimed in claimi1 wherein the phot odi chroi c
“.mater|j l-s a photodichroic organic coloring material. 5. A method of

maki ol containing a base resin and a photodi chroic
mat erg/\-—- y mllm uﬂnuumu;u"step of orienting an unoriented film the

bei ng*chéractéti Zed*in that the@“unoriented filmis oriented in one
.direction with-a stretch ratio of 2.5 or greater so as to give 20 an X 7; gj
value of at least 0.5, the X value being calculated fromthe equation X =
(d x L)/ (D x [err]) (1) where Dis the measured t.hickness of the unoriented:
-53- film L is the neasureitfigiant oflofandhdhengratdm d® 5 ;i T he) '

direction perpendicular to the direction of orientation, q IS the neasured
)

thi ckness of the oriented® 144} Qﬁufﬁ%ﬂqﬂnﬁmyﬂIﬂ?lﬁﬁhééﬁg dtﬁbﬁfﬁon of 5

" the oriented filmin the directio ndlcu (g § dlre n_o

_orientation. 6. Arrethod'ﬁ%ina} i’ 21 Hg Hi éﬁgﬁf?ﬁf:n clair1n05
wherei n the photodi chroi g f@LES r Loring
material and the base re5|n 'S pé#iég¥£?£%§gf&%gpb%h&% % %%SIH or £
pol yol efis resin. _ ring is not less than 10.

2. A polar121ng film as clalmed in c1a1m

1 whereln ‘the base resin is a hydrophoblc resxn.

3. A polarizing film as claimed in claim
2 wherein the base resin is a polyolefin resin, a

10 polyester resin or a polyamide resin.

4. A polarizing film as claimed in claim -
1 whereln the photodichroic material is a photodichroic

organic coloring material.

5. A method of making anpolarizing.film
15 containing a base resin and a photodichroic material
which includes the step of orienting an unoriented
film, the method being_characterized in that the
unoriented film is oriented in one direction with a
'stretch ratio of 275_or.greater so as to giﬁe- |
20 an_x valne:of at least 0.5, thenx value being
calculated from the_equntion
X=(dxL/(Dx & (1)

where D is the measured thickness of the unoriented

L)



7. A nethod as. clained in claimb5 wherej ' fil ped
transversely stretched while its |ongi tu#im, mm;mwﬂm S '
S * | a.

forcedly
¥5 - reduced by 20% by nore. 8. A nethod+ascC [ herei n -t he
unoriented filmis transversely stretched after it has been ract éd so

as to reduce its apparent Iongitudinal_d'gegsion to 80%or less of its

act u,.él 20 | ongi tudi nal di nmension.- 9. met hod as clainmed in claim$8
wheFei n the contraction ratio. of the unoriented filmranges fromf[err] to
1/ [err] where Nis the stretch ratio. -54- 10. A nmethod as clained in

claim5 wherein the unoriented filmis longitudinally oriented by a roll
stretching prace€ilimp Bhishther mbhsthpedngimensi o dos cfié Ol ridigeal i S used

as the 5 | oner -speed roll of the stretching roll -pair. 11. A method as
clainmed in clai mEslmhin ¢he dhreobbon eperpenidicular | cngheidinaddticn i ent ed
by a roll stretching process in which at |east one forcedly driven roll is

di sposed bet ween®fo0rientatiqpgpdets - tog | measrre dctihidinegsemf e s and t he

f+Imis allowed to,.slip.o e surface, of the forcedly_driven roll while
bei ng kept at itgrlenwd in:Jt. ; an f is the measured ydimension of :

{ 5 the oriented film in the 'direction perpendicular to

(v

direction of orientation.

6. A method of making a polarizix_ig '
film as claimed in claim 5 wherein the phétodichroic
material is a photodichroic o?ganic coloring

10 material and the base resin is a polyester resin, a

polyamide resin or a polyolefin resin.

7. A method as. claimed in claim 5 wherein
the unoriented film is transversely stretched .
while its longitudinal dimension is being forcedly

15 reduced by 20% by more.

8. A method as claimed in claim 5 wherein
. the unoriented film is tranéverSely ‘stretched after |
it has been contracted so as to reduce its apparent
longitudinal dimension'_to 80% or less of .its actual

20 longitudinal diménsion.

9. A method as claimed in claim 8 wherein
the contraction ratio of the unoriented film ranges

from 1/35%N to .1/%5/N where N is the stretch ratio.



- orientati on tenperature or dbuve'l12 A.met hod of making a polarising film

15 substanti a bed herein and exenplified in any of exanples
- 1to 20 13 gwmllmll nl produced by a nethod according to any of
cl A polarising filmsubstantially as any

desc(iﬁ%? herein and exenpllfled i n.angy of exanples 1 to 20.

10. A method as claimed in claim 5 -
_wherein_the unofieﬁted film is ldngitudinaily
oriented by a rdil stretching process in which a
roll-having a curved sectional sﬁape is used as the 

S lower-speed roll of the stretching roll pair.

11. A method as claimed in claim 5
wherein the unoriented film is longitudinally
orientea-by a #oll stretching process in which at
least one fo:ge@ljgdriveﬁ roll is.disposed:between

10 * the low-speed rolls and the high-speed rolls and
the film is allowed to slip onthe surface of the
forcedly driven roll while being képt at its

orientaﬁion.temperature or above.

12, A method of making a polarising film

15 sqbstantially'as any described herein and exemplified in

any of examples 1 to 20. | | _ ~/

13. A polarising film produced by a method

~according to any of claims 5 to 12,

20 - 14, A polarising film substahtiélly as any
described herein and exemplified in any of examples 1 to

20.

e



