6 1,110, 623
Publishing Corp., New York, follow ng exanples,
strength, US A, 1962), as follows:
transparency to visible light 4

respectively were neasured at a tenperature of Pol y- e- capr oam de:
225[err] C 25[er#]C. and a relative humdity of 60% The Pol y-1
1- am no- undecanam de: 194[err] C. density of the filns was neasured at

25[err]C. by 5 Pol yhexaeANPEIENE TS RPR.OE FTCASTION. means of the

(Rei nhol d
in which tensile
el ongati on and

gradi ent tube nethod using a Pol yhexamnet hyl ene sebaca :

227 err] ch m X B -r\ groNr? Bﬁéwé%ﬁf’ﬁon tetrachl ori de. %310’623
In the foklow ng 28 misaiNaac h Dethefi Apilixgten gral filieg Complete SFtifcayon edmt. [Péfvent i on
further phevi 43 5 WAt | dlo.oP04der i nki ng per unit area, which was
series of @re ; c Wppditation e tn-feiet (Non¢p57) oo Jai.nk9d5.by | eavi ng a
filmfor 1"'m‘ , M@ditatistndda ladaran (NantD848j o 25tFer, 194Feat - set ti ng,
air to gi f g S ‘Wi [Chrayildte SpevificdtiemBubiahed: 400wk €168by | npr oved
properti esand WO © Cro0Qgyrghivesesi onal st abi | i ty can be

obt ai ned. EXAMPLE 1.

Accor di ng e t y am)rphous film
(density o I%&X%%&gg%g{ e‘?ﬁ/%&%ﬁbéﬁ %%%’ta}i\;\nq&les ﬁ%ﬁs%ﬂg%%g% g%“f) 1. 1309/ cc;

t hi ckness It € /Bbaded about 1 second to 1 minute at 120[err]C.
to a edges) of pon e- capr oam GeMPLETRISPECIRICATION t vy 15 terrperature not

hi gher than 10[err]C '?P&é‘?&%ssz, s Q%ﬁﬁ%‘fﬁgi ﬁglﬁ in 96%

sul phuric neltln aC|d was passed
at a speed of “2%1( KABEHIKI ﬁsen%l % fragy t1 a aigl b%sonlg&m dr awn

) g-
film thr ough ﬁhfgs-%j}l k§ % he efl;’eiagfgyilr: T & h fke poly-
crystallisati maclﬁﬂdlerﬁﬁﬂliéﬁ, foro\frm |vﬁe'pra

validigs. QEt&mgWiﬁirdz&i bdnds ned
at agnautezi tfoluk, md:@ﬂmbaodacdmd ew:ehj are Tlhlée tolri§¢kingop] q@morpre 50

tort r:'onl mfen
pre-heated fil w&%’m sy papsisy-i ogellfy diae b C°%Vﬁl§*°wéaler°§ i ng
depends t ane % tﬁ& ”E)l ?’{ °llﬁ‘f‘n% Tt Ogh mldgmcess Mpg@ SraPRet %’s’ékness
of the drawn fltm ik @IRPLE Felites msiag@sbss Rf m@-bodﬂentad B one ivddeibd) aitl ¢ A Gleeed of

60 tur e100fpr¢v31at pobeinide rfgmarmorda&ttrcuidlyprmp@rttmasrsmrcctaty(bmthe:s@ow«! non at
130[ err] C. Thehififmaggon relatey fpes prpge f"cre‘t“EmV;Th Fab eregooh?n# 7 s faﬂs %1
film was heatb%%‘tyé“x §£C‘§§€s’ﬁq§ b i’i‘} G dravn S HO: JRRucts | onal

feature a shriwdkhiQg WHeRPy védndal p ﬁﬁ\sibcﬂrmﬁuc iuhfﬁ\' thvd- &e;dpﬂ&’&ﬁk&k@lﬂ&osﬁd)uﬁ d 25
for the renbtydiavied high Sytlmwtané rimprovedl mommaﬁanbsml’atbe Seesiiication ot 21AT/1963, a5°
transverse dir® ﬁgﬁ}eved lyesters (ﬁ IO Olrg%, uuhzed p‘ﬁg?t?i'% %‘M{fvﬁ 3114 e%ﬁ?u

The heat-set fy; [TEMé i\?l%ggoéﬁ % b&f polygﬁ;d\. film %1 ﬁ 3 Upure

bi axial ly at ast;me |pely@fbo§atbs leftk hivg alreadwfa Ypoklathid® ikl 46 p&fdfaatel 10 podstichR | nkage
speed sHe enterargd bybiewl dBwg rethriiques) How- 1ﬁ1ms, enddnaxiaily @isnred s keyowperipr 565 1
for 10 secondscig bt evelf gechnjoges have ”6¥Péib BFE’PCHPE?LB’O/GI“’S&rPﬂEPfrF‘bm B[PV C to

S ok a0 Sl

a tem give dh tRETH BNDbroceRQvnidR Gh e Enpika hi gher
than 10[err] Cto btﬁé OWmui mﬁﬁcuft Uddpariks ain(ﬂolif-l’ apspaalcsiar Bt [deeing Qialpropylene,NBé t | NQ
point of th fqﬂ}lﬁﬁ el Tlhatersihrs kwrf o r:?ﬂ%ldlaa%ﬁ’vleFUWI}eaTO- set
for 3 70 : gegg'f ?{m‘;ﬁf Adatn ’E’gﬁg e of Tt 3h

it eraI

190[err] C. und{ésm

awn -in a transverse direction by

nIB o fvﬁmuind be kept const angripping the previously thickened sides of the

transver se gd

35

45

(1) The method disclosed in Japanese
Patent Specification No. 5639/1955 in which
the film is first drawn in one direction and then
in the transverse direction to form an oriented
film. Such a process can be called the “two-
step biaxial process”, which has been used for
example to improve films made of polyesters
and polypropylene. However, it has been
shown that the two-step biaxial process, em-
ployed to improve polyester and polypropylene
films, does not usefully improve polyamide
films.

Polyamides possess strong hydrogen bonds
and low second order tramsition temperatures
so that the work done factor necessary in
drawing a polyamide film does not vary much

[Price 45.6d.]

material in gripping conveyors which move
apart.

The material is stretched between the rollers
and is simultaneously drawn in the transverse
direction. However, this process is not applic-
able for drawing polyamide films simul-
taneously and biaxially.

It is important w0 decrease the distance over
which a film is in practice drawn, but it is
difficult to decrease this distance when draw
rollers are used. Any material like polyamides,
which possess strong hydrogen bonds, may be
liable to necking-out when drawn by such
rollers, and there is the further disadvantage
that the films produced have a reduced com-
mercial value. Although such processes can
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80
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d4-d3

rati o of shrinking=

togive afilmO0.01 mm

X 100%

i n thickness.

The fol -

| om ng table shows properties of

the resulting [err] film(A in
conparison wth those of a sub- 75 .
stantially anorphous film (B) having a thick- 35 in which d3 and d4 are
t he_phi cknesses of a ness of 0.01 mm produced by a conventioenal
pol yammi de film before and after shrinking, process from the sane raw
mat eri al, as de- respectively.y 10,623 scri bed
in thi ' the
Properti give better resuéisa whe;1 n;::::clglsss(l%gafs i(l)ly; It is an object o ;%? resc:nt1 invelclltioiril 1

H wn old 1 1
Tensile % % g@ltud,nal azd transverse directions, wh1 ﬁ@ﬂ q?cﬁ raﬁﬁgg E:v}l’;gl sfbst 89“(} kg/ cne
700 kg/ cridedibll like polyamides, which are appar- tlallAIMpYdRESHoperties. 110

kg/c n{ &' rehtly not suitable for drawing to such an extent

| ongi t udiAEPpt
transversrgi1

be advantageously dragmoy,simul-
eously and biaxially by meagb(ﬁ(} such

(at 130[er Iﬁ &;av)mg polyhrBiaSfillnh ANmpr¥oe the1r

are

A subsitfnt P@U'elstyrs dwbthphmumrtituldrm @déml lte mofeﬁmé)rhdmb framllaill

g tpf necking-out. Therefore

e able to give a hlih de

ree of stretchmg to
the resulting film.

Oferr]C.,

According HoOKtgapte@m: invention we
provide a process for %a polyamide film
in which the film 1s

316 lon, gatudm

70°C. to 180°C. which is at least 35°C., below
the melting pom7 of the film, the ratio of the
on itudinal a transverse, dra speeds bem

2Y8 % 5 a\VAnd hH¥LUdrhva RE1Q US:

dr aw spee%] stap 1 n]m?rl drawing 8 m%gs impreved 4 o % l‘Elt
with a drnéﬁg ﬁﬁ%& xéi % c]%lu@ zcoqp@;%m ]lfasult &%ﬁf d
Vi SCOSIi t Virs@ 1t1on3t'&m er, Lvthe) ipM-  Ssetih Bi’o ss) ﬁﬂﬁﬁculhxnwﬁ

@fanpl Bs,

70

ki Jal ue:
&’i?eg%g E %@Lﬁp the tables

of fol 100vpropeml, i essmmbmoho hevibunaehnele eand ded emparaveel within the iram

| ef t @g:P
1,110, 62 3{) e initial rawing must be very fast so as 10

bl anks

EXAI\/PL E

4al. Sachr aﬁﬁl o of

-e- 0.8
arelative
5 3.0

when nﬁhsa;m@dﬁhat al@@[ﬁ&ﬂlr Wi, simyita@6S6ts-u| iesipe! sty fsi tequirab (The meadaswvatsi treat ed

under ther*PbH
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rawing, it is necéssary to maintain a
draw temperature considerably higher than the
second order transition temperature. In addi-
tion, the work done factor for drawing poly-
amides biaxially and simultaneously does not
vary with the draw temperature of the poly-
amides.

The dimensional stability of films such as
polyester films can be improved by treating
drawn films by various processes to remove
distortion, effect crystallization, etc; for
example:

(1) drawn film is stretched and is heat-set at
elevated temperatures.

(2) drawn film is subjected to the combined
processes of relaxation, heat-setting, heat-
shrinking, etc.

In processes of the former type, a film
oriented by biaxial drawing is heat-set under
tension, whereby the film can be somewhat im-
proved. It is difficult to remove entirely any
distortion --nthe resulting film by the said
drawing process, and therefore the film so
treated does not achieve sufficient dimensional
stability. In an attempt to overcome such dis-
advantages, a heat-shrinking technique may be
used in which the biaxially-drawn film is
thermally set to shrink it about 2—10%, only
in a transverse direction. Thus it may be
possible for example to prepare polyester films
having low thermal shrinkage. However, such
processes do not usefully improve pure poly-
amide films which have been biaxially drawn,
and in particular do not supply adequate
dimensional stability.

We have now discovered that polyamide
filmg must be drawn from the very first with
a quicker speed and a larger degree of stretch-
ing at a higher temperature, if improved
physical properties are to be attained. How-
ever, polyamide films produced by the simul-
taneous and biaxial drawing are liable to have
disadvantages such as lower dimensional
stability, when such films are used at elevated
temperatures, ¢.g., in hot water.

according to the invention may if desired be
carried out continuously.

According to a further feature of the present
invention, there is provided a polyamide film
which has been drawn simultancously in the
longitudinal and transverse directions.

When polyamide films oriented by the
process of this invention are so treated to im-
prove the dimensional stability by means of the
conventional process (for example the relaxa-
tion process, which is carried out in only one
direction or in two directions separately) they
can indeed be shrunk to a limited extent, but
the treated films are liable to various dis-
advantages. For example, deterioration of the
most desirable properties produced by the
simultaneous biaxial drawing. However, we
have found that the dimensional stability can
be remarkably improved without deterioration
of mechanical properties by using a shrinking
step in which the drawn film is shrunk simul-
taneously and biaxially by 1—109%, in both the
longitudinal and transverse directions at a ratio
of shrinking speeds of 0.5:1 to 2.0:1. Such a
shrinking step can, if desired, be followed by
a heat-setting step carried out at a tempera-
ture of from 120°C. to 10°C. below the melt-
ing point of the polyamide. The heat-setting
can also be carried out after the drawing step
to improve the film further.

The process according to the invention as
hereinbefore defined yields improved poly-
amide films in one through-put process and in
better yield; the polyamide films in general
have improved properties such as dimensional
stability, tensile strength, and optical clarity.
This process is effective probably because the
polyamide film is drawn from the very first at
a high speed; it is not necessary to add any
plasticizer. Although a plasticizer may be
added to the polyamide film if desired, such an
additive in general does not give any additional
beneficial improvements in properties over
those of pure polyamide films.

In one preferred process according to the
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acid) was pre-heated in an anal ogous manner

films having 15 to that described in Exanple 1

properties. In the followng table, the through a pre-heating zone

in length, neanings of the various |letter headings are set where the
atnmosphere was neintairned at out bel ow the table. b

d Jerr] oh.1 ¥¥0 30 - - - - - -1900 2600
100 25 - 6 2 180 2 180 10 4 0.8:1 180
5 1800 2500 100 30 2 3 1,110,6280 2 180 5 8

1:1 180 i iofe" ’ t;!' f erl%h fir h;aﬁgettin stefma 1&0
10 6 1.2 az:ilggl tlg'l%-u;:tge,d 91 l;OI}? ht?l%g é&ﬁ g::msigggﬁémrdiig tf)t thé desiredgpr&irtiess, 180
2 180 10 120%. to a t3npkrature b8figher than 109C. &5 GesRIgQpolydBde film. 60 2

Headi ngs: below the meltig point pghe flgy under

under tension
heat -setting u

obt ai ned
El ongati on
transver se

| owi ng

conditions to provide
by passing different

2 m

In the following specificatio lai

tension such that the tragsverse di f{fmﬁ nﬁ:&g}cﬁyﬁmide ﬁlmBseincludesr'}f?getIC)erg %lttlmi ng
held substantially constant in orderg I a ear polyamides, for example —
rtidn€Nel H34d set film is then preferably € poly - PL Qﬁﬁd};hicﬁ,s p6ily - ThesafiBehyl-

subjected to a sHrinking stepewlsic i@ c&stiede ngt kadipamide, poly - hexametigylene-sebac-

out from 120°C. to ¢ temperatyrg PGy
10 the melting point tﬁthe fil
and biaxially in buth the ml

Time (seconds) transverse directions to an extent of 1—10%,

Po'\’ - hexameth V]ene

film

and at a ratio of shrinking speeds of 0.5:1 to

2:1. The shrunk film is then preferably treated

15 again as hereinbefore described in the heat-
serting step.

The single through-put process can be so

arranged as to enable one or more of these

steps to be effected therein. If desired, one or

(da—d)
crystallinity =

40 in which d is the density of the film; dc is the
density of the crystalline structure; and da is
the density of the non-crystalline structure in

the film.

(da—dc)

nide, poly - 11 - amino ¥ undecanamide

Hﬁfh _poly . :
RN D Scat fadcm i

It is preferred to use substantially amor-
phous polyamide films having a crystallinity of
not more than 259, measured before treatment
according to the present invention, because
polyamides having a crystallinity of more than
25%, are liable to disadvantages such as break-
age in drawing. Crystallinity can be defined 2s
follows:

(dc)
X——X100%,
@
The following table gives examples of linear

polyamides having a crystallinity of not more
than about 25%, measured at 25°C.

de da d
poly-hexamethylene-adipamide 1.24 1.09  less than 1.124
poly-e-caproamide 1.212  1.113 less than 1.135
poly-11-amino-undecanamide 1.12 1.01 less than 1.035
pelyhenamethylenc-sebacamide 1.157 1.041  less than 1.067

Polyamide films useful in the process of
the present invention can in general be pre-
50 pared by the following processes:
(1) Extrusion of molten polymer (e.g. T-die
process, inflation process, etc.
(2) Processes using solvents (e.g. dry pro-
cesses, wet processes, etc.)
55 1In the following part of the specification, the
polyamide films described are free from addi-
tives such as plasticisers.

(I) Draw speed:
According to the present invention, poly-
60 amide film is drawn simultaneously and bi-
axially in both the longitudinal and transverse
directions. In the specification, the draw speed
is defined as follows:

draw speed=d, /d. x 1009% /t

65 in which d, is thickness of the drawn film, d,
is thickness ol the film before drawing, and t
is the time in minutes necessary to draw the

£le. According to the present invention, the

draw speed of a polyamide film is 6,000—
100,000 °/, /min, and especially good results
can be obtained at a draw speed ranging from
about 10,000—60,000%, /min.

A draw speed less than about 6,000 %, /min
can give rise to necking-out and even break-
ages. A draw speed more than 100,000 %, /min
can also give rise to breakages or necking-out.

(II) Ratio of draw speeds:
Ratio of draw speeds is defined as follows:
ratio of draw speeds=ratio of speed of
stretching in a longitudinal direction to that
in a transverse direction.
At any point on the surface of the polyamide
film during drawing this ratio must be from
2:11t005:1.

Any polyamide film drawn at a ratio outside
this range is liable to necking-out or breakage.
The following Table 1—1 exemplifies the
results obtained by simultaneously and bi-
axially drawing pure poly-e-caproamide films
with a draw speed of 20,000 %/ /min at 120°C,
at different ratios of draw speeds:
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SV Shri nkage Val ue (% SS Ratio of shrinking speeds 20
The table shows that the prepared film pos- heated in an anal ogous nmanner
to that de- sessed far superior properties to that obtained scribed in

Exanple 1 by passing with a speed by Test No. 1 and that a film
obtained by a of 20 mimn through a pre-heating zone 2.m dr aw speed
ratﬁg of 3: 1 (Test No. 5) had poor in length, where the® at nbsphere was

properties. tained at 120[err]C.
35 251,110,623 EXAMPLE 3.

3 seconds at a ratio ASsubstantially
anor phous film (density of of dhuwlspEeds of about 0.8: 1 to 1.2: 1 with
1.028 g/cc; thickness 0.%F£g

m

a draw speed of about 20, 000
% mnin at 100[err]C. %ffz“%?a% dg"ﬁ”a#% n(ﬁthgsl §

ative viscosity of 2.7 to
draw a film el ongat edrapproxi mtely 3 when neasured at 25[err]C. by a

and was 4t hen drawn si nul -
taneously and braxrally tor

simlar manner tNoes idrwhpeds | ongi t udi Resuland transverse 40 30 to that
described in Exanpte 1) preq, AaiTec
9 1,110,623 &The d?gan fi b m“°S“Wé1k%?8ﬁ% a heat- lowing table

shows t he properties of the result- setting zone 10 m in length, where

the atmo- ing fil# (A F8:1conpdrifawdingeting drawcofaf a sphere was
mai ntai ned at 145[err]C Wnth W telado! rphous film (B) having
a t hr ough- put speed %P ﬁF% 3%5%9 tené%b%nothlckness of 0.01 mm

produced by a convén- 5 0§uch tﬁamm&hébumadawagmhmdlnen5|on woul d be

tional process fromthe raw kept constant and then was
treated by cool ai s@?l bed | ret §b°|'§§<° ?r%fa%bedmw’eto give a filmo0.01 nm

i n thickness.

(A)

| ongi t udi nal
transverse
Iongltudlga

Effects

15

20

25

The fol -
(&

0.4:1

> %qugrowq: paptial breakageg ) K g/ cn®

Neckmg-out scarcely observed. Properties

Tensile Strength:

kgl cnp

the above table, it is shown that films
can be with advantage drawn at a ratio of
draw speeds from 0.5:1 t0 2.0: 1.

The following Table 1—2 exemplifies the
results obtained from simultaneous biaxial
drawing of a copolymerized polyamide, which

is grépared by the copolymegzoatcx)oé of 85 mol
% of e-caprolactum with 15 mol % of 11-
amino-undecanoic acid; the polyamide films
are drawn at a draw temperature of 140°C,,
draw speed of 20,000 '%,/min and at the
different ratios of draw speeds indicated:

TABLE 1 - 2

Efieets of ratios of draw speeds on films

Ratio of
draw speeds

Test
No.

Results

7 2.5-2.6:1

8 1.0 - 1.3:1

Necking-out observed. Non-uniform
drawing

Uniform films obtained having

different ratios of thickness of
drawn film to thickness of material
before drawing of about 0.06
Necking-out scarcely observed,

9 0.3-0.4:1

Non-uniform films obtained.

(III) Draw ratio:

Draw ratio is conventionally defined as
1, hs/1; hy, in which 1, and h, are length and
width respectively of a film before drawing,
and 1, and h, are length and width respec-
tively of said film after drawing.

In industrial practice of biaxial and simul-
taneous drawing, however, it is preferred to
define the draw ratio as d,/d., in which d, is
the thickness of a drawn film and d, is the
thickness of said film before drawing; in this
specification, draw ratio is defined as d,/d..

According to the present inveation, draw
ratios from 16:1—4:1 are utilised.

The process of the present invention enables

the production of very thin films (for example
about 3 microns in thickness). Such thin films
can scarcely be obtained by conventional pro-
cesses since such a high draw ratio cannot be
achieved by conventional processes using films
containing plasticizers (e.g., monomers); in
such a process, polyamide films can be drawn
to a draw ratio of only about 2—3:1 in both
the longitudinal and transverse directions.
Higher draw ratios can be achieved only by the
process according to the present invention.

A ratio higher than about 16: 1 can give rise
to non-uniformity or partial breakages of the
obtained films, while a ratio less than about
4:1 can also give rise to various troubles, In

El ongati on:
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transverse 100% Tear strength:

| ongi t udi nal 100 g/ 10 [err]

transverse 100 g/10 [err] Shrinkage
val ue (at 100[err]C.) 4%
Transparency to yisible |ight 90% 10 [err] 85% 10 [err 15
EXAMPLE 4. - * setting zone 10 m. in length with &%hrough-
A substantial 'y anorphous film (0.1 mmin put speed of 60 mimn at ~
180[err] C. under ten- t hi ckness; no bknoers edges) of a copol yneri zed

sion such thar The Transverse. di TENs on WOl olyam de obtal ned by Lhe
. . s Id fi Draw't ture .

copol yrer i zat | orb A A et o LB ISR 1 5, wnlet

11-am no- “Thendidert veed fdrideaRinganlyatiads & abYof ahd resultsl obvéified f2dm dfdwingielipeanoi c

acid was pre- heavmsderrial seelesi mi | ar  furt her cospreanideyfilmglat differett odravrivimepers-

t enper a- manner to that described in Exast & 219rgy shsed 970800 % /miny and
t hr ough- put speed of 15 m min. ata-ffie oL r\?\%?eeéjf)g;a:%g\% 4 10
i nproved fil m having The pre-heat d8¥€i3 nl was sinmul taneously and a

thickness of about 0.006 nm whi CRaRASTESS Shhperarurelbfafh@l | Y drawn by passing
through a drawing a soft feel and 1 nproved surface properties. In 40 25

zone 2 m in length at a Teati oDof tamemruepeeds the fol l owing table,
properties of the resultiHg of "&hout 1: 1 to 1R®UST with a draw speed

of film(A) are conmpared;yith thogg of a SERt@Nbe drawn JRYWy 230, 000% i n at
140[err]C. to draw a film tially anorphoussdal kidunB) produced by a con-

el ongat ed appr oxi mat el y%}—tﬁﬂmﬁn—boﬁwgrf——mmﬁwss fromthe
same raw nateri al tudthal and &P ansver sEIRicPEbe Rt 4K &t g awn  as t hat
described in this Exanpl ez 451580 il mpBSssREAL ekt alBY tgpassi ng t hrough
a heat - Properties ) (A

(B) Tend?l e stre¥th: thickness of material before | ongj t udi nal

650 kg/cne 150 kg/crjerr] ine of about B-RDSVES 66 o.0%
600 Kg/ ong herd] ongation:  rawing of aboul BB R gi t udi nal
30% 480% _ t r sealdngasdefects.

20% St 15 A9E Ve ' Partial breakages and non-uniform-

ity of drawn films observed.

In Table 2—2, results obtained by drawing speeds of about 1:1, and at various draw tem- 15
poly-11-amino-undecanamide films at a draw peratures, are shown:
speed of 32,000 % /min. at a ratio of draw

TABLE 2 - 2

Effects of draw temperatures on films

Test Draw temperature :

No. (°C) Results
16 50 Drawing impossible.
17 70 Films can be drawn at ratios of
18 100 thickness of the drawn films to
19 120 thickness of materials before draw-
20 140 ing of about 0.08:1 with few neck-

ing-out defects.

21 160 Partial breakages observed

According to the present invention, the draw  from the very first with larger elongations and

temperature is maintained from 70°C. to a with larger draw speeds. Although some poly-

20 temperature which is not higher than 180°C. amide films can be drawn at a draw tempera-

and which is at least 35°C. below the melting ture above 180°C., various disadvantages such
point of the film. Particularly good results can as heat deterioration can occur. 30

generally be achieved at about 100—170°C, Melting points of several polyamides are

By drawing at these high temperatures, poly- described on page 34 of “Mechanical Proper-

25 amide films can be advantageously drawn ties of Polymer” by Lawrence E. Nielsen



(at 100[err]C.) 5%

1,110, 623 9

EXANMPLE 5. about 20,000% min_at 120[err]C._The drawn 10
A substantially anorphous film (0.1 mmin filmwas heat-set for 60 seconds
under tension t hi ckness; density 1.128 g/cc; no beaded edges) as
described in the above-nentioned Exanpl es of poly-e-¢€aproam de .
(relative viscosity 2.7 at 180[err]C to give a film(A) 0.01 mmin thick-
5 wheg neasured by an anal ogous jiggeer to ness, the properties of which
are ' ' = +he fol |l owing

that—desert+bed—+n—EBExanmple——was—s-rh——
Tabl e FK“’HB%%@ lFlg aCembsNan- Yorks followutgammnlmly vl tdnsﬂa»tralgtlhy drawn in an
Eg y ibl
anal ogo t} dBY phous fi | m ( Bj, "Ectmywere mgf? f- Ao R lgﬁpn‘h@r to that

descri begloly.g.cfpm,ml:e 3 at a yyentio e e e r aw nat eri al

ety 3F 62 Mpnd
dr aw _r at Pdy-0f-arsib@utdecinamideandivsatC.a
Ex am§| e: Polyhexamethylene adipamide: 265°C.
(B)
1800 kg/ @B present kDG MECplotides a

2000 kQgyexieyfRf treatment steps including heat-setting,
inkage and further heat-setting,

l Ong '1(; UI\E?%'ICI'C%[I

y improved properties and in particular

ddeasity $1pﬁedlnﬁfwas B&s
meapy ofnehe tgfadicnt tube method using a

he following tables, each shrinkage valu
is a ratio of shrinking pe; unit'a SM'%)C Was

obtained by Iehving@éefilth @d2:1 minute in hot
aigogjve free shrmkag@@g%t any tension.
30%

aatzsi’e:snyrl bed in this

(A)

Polyhexamethylene sebaelelglﬁigl | %27§ r enr&xblre of ligroin and carbon tetrachloridey ong‘* t udi nal

L I anSVef,8£ dimensional stability can be obtained. 50
Shri nkagacddﬁllidg&o one preferred process of the (at su@@ag{xﬁlgr]imlfous film (dens1t 2%
present invention, a difyrafil theated ot 01.180g/ch)| énickneggh0.1 mm.; nd %};jédlo [err]
85% ll p f@l}tr sec to 1 minute at 120°C. 0 a Eg@g\ fE)oB-e-caproamMe (relanve viscosity The film
‘1

ure no J)f t}leer rﬁfn b{g°C bﬁj Iv the

iLi30[ e r ek CdrawHVI ﬁlhx

Cr.
was Si rr,y?ﬁ
mm in dxﬂléxﬁWﬁl adrabilig0

fogien

ide
ai r 20 p r1od E‘ eé ettmg
i pr Vel i ‘L kb film, im ¢
t hi cknens& of Thi@-sdtiivlg | apiidestied. prip e&1e§
the film, etc. The invention therefore further
provides as an optional feature a shrinking step

densi twa@relm@e gﬂwmam@ arbierad el d?es here6

pie
ends tane usé'%ﬁ T

"%@ﬁf ?

ath

fém pdrawicgiili ng
bt

V\ﬂ:mlitr k940) 1) Oytﬁﬁ at 0°C The drawn
film was heat-set for 2 seconds at 180°C.
under tension such that its dimensions would

25 for the removal of distortion of the drawn film  be kept constant in a transverse direction.
which comprises shrinking a drawn film simul- The heat-set film was simultaneously and bi- 65
taneously and biaxially at a ratio of shrinking axially shrunk with a ratio of shrinkage speed
speeds of about 0.5:1 to 2.0:1, to an extent of about 1.5:1 for 10 seconds at 180°C. to
of about 1—10%, and from 120°C. to a tem- give 4%/ shrinkage value in both the longi-
.30 perature not higher than 10°C. below the tudinal and transverse directions.
melting point of the film. The shrunk film was again heat-set for 3 70
The ratio of shrinking can be defined as seconds at 190°C. under tension such that the
follows: — transverse dimension would be kept constant
d4—d3 to give a film 0.01 mm. in thickness. The fol-
ratio of shrinking = X100, lowing table shows properties of the resulting
film (A) in comparison with those of a sub- 75
stantially amorphous film (B) having a thick-
35 in which d3 and d4 are the thicknesses of a ness of 0.01 mm. produced by a conventional

polyamide film before and after shrinking,
respectively.
The present invention is illustrated by the

process from the same raw material as de-
scribed in this Example.

Properties (A) (B)

Tensile strength

longitudinal 1800 kg/cm? 700 kg/cm?

transverse 1100 kg/cm? —_
Elongation:

longitudinal 309, 3009,

transverse 909%, —
Shrinkage value:

(at 130°C.) less than 29 —_

In the above table and also the tables of follow-
ing examples, blanks are left in respect of

values which have not been determined.

aﬁﬁ?}}ﬁi‘:‘b% film(0.1
E in len whi Ckness,

eO@@%pmrﬂ waanﬁlalhthhﬁd’d was treat ed by

to glve an

fEeg)aane 1



25 except that no heat-setting was carried out. of the film obtained:
Tensi |l e strength: | ongi t udi nal

1800 kg/cn? transverse

1100 kg/cn? El ongati on:

| ongi t udi nal e transverse

90% EXAMPLE 7. ple 3 wwth a draw

speed of -about 30,000% 40 A substantially anorphous film (0.1 mmin
mn at 130[err]C and was then heat - set11f1o,52360 35 th| ckness density; 1.128

g/ cc; no beaded oC. s J t“% 10
&?a?l?g;ﬁ gg@t’%%%‘% ng ;

of poly-e-caprogm o {6 I ¥
bdok//mieN
Eat

constant to “obj BN/ cc; thib @norieﬁﬁnuy p&t s $
i nproved film caproammac(iwﬂl h haisa saiamcl xnmsepuSI ¥ 13076 tblgarxa &l @Osdnrammhzckxﬂsse

%E he fi b 8 teﬁﬂm the tfg)-
fol | ow ng téb Zgéx@n lowmglmcrof; monss]'gil lm@c ? havmc
1be

was
described in r de dlﬂer nt properties. in the following table, the
1,110, 623 through a pre-heating zone Eﬂﬁlull ,I’ eméhifgs of the various letter headings are set

| ongi t udi nal  where the atmosphere was maintained at out b@@Othk gblen?

transver se

2000 kg/cnferg¢]

El ongat i on: b lcongi t udi nal 4
100% transver se £ g
2?% T Shignkage @l Uess 8 1 L T fat A30ggerr]d
3% 1 180 30 - - - — — — 1900 2600 100 25 6
2 180 2 180 10 4 0.8:1 180 5 1800 2500 100 30 2
3 180 2 180 5 8 11 180 2 1900 2500 100 25 1
4 180 2 180 10 6 1.2:1 180 2 1700 2600 110 30 2
5 180 2 180 10 8 3 180 2 1500 2000 120 60 2
Headings:
a Test No.
b heat-setting under tension
c shrinking step
d heat-setting under tension
e properties of films obtained
f Tensile Strength
g Elongation
L longitudinal
T transverse
9 Temperature {°C.)
t Time (seconds)
SV Shrinkage Value (%

SS  Ratio of shrinking speeds

20 The table shows that the prepared film pos-
sessed far superior properties to that obtained
by Test No. 1 and that a film obtained by a
draw-speed ratio of 3:1 (Test No. 5) had poor
properties.
25 ExamrrE 3.
A substantially amorphous film (density of
1.028 g/cc; thickness 0.1 mm.;) of poly—ll—
amino-undecanamide (relative viscosity’ of 2.7
when measured at 25°C. by a similar manner
30 to that described in Example 1) was pre-

heated in an analogous manner to that de-
scribed in Example 1 by passing with a speed
of 20 m/min through a pre-heating zone 2 m.
in length, where the atmosphere was main-
tained at 120°C., and was then drawn simul-
taneously and biaxially for 3 seconds at a ratio
of draw speeds of about 0.8:1 to 1.2:1 with
a draw speed of about 20,0009, /min at 100°C.
to draw a film elongatéd approximately 3
times in both longitudinal and transverse
directions.

35

40



EXAMPLE 8. put speed of 66 mim n under tension such that
25 A substantially anorphous film (0.1 mm in the transverse
di nensi on woul d be kept con- t hi ckness; density 1.029 a/cc:) of

poly-11- stant, and was then passed through a shrinking 5

am no- undecanam de (relative viscosity 2.7 zone 10 m 'in length, where

t he at nosphere when nmeasured in a simlar manner to that ‘was .

mai nt ai ned at 1450C. by neans of hot air, described in Exanpl e 1) and
made by tghe T- with a ratio of ¢sShrjflkdsng speeds of about 1: 1 30 die

process = : } of 6% in
both the The g‘gvf:@mdfasle%@sem?ﬁgee H&aquqhmazhp? ilocial meﬁyt% shei ey € udi nal  and
Ly ansver sl bk s gg,egi?ls%, cv?ﬁﬂ’ae%mia ehEhiE Al Biisne e

Af t er var QirotdhSuEHEd K 60 inHinWas: €RMIE Cthidbhess of 0.0BR! FofRd Bta dbd

herr] C. The
pr e- hedt edchf thitntheversnsverse dieengdn wold| beai fondl eragésy &rom rihel sape cavodatérial an

si mul t anefRisP tggrgg}g legg)(’i:%fd%d ; inj deppribed 1p HM ERRPEN ¢ hi ckness.
35 drif&EpESH” of "Rt 1T E)?Jm’ n at 100[err]C.

The follow ng table
t he

conpar es propermmmﬂmone 2.5 m in
film(A) of this_exanplSP#¥h those of 1%Y [ength. Wi ratio of draw
anResilhSkenfth) M (B) which was pre-heated and

i : d2e0frkgfcm® t he 68Bkgécmianner
speeds of 0.9-1.1: 1 in dez&(ﬁfi%/ 0, 75 m

undeBlongafiii on in a simlar
both the | ongitudilergitudimall transverse

speeds of 0. 8-
first 1.75 m and lengitadinab of draw
above

was then heat-set TOr 10 seconds
ti mes el on-

t hose of yet 20 tions.

(© 0.01 mmin thickness which
passi ng
heat - setting zone longidigah | engt h,

process 45 whehgeddie at nosphere wap pgintained__at fromthe sane raw
material as described in this 145[err?%. by neans of hot air, with a

t hrough-  Exanpl éhrinkage value Properties (A

(B) (e 100°C.) Tensi4% strengtim

| ongi t udi nal Tramdcrk g bisiBR 1ighe 2000 alerr] ssy/RQ0 kg/cnR
transverse ——Z-ZOO—kq-l-em[—eH-]—————z-ﬁﬁkq—/—eﬂ@——— -

El ongag4 on: ExAMPLE 4. I 'ongi t Udéeﬂiﬂé zone 10 ml. in lengp%lth a through- 85%
300% A substantially amorpKo£filfiV(@.1 $8n in  put speed of HQH)Hin at 180°C. under tenO0% -

respec-
.CHY ——

ively,
manner to that de-

t hrough a

Shr i nkagethigktlesgeno beaded edges) of a copolymeriz¢dnt sich(0B, that theetepgsverpeadimension would

4%
90% 1024 €drlddcanoic acgav/és -fc'ét@l in a simil

manner to that described in Example 1 with

a through-put speed of 15 m/min.
The pre-heated film was simultaneously and
biaxially drawn by passing through a drawing
25 zone 2 m. in length at a ratio of draw speeds
of about 1:1 to 1.3:1 with a draw speed of
about 30,000%, /min at 140°C. to draw a film
elongated approximately 3 times in beth longi-

polyamide obtain atjop of ; t cofistant. ;
e-caprolactum eg- 'bl H’gﬁaﬁ%ﬂqﬁiaﬁ% f\/:) gﬁiﬁ%ﬁeat—sej film was cooled by air an!;l Iwgsht 35
Wtk ddlby rollers to ambient tempera-

ture

There was obtained an improved film having
a thickness of about 0.006 mm, which possessed
a soft feel and improved surface properties. In 40
the following table, properties of the resulting
film (A) are compared with those of a substan-
tially amorphous film (B) produced by a con-
ventional process from the same raw material

tudinal and transverse directions. The drawn as that described in this Example. 45
30 film was heat-set by passing through a heat-
Properties (A) (B)

Tensile strength:

longitudinal 650 kg/cm? 150 kg/cm?

transverse 600 kg/cm? —
Elongation:

longitudinal 30% 4809,

transverse 209, —_
Shrinkage value

(at 100°C.) 59, —_

1.2: 1in the
as descri bed
except that
to give an approximately 3
gation in
sc¥%%ed abo\¥0%t 145[err]C., and with

100° _ another film
The dt awn film was heat - set by
had a substsatgihal | y anor phous structure and
whi 9 884 produced by a conventi onal

it



EXAMPLE 9. heating zone 2 m in |ength, where the atno-
55 50 A substantially anorphous film (0.1 mmin sphere was maintai ned
at 140[err]C., with a t hi ckness;—density—1-128 g/ cc; no beaded -edges)
t hr ough-put speed of 15 mimn. The pre- of poly-[err]-caproam de
(relative viscosity 2.7 heated filmwas simultaneously and biaxially
when neasured at 25[err]C. in 96% sulphuric drawn for 3 seconds in a

dr awi ng zone 1.5 m aci d) was pre nqg@gg by paSS|ng through a pre in
| engt h i n an-anal-egeus—ranrer—to at

a1

about 20,@@%/mm at 120°C. The drawn 10

1,110, 623 - EXAMPLE 5.
scri bed in Ex%ulﬁgt

| ongi t udi nal :
transver se ﬁlwmetmamﬂaiaﬁdnu

er;51 y ﬂzogg)) lgtgtnéeg%)e]:f mirl W des

ly-e-caproamide (relat1v§ Qﬁ&)
MdgouAlaﬁanGQOtbe e

i Ve wamn simy g rike

S e e
284 (AYV. AmAtmspher e
e propernes of which are compared fhavi ng a

ha crilped E
t errper ature O‘Ft:ang-%gi and ngiall; E
a

film
er 1o that Cfl
0.01 M in tBhekness coihe:

and transverse directions.

k DY Gpe

S Aaﬁ%"fﬁ%ﬁ%ﬁ%ﬁ?&ﬁ% e

| Qs that descnbed in this Exampl® | Ongi t udi nal

shows the properties of the f|In1(A)

obtained 20

heat- in this exa
setting zone 3 m

t hi ckness, which was o
180[err] C under ten-

Properties

ahs@d from

to that described Elongation:

in this Exanple except 'PHEF"Heat -setting was
carried 30241 for
shrinking zone having a |l ength of about 7.5

52 gi a substantlallyzannr-
S maintained at phous™ilm(C) 0.01 nmin
190[ eoy,)B.. by nespaoef hot air

heat-set film was passesivddar ough a
tensi on at

m, 145[err]C : and
where t he atnosphere
t hi ckness produced
wth a ratio of by
15
int h| s Exanpl @\ sub@@tially amorphous film (0.1 mm. in

(A thxcknitﬁensu'y 1.130 g/cc; no beatcgef:dges)

Transparency to visible light

The drawnafil mwas pgssed through a

1 mm i n

np#e*+n—eeﬁpapksenam4
as Fg’@‘?‘“&rmﬁmere the & nPSOOkf’Iff’lFﬁrenr ¢ hdelfir nt ai ned at

t he sangmga@kﬁaterlaL_of this
sion such that the transverse dinension would Exanple in a simlar
10 be keg% constant

manner

0
300% The
10 .seconds under

Taw—

shrinkizog speeds of Eabeut61: 1 to gi ve BheShilii vtk simulfitie@ly ahd amxiflgscri bed

drawn at 130°C., with a daw opred 18] ghgut
60,000, /min, and then was treated by air

aproamide was drawn in analo- cooling to give ap improved film 0.01 mm in
Tensi |l e st I €NQ&us ‘manner to that described in Example 1 thickness. The fofx &Jﬁ' H-l‘:&‘h fi)ropernes 36800
kg/cnferr] 25 exc&;&@lﬂt kQieatrspt€ifig Was carried 0600 K @f thafils sbhained ¥ aNsver se 2000
kg/cnferr] 2000 kglcn® El ongati on:
| ongi t udi nal TeRM6 strength: 60% 300%
transverse J0tudinal 30% 1800 kg/cm?
transverse 1100 kg/cm?
Elongation:
longitudinal 1309,
transverse 90%;,
EXAMPLE 7. ple 3 with a draw speed of about 30,000,/ 40
A substantially amorphous film (0.1 mm in  min.at 130°C. and was then heat-set for 60
35 thickness; density 1.128 g/cc; no beaded edges) seconds at 180°C. under tension such that
of poly-e-caproamide (relative viscosity 3.0 dimensions would be kept constant to obtain
when measured at 25°C. in 969, sulphuric an improved film.
acid) was simultaneously and biaxially drawn The following table shows some propemes 45

inn a similar manner to that described in Exam-

of the film obtained:



Shri nkage val ue: (at 130 [err]C.) less
than 2% 5% Transparency to

visihle S nhi ~—90%4-10
[err] 90% 10 [err] 85% 10 [err]

According to the present invention, poly- VWHAT WE CLAIMI S: .-

60 amdefilrrs can be drawn with a | arger el onga-

1. A procggs for drawing a polyam qehJ i>h M tion to give
i mproved W%Mnmwm i -l t aneousl y

in 35 film and whereas various additives e.g., plasti-
the | ongitudi nal angndic siey@r se directions at a

ci zers, can be used,loggimdinapol yam de filns can d0akg/speed of fromT®, 000 to
100, 000 % m n be obt ai ned \%OME out, any additives.
However, and at a t&P&Pature within the range”s Bm 65

t he propert| es of mEungapl yam de fil nms cannot 70[err] C. to 180[err]C
which is at | east 359pwgtedi@ bel ow 1009,  be inproved by the
use of any addltlves SUch ¢h, the nelting point of thg film the ratio of the
40 as conventi onal pﬁnastl cizers. On the contrary, ‘10ng| t udi nal and

transverse draw speshdskafzanling such additives can have a
del eterious effect ®rBHMC: 1 to 0.5:1, and the dr@#ratio (as

upon the properti & of pure polyamde T11ns. herern defined) being from
16: 1to 4: 1. 70 EXAMPLE 8 put specfileb 66 i /o unglert terisioe elclaterordi ng t o
the presen Aks“bZ‘a’(‘ifNI *}“b’ ‘q’i“nﬁ Efray % oHld be kept con-

ent an A DL LDy B bl U ot ol o

pol yam de vflieﬂ If’ﬂeasured in a 51m11ar manner 5thatt @8 aRaineddt 14500 5itheagy ophd@@ress for
exanpl e focilrescnbed?sn Eyymp ksdkersismalecgg)ﬂm'lh g With actatg nfrlksa!!n@rng@w;adsrpf about 1:1 30

i sse i
e ol D R e e L e e

conpri sgs 28 i Qen Rkre the atmosphere was  Afterwardd/#h€ Shru JilﬂBwaQ reef@rgd according
to the pr assiidined amzdm Theob -hlsh&uaimetvhyl 1BAA6y éfddoplaem degwepml iprovedSfilm

i nventi on strenlcencoudp ly) V@r‘ ne- sebac iRe,
pol y-11- speed of about 17%4 min at %IOO gt rtﬁﬂ‘gg thls %ﬁ%ﬁ I’t i es

assing through a draw zone 2.5 m. in.
such 3-515 B SR o el S b dﬁoth&rﬁ @ RALCY -was pre-heated and 50
tensile strzngt he isof.ts zfneald a rliﬁol cgrdtawes&awrannheamde mmperi 22 dderjbed ytave de, or a

m Xt ur e Ofquegigcpfg —1.1: 1 in the last 0.75 m. respec- g@a ¢aF pef r l(b °F°“1‘ses4f°st ance
3 times elon- er tens1o m a sim

and el ectr aggl in % E@Ft‘#edlpﬂgém transverse scnbed above at 145°C 1ur t her nor e,

films ppendde@nsaCCcor prOCGSSan&ﬁﬁQﬂxﬂl(OgomIOmﬁﬁy tm&knas emar eced- 80
ing to the phedent fimvewthesnetplys gads hiadfe dtbmnally amgphmsatnmrwh@r el § sai d
filmis drthweeh thwt—&tung zone 2 m. in length, which was opyeR tyanal process

dr aw speed‘ ﬁl@ﬁfﬁ@@:ﬁf on ;tx‘gg%% froxnngxlz same raw mat erial as d i:};agd in thl 1 ms

accordi ng to th I nventi on obtai A process according to any of t he

preced- Properties by (t@e pr oces§§>s of the (6 1 ous exanpl es were
ing clainms wherein.s filmhas a plasticizer
observed to be s(etséddengitor vari ous Fractl cal incorporated therein.
85 longitudinaly |- 1o 200 kg/SBY udi 0P &Lt ri PP F&/FVXtile, packag-
6. A process accorgiRgst 0 any 28j xaf: Pr eR6sirg /cm: i ng, and
i nsul ating uses. ing clalns V\,herelnthe drawn filmis
heat - set Elongation: o o 1, 110, 623
11 longitudinal 90%, _ 85% 300%,
transverse 1009%, 90%, _—
Shrinkage value:
(at 100°C.) lessthan 2% 4%
Transparency to visible ‘
light 90%,/10 w 90%,/10 v 85%,/10 u
ExXaMPLE 9. heating zone 2 m. in length, where the atmo- 55

50 A substantially amorphous film (0.1 mm in sphere was maintained at 140°C., with a
thickness; density 1.128 g/cc; no beaded edges) through-put speed of 15 m/min. The pre-
of poly-s-caproamxde (relative viscosity 2.7 heated film was simultaneously and biaxially
when measured at 25°C. in 96°/, sulphuric drawn for 3 seconds in a drawing zone 1.5 m.
acid) was pre-heated by passing through a pre- in length in an analogous manner to that de- 60



scribed in Exanple 8 with a ratio of draw age value of 3% in both the

| ongi t udi ‘nal and speeds of about 1: 1 and in an atnosphere transverse
di rections, and then was cooI ed by Iilqwﬁag a terrperature of 120[er1r1]C
to give an y d aPPT-oXi-Ha y3
ti mes el ongat i %ﬁfggrgg%ﬁ}l’z‘g ewitlp aGi“ he;l;'l t?ranré‘?ﬁf 53z "rl‘?efh(‘%%x‘ it IMbI e
| ongi tudi nal, a mea 1&, 3the
fif'm (A obtai H@Gbxmﬁﬂ:ly3 times eri\ ghti &V\H)t thkmoxfxasmzaam@ knEJ@rWh'egk’oﬂ . ble I N
this exanpl & i lengiudipa raudsmswsct dhret:trrmse of ashows tsairépentigs of cheefild cm) tmnddemgt h,
where the atno- ThF (ﬁB) PECKRE exiv@iﬂl“c‘f‘i“ Rerisgp with thosesqfifer o
was i nt ai nedsﬂ‘t’,‘g@bmﬁﬁ tufsﬁe&“’ 3 ateﬁitq B Sha 7 iterial
of this Si §iéh ﬁucdhartﬂma&antdaee Himaid B Sosle claxwlsmamnmm&z nerbeX &ﬂpde&nbda a
simlar manA@r by kypttqqman@escrl bed 10 be ke thisoFsmpla texcept that heat-scmng was 25

10 s

%ss"é e‘f‘P

in this Exanpl g:
was passed thrg

TN TR

shrinki ng zonel%a(\'zmygman efnlg{t laxr,O\iuth’i @dtio of .
subst anti al 1 swipking speeds ofjpleotie] I hegizet mbEpih e mesterielss Aerivedainritiel Example. phous i | m

§m ?5‘“ for

ey dn
y X1 cpnvexdfgz

0se of a subs?a

B mnSiH Wikes

roduced

=

ol @rotdssErom Mdmﬁhﬁ&e of

oy Sezgien 15 |

a

(© 0.01 Mmin thic air, with
aratio of by a converfripemtiesl proces$A¥romthe @ne raw 150 shri nki ng .
speeds of about 1: (N R TRV Shrink- nmaterial_as described in this
Exarple. 30 I%gtiﬁgl& Pr@geiteldn®S 1800 kg/cm? (769 kg /cm® (B
)i Tensil e strength: , I ong| t udi nal
1800 Kigpngvperr]  20007gdenRg/ c R§08 kefm®

an 200Q.4gy, ./ cn 2000 kg /cnferr]
El ongat i on: longxrudmall ongi t udonal 609, 60% 3009, 60%
300% transverse ) 30% 30%
Shi'i'nkage val ue: transverse (af%%30[ err] G%° | ess tham 2%
5% TrahspareRey to visible l'i ght
90% 10.[err] 90% 1@t [3e¥Q)]less than 85%4,10 [err] 59 Acecording to the
present invention, pql V\HAT V\E CLAI M IS -
60 .amde films ¢ e(‘.}fy st h ofb, hidl.0er  edyd grocess for
drawi ng a polyam'de fi tlnn ta ﬂLIF\ II‘YTWOV({ nronprtl 'ro t he drawn
i n which the filyg aneou i I whereas varius
addi tives e. an'u@ ban be g :lﬁé;si:} mver{t;on (% é)./ &h AR

ci zers,

40

45

50

55

can beriaise @ive Palréved Ployeaids dretht dtapB
100,000 % nPh flm, andevheresss

t enperature Wi g”ﬁ*g mﬁ“@’éﬁf‘ﬁgﬁ% iiaf?,ts

pol yam de fil Mhe GRDEE

Prrrpetla%twmtst, plagly

T
idel flm

be improved by the use of any additives such
as conventional plasticizers. On the contrary,
such additives can have a deleterious effect
upon the properties of pure polyamide films.

The films obrained according to the present
invention can be utilized without any after-
treatment or finishing process for example for
industrial. packaging, textile, and commercial
uses, Films prepared according to the present
invention have improved properties such as
transparency, mechanical properties such as
tensile strength, soft feel, brightness, air and
vapor permeability, oil resistance and electrical
properties. Furthermore, films prepared accord-
ing to the present invention possess high dimen-
sional stability.

All films according to the invention obtained
by the processes of the various examples were
observed to be suitable for various practical
purposes including electrical, textile, packag-
ing, and insulating uses.
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the melting point of the film, the ratio of the
longitudinal and transverse draw speeds being
from 2:1 to 0.5:1, and the draw ratio (as
herein defined) being from 16:1 to 4: 1.

2. A process according to claim 1 wherein
said film is a linear polyamide film.

3. A process according to claim 1 or claim
2 wherein said film comprises poly-e-capro-
amide, poly-hexamethylene-adipamide, poly-
hexamethylene-sebacamide,  poly-11-amino-
undecanamide, polylaurineamide, or a copoly-
merized polyamide, or a mixture of two or
more thereof.

4. A process according to any of the preced-
ing claims wherein said film is drawn with a
draw speed of from 10,000 to 60,000%,/min.

5. A process according to any of the preced-
ing claims wherein said film has a plasticizer
incorporated therein,

6. A process according to any of the preced-
ing claims wherein the drawn film is heat-set
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be i nmproved by the use of any additives such the nelting point of the
film the ratio of the 40 as conventional plasticizers. On the contrary,
| ongi tudinal and transverse draw speeds—bei-rg——-=steh—addi-ti-ves—can have

a deleterious effect from2: 1 to 0.5:1, and the drawratio (as upon
the properties qQf puré polyamde filns. herein defined) being from16: 1
to 4. 1. 70 The filns obtained according to the present 2. A

process according to claim 1l wherein bg%ention can be utilized wyt hout
any after- said filmis a linear I\/amf} ilm 45 treatwept—or
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electrical, textile, pagkagre 6. 2M00dzaeRSS aweegehng to any of the

pr eced- i ng, and |nsulat|ng uses. ing clains
wherein the drawn fil n%“ﬁ“ﬁ?ﬁﬁ set 120,

1, 110, 623 at a tenS®&%t'Ue from 6?LZO[err]C toaterrperé’l 11. A
process as claimed in amswisethe pre 309 ture noichi gher than 10[err]C

bel ow the nelting cedi nq%I clainms wherein the process is carried poi nt
of the filmwhile sai I ntai ped out c atlnuously under
tensi on 'such that the h{ar??vé resscgarﬁl rrenj-il)% 12. A%process according to any
of the pre- 5 sion i sruspirensiiosisiblat i al | y const ant cedi ng cl ai ns
in whi ch the pol yani de ¥t m has 9%/ R kpr oceXse/Meeor di A48 Fany of
claimse 1 to a crystaltinity of not nore than 25% 5 wherein the dr awn
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amount in each ﬁ%ﬁ gflr ugé}o of any ad@ﬁ1 e§ il ‘point of the film, the ratio “of the
40 as convenuonal plasticizers. On the contrary, longitudinal and transverse draw speeds being
such additives can have a deleterious effect from 2:1 to 0.5:1, and the draw ratio (as
upon the properties of pure polyamide films. herein defined) bemg from 16:1 to 4: 1. 70
The films obtained according to the present 2. A process according to claim 1 wherein
invention can be utilized without any after- said film is a linear polyamide film.
45 treatment or finishing process for example for 3. A process according to claim 1 or claim

industrial. packaging, textile, and commercial 2 wherein said film comprises poly-e-capro-
uses. Films prepared according to the present amide, poly-hexamethylene-adipamide, poly- 75
invention have improved propernes such as hexamethylene- sebacamide, poly-11-amino-
transparency, mechanical properties such as undecanamide, polylaurineamide, or a copoly-

50 tensile strength, soft feel, brightness, air and merized polyamide, or a mixture of two or
vapor permeability, ol resistance and electrical more thereof.

properties. Furthermore, films prepared accord- 4. A process according to any of the preced- 80
ing to the present invention possess high dimen- ing claims wherein said film is drawn with a
sional stability. draw speed of from 10,000 to 60,0009, /min.

55 Al films according to the invention obtained 5. A process accordmg to any of the preced-
by the processes of the various examples were ing claims wherein said film has a plasticizer
observed to be suitable for various practical incorporated therein. 85
purposes including electrical, textile, packag- 6. A process according to any of the preced-
ing, and insulating uses. ing claims wherein the drawn film is heat-set
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1 to 10% the ratio of shrinking speeds in the 15. Drawn polyamde film
whenever pre- | ongi tudi nal and transverse directions being pared by a
_process as clained in any of the 50 fromQ0.5 1 to 2. 0: 1.

precedi ng clains. 15 8. A process according to claim7 wherein 16. A
pol yam de fil mwhi ch has been drawn t he shrunken fit r‘g.i s heat-set at a
tenperature sinultaneously in the |ongitudinal and trans- of from
120[err]C to a tenperature not higher verse directions. than -

10[ err] ¢ bel ow the melting point! g\"’ﬁ?ﬁe film 17. A polyanmide filmas
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