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having high punty and improved properties
can be achieved, and is in particular concerned
with an improvement in or modification of
the process described and claimed in copend-
ing - Application No. 4004/66 (Serial No.
1110623).

Films.of thermoplastic resins such as poly-
esters, polypropylene, polyvinyl chloride,
polyvinylidene chloride, polystyrene and poly-
carbonates, have already been prepared by
biaxial drawing techniques. However, it is
difficult to obtain polyamidé films by con-
current biaxial drawing techniqués on a com-
mercial scale owing to the various difficult pro-
perties of polyamides, for example those due
to strong hydrogen bonding and a tendency for

- mnecking-out during drawing.
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Our co-pending Application Neo. 4004/66
(Serial No. 1110623) describes and claims a
process for drawing a polyamide film in which
the film is drawn simultaneously in the fongi-
tudinal and transverse directions at a draw
speed of from 6,000 to 100,000 1% /min and
at a temperature within the range of from
70°C to 180°C which is at least 35°C below
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
hereinafter defined) bemg from 16:1 t0 4:1.

The films obtained according to the process
described and claimed in Application No.
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prior to drawing is pretreated with water and
preheated at a temperature higher than the
draw temperature. The polyamide films ob-
tained may for example be useful in the manu-
facture of bags, tapes, stnps, bands 4dnd
metallised films.

According to the present invention, we pro-
vide a process for drawmg a polyamide film
in which the film is drawn simultaneously in
the longitudinal and transverse directions at a
draw spéed of from 6,000 to 100,000 ;% /min
and at a témperature w1thm the range of from

100°C to 180°C which is at least 35°C below

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, the
said film being pretreated with water and pre-
heated at a temperature higher than the draw
temperature prior to drawing whereby water
is absorbed.

In the process accordmg to the invention, the
pretreatment with water is preferably carried
out such that the fibre absorbs at least 29%
of water (based upon the weight of the film).
The preheating is advantageously effected at
a_temperature which is below 200°C and
which is from 10 to 50°C higher than the
draw temperature.

- The process according to the invention is
oonvemently applied to substantnally amorph-
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t hi ckness maintai ned at 180[err]C, under tension such that
variation 22;
kept con- 2.

was then pas
4 min |engt

propertieg of

m mn through a heat-setting preheating zone. zone
h, where the atnobsphere was The conparative filmhad uneven
(% gauge

gauge magni fication 60 the transverse di nensi.on woul d be

5; bowi ng curvature 6/525) and other in- - stant, and
sed through a shrinking. ~ ferior 'propert’ies'- 7+ zone
h, where the atnosphere was The ,fol | owi ng ’
mal nt ai ned; Hl,3fi500[ err] C by means ©

t he

resulting fi
Propert I es.

| ongi t udi naI
transverse
El ongati o
90%

100%

(in air at 13@

e
shrinki ng19i p Flf)é\gf 3’ ﬁg _
unit area, o _%tnﬁ tﬁ:a ldegh&n L iyt O oyl iy gaV@scaﬁ?h.&ﬁﬂewfhmae@ater at
45[err]C to of friore than 30% -a8Cimare halatees than hiht 268% o 80 %) imemuted @£2580r | nkage -
a wat er cont @dvag ﬁag"'ﬁs‘!?%aar‘?{fa‘ﬂ%éqf@&dﬁw 1.130 wi t hout any-
t ensi on. - ssgfec. and-was then passed at a through- put _
70 EXAMPLE.2 de da speéd3°(%f) 154i@586)n through a =
pre-heating zone 1y§%xamemy1ene-ad1paxmde 1.24 1.0 <lLBi <11
poly-s-caproamtde. ) 1.212 1113 | <1141 <1.135
poly-1l-amino-undecanamide = 1.12 = 101 <1.040  <1.035
poly-hexamethylene-schacamide  1.157. - 1.041  <1.073  <1.067

2%

35,

LT P35 SR IRNG ok tomieiSulacty AaoPal © Crpalli

us P e and is particulafly useful i s e a-s--fol‘lowrr

when- apphed to polyam1de films compnsmg -ﬁgh fg?,lef}ﬁ&}ﬂ . .

poly - e - caproamide, poly - hexamethylene - 2000. kg/ cni @;L]{) (do) - o

adipamide, polyhexamethylene _ sebacamide, 220@alktgwc=pr[ ;. l&J( "/o)

poly - 11 - amino - undecanamide, or a co- I ongi t ud! (d) _

polymerized polyamide; and mixtures of two - 9 '

or more such polyamides. By the terﬁlr‘%sv?a{ which d is the. den31ty of the film; -+ . .

stanualhy amorphous polyamide film” vahmdam k dgis tbéageﬁk&y of the crystalline structure, -
stalhmw of not fore than sm dnleatie dsminuiel e toheryraliico of.

Polyamxde ﬁlms useful in the process of the
present invention can in general be prepared
by the following processes:
1. Excrusion of molten polymer (e.g.. T-d1e
process, inflation process, etc.);
2. Extrusion of polymer ‘solution (e.g. dry
processes or wet processes). -

Draw Speed
- The draw speeds used in the process accord-

‘ing to the invention may be cak:ulated as

follows: —

draw speed = (‘I/dz) X 100 oLt

;'.-'m which d. is: thlckness of the drawn . ﬁlm,

40
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d,-is thickness of the film before drawing, -
and t is the -time in mmutes necessary to
draw the film.

Accordmg to the present mventlon the draw

speed of the polyamide film is convemently
about 6,000 to 100,000 % J/min, and especially
good results can be obtained at draw speeds of
from 10,000 to 60,000 %,/min.

Ratw of draw ‘speeds .
Ratio of draw speeds is defined as fdﬂows

5

ratio of draw speeds = ratio: of speed of .

stretching in a longitudinal direction to that in
a transverse direction. The longitudinal and
transverse draw speeds used in the calculation
are normal or mean values of draw speeds in
the longitudinal and transverse directions from
the beginning of drawing to any: chosen’ point
reached in the: drawing process, Draw speeds
are measured at the said point. In other words,
when a film having a length 1, ‘and width h,
is drawn,. the longitudinal .draw speed-and
transverse  draw speed can . be defined re-
spectxvely as follows: : .

(/1) ix 100 % /iy and (t/hy) x 100 | %/e

where I, and h, are respect:vely the length and
width of the drawn film, which are measured
after t minutes” from the beginning of the
drawmg at an optional point on the ﬁ!m track

Draw nmo :

In industrial pracuce of biaxial and sunul—
taneous’ drawmg, it is preferred to define the
draw ratio as d,/d,, in whxch d,: is the thick-
ness of a drawn film and d, is the thickness of

~ said film before drawing. The term is used m

thls sense herem

Perceﬁt gauge mnatwn . SRt
Percent gauge variation (heremafter des:gn-

ated as %GV) indicates the evenness of a poly-
arm_de ﬁlm, and is deﬁned as fol*lows :

§%GV'=- >‘< 100_"% :

L

where &, t. and t, are respecuvely the m1m—

mum, maximum and average -thickness of a
polyamide film, and .can be measured on any -

(]

line from one: side to another sidé of the poly-_ o

amide film in the transverse direction. -

‘A smaller %GV value generally mdxestes'

better evenness.
Polyamide films produced by conventxonal

85



A substantially anorphous film (average
at nosphere was nai n-

% gauge vari ati

2 min length, where the
t hi ckness 0.1 mm

on 10; no

tained at 180[err]C with conventional hot _air . beaded edges) of
poty————caproamade (refa- nheaters. The film was drawn biaxially and -
tive vis ty 2.7 when neasured at 25[err]Cin sinultaneousty=wth a draw
speed ofrabeNt i ® 75 96% sul phuri c -aci d) Wmch had bee Qext wded

30, ¢G00 hrough a draw ng. zene, 2, m~ 85 e

1,111,3 1111 305 in t h3 where

t he at nosphere—was—rat+ JLU araw TII W|tna n|f|cat|on
tai ned at tnﬁ{i@g otsu

ver se

| ongi Ludl n. ?Veafnm%}égéﬁ

%?'i

qgnv

Pblyachide ﬁlﬁ!i awmgpeua

g

| ongi t uds nal'%GMdvaIuE ah Ewethgeabowt PO wl_tenl BC), which dj

speeds of

1to 1.3:1;

heat - setti

“aristerigls ha @ﬁ(ﬁ{"qf ont,
treated by th?g'g%:ess according t(!1

invention. On the other hand, it is ‘observed
ht the %GV valib&f A

t he at no®pliedsedeped  ngn rnhalm@etﬂvat condition

heat -setti

I0 min le

kept con-

T e one o]

meén";{,GU euher

Middiviees th¥aelitiofish

was t hen15a|vah1qsct@ioaohnd g dravma dhe tepg is’

t ransver se 44finsdas P985 ned had 'an avera

e presentp

@Mﬂmf del ﬁmxvvasg

g%v;n

ed ondoligys: oBE
&é}fﬁw ﬁw ik
61 festiaining bOWH-
ofibiatiallp dtalvm (p

hg af%ﬁé’
?{}g %F t |

ob nedl

'%f‘ WL&REF téaaﬁyl on

Qdirvature (herexadﬁtomiesxtnatt:d ot h ¢

(o)
o35o§ dr aw
gro

ide fmme wher e

Bl e G &3
er,y ﬂglﬂ defects Zzone
ad\;sﬁwges;e radrdmmauaﬂmg\ml d
sx@ehynmamswhmbyhmpmmd molyst

‘6 r%e% ggvég'm@t he

be
and

sion woul d be kept ggystanpvi;and was them thn’@nox%rtgﬁfd@sas viadm\a‘hg @d1- of 9 . and

bow ng

: ‘air-cool ed to room t enpérintsithemepipstis |ﬂkes dlemﬂ"encmiﬂ\?@{
2/ 525. The%ﬂ@ﬁ;gé@{éf%}?ﬁeﬂﬁ Vi falges after conta%'fdam ﬂg}; > fHBVPErS AR AV
aver age fHhi T NS 1SN RS DadkS di
0 008 rm# %ﬁaq,g@naea&ecaaltwt%m i d@htfw upomlhch aw wishe rnvmm;ﬁ ek

25

Al

65

70

75

i theydrawing; ahik @ GM P Bss thand inht atharethe fviatemcopiegt gha polyamide ﬁEﬂ

cates that the %GV value has been mproved
during the drawing operanon

Bowmg defects '
. When a thermoplastic ﬁlm is drawn its
centra]l portions are liable to a lag behind ‘its
edges.

This phenomenon is known as “bowmg y
and can give rise to various disadvantages

Polyamide

prior to drawing is significant, and that th

pretreatment with water followed by pre-
heating in accordance with the present inven-
tion gives a beneficial result. Preferred amounts
of water which are desirably added in the pre-
treatment of the polyamide films in ‘the pro-
cess according to the invention vary according
to the types of polyamide film and can be
exemphﬁed as follows (approx1mate values)

"Preferred water content
(% by weight of film)

Poly-e-caproamide '

Polyhexamethylene—ampamde
Polyhexamethylene-s¢bacamide

:-- Poly-11-amino-undecanamide

© 2—129%, (advantageously 2—10%)
2—10%
2—5%, -
239,

These values may however vary -largely
according to the temperature and other condi-
tions under which the film is treated.

A very high water content (for example
more than about 109 in poly - ¢ -.capro-
amide or poly - hexamethylene - adipamide
films) can give rise to disadvantages, for ex-
ample breakage of the film during drawing or
inferior properties in the drawn film. On the
other hand, a water content less than about
2% can cause various difficulties such as un-
evenness and necking-out.

Water can be added to extruded polyamide
film, which is absolutely dry; immediately after
extrusion, for example by means of a water
bath or water spray.

Larger ‘amounts of water can be added to

polyamide films in a shorter period of time at
higher temperatures, but the properties of the

drawn films may deteriorate owing to in-
creased crystallization of the film.

Water can also be added after sheet forma-
tion.” Moreover, if desired, the water may con-

u
of

operties.
E;gAI\/PL E S5

85

tain colouring matter or an antistatic agent,

etc.

After addition .of the desired amount of
water, the film is pre-heated in a pre-heating
zone, "where the atmosphere is preferably main-
tained at a temperature of about 10—50°C
~above that of the subsequent drawing zone.

The following Table 1 shows the results ob-
tamed from various experiments, in which
various amounts of water were first added to
a substantially amorphous film of poly - ¢ -

_ caproamide (0.1 mm. in average thickness; | %

gauge variation 8), and the film was then
pre-heated in a preheating zone where the
atmosphere was maintained at 180°C, and was

95
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even thickness as well as other inproved pro- A biaxially drawn fil m was

obtained in a perties. simlar
manner to that described in Exanple EXAMPLE 3 4
except that the atnospheric tenperatures in 20° A substantralty o

anor phous film (average the pre-heating and drawi ng zones were mai-n- 85
thickness 0.1 mm gauge variation 8, no tained at 160[ er®] C-ahd 140ferr]C
respectively to beaded edges) of poly:- ;11 - am no - undecan- yi.eld
a drawn fiy m havi ng a % gauge vari atgpﬂms * anide (rel ative vi scosrty
2.7 when - '

25[err]Cin & slaerrdd sdrm but B4 Q%E’ figs of Hlatv
possi bl e inc 2 ‘%";ﬁ P"%ﬁ feegugf(ﬂ e an %f‘?\g’é”
uneven thi ckness ue to ’ovvr ng trou e can wai er at 50[err]>C/to
give the filma water content be suffi %Lg tIy controlled by the process ac- -
of : about 2.1% and a density of 1.030 g/c cording to the present : )
i nvention. The fil m st oﬁnmdr@t@ynM$®dm a through- put
speed of 20 mmin t ough % re- heatr ng . EXAMPLE 6 30 zone 2
min length, where Efj t o % fhas o @V subst@mtr al lpt aggr phous film '
(aver age s thickness.
0.2 mm %gauge varidtion 8; §dter 95 T bi & al | y an@ sinul t aneously
drawn with a cont ent, 8. 6% dgrasr ty of 1. 132 g/ GGy~ O 1 draw speed of
about -17,000 % mi n tArough beaded edges) of poly - e - caproanide (rela-
a drawing zone 2.5 m3in | engths where the ti ve Ivi scosityi12.7 when neasured .
at 25[err]C 35 at m)sphere gﬁs mai nt arg1ed 1140[err]C, to draw in 96% "

sul phuric acid), whi éh had be pre- a fi'r vvitharragnification of
about 3.3 in par ed By a conveational Taxdie proagess and tg@ 100 both -
| ongi t udi nal and transverse directions at which water had been added in a-
simlar ~ arati%o of dra¥B8speeds o#t about 3:B:1 to AEnner to that
described in Exanple T, was 1. 2 1

passed at a throu kpij eed of 12 e i Ebeawn farmld ma was

passed at a %@’ ri‘@rg;mvéa e g@ﬁé‘gw put
speed of G§ ld- £ Qb BOY ma € raabd TS0 W}'iﬁxd 20
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thereon. There was 0.9 min Iength Wnere t he at m)sphere was 110
obtained a biaxially drawn film havi ngﬂ%ﬁ mai nt ai ned at 160[err] C by

conventional infra- Effect of pre-heat and draw temperature on film properties

Temperature of

Test pre-heating 'drawing. R
No. Zone Zone _ % GV _ GM _ BC'._x 525 K
7 200 60 9 1.1, 2 .
8 180 160 12 1.5 3
9 180 140 9 1.1 1
10 160 140 13 i6 3 -
11 160 20 i2 1.5 4
12 120 100 e ui 5
13 . 180 180 21 2.6 2
14 160 600 33 2.9 3
15 40 40 25 3.1 5
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to the invention are from 6,000 to 100, 000
% /min. A draw speed less than about 6000
%/min can give rise to disadvantages such
as for example necking-out and even breakage.

. A draw speed more than 100,000 ;% /min

can also give rise to breakages or necking-out.
At any point on-the surface of the polyamide
film during drawing the ratio of the longi-
tudinal and eramsfer draw speeds must be
from 2:1 to 0.5:1 in the process according
to the invention. A polyamide film can be
drawn at various ratios of draw speeds, it
the ratio must in general be maintained within
a range from 0.5 to 2.0 when the ratio of the
thickness of a drawn film to that of the mat-
erial before drawing is to be less than 0.25.
The draw ratio is from 16:1 to 4:1. A draw
ratio higher than about 16:1 can give rise to
non-uniformity or partlal breakage of the films
obtained, while a ratio less than about 4:1
can also give rise to various difficulties. In
addition, such a low draw ratio does not yield
films having particularly desirable properties,
and is not therefore useful for drawing poly-
amides on a commercia] scale.

The present invention also provides a further
series of treatment steps including heat-shrink-
ing and heat-setting, the heat-shrinking being
preceded if desired by an additional heat-
setting step, whereby improved properties and
in particular good dimensional stability can be
obtained.

. According to a further feature of the present
invention,- a film which has been drawn as
hereinbefore described is heated, preferably for
about 1 second to 1 minute, at about 120°C
to a temperature not higher than 10°C below
the melting point of the film to heat-set the
film and improve its propertics. The period
of time for heat-setting depends upon the
thickness of the drawn film, temperature of

etc.

Such a drawn film has improved properties, -
although it is difficult to remove distortions
from the resulting film by the above mentioned
heat-setting process, in partlcular where im-
proved dimensional stability is required.

According to yet a further feature of the
present invention, the shrinking step for the
removal of distortion of the drawn film com-
prises .shrinking a drawn film simultaneously
and biaxially at a ratio of shrinking speeds of
about 0.5:1 to 2.0:1, to an extent of about
1--10%,, and from about 120°C to a temper-
ature about 10°C below the melting point of
the film.

The ratio of shrinking can be deﬁned as
follows; _

d.c' ~dg
x 100%

ratio of shrinking =
) 3

in which d, -and d, are the thicknesses of the
polyamide film before and after shrinking, re-
spectively.

The films obtained according to .the present

- caproanide sinmlar to that described in
heat-setting and desireq properties of the film;
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invention can be utilized without any after- °

treatment or finishing process for example in
the packaging and, textile industries. Films pre-
pared according to the present invention may
have desirable properties such as transparency,
mechanical properties such as high tensile
strength, soft feel, brightness, air and vapour
permeability, oil resistance, good _electrical
properties and high dimensional stability.

95

The following Examples illustrate the inven- -

“tiofi:

EXAMPLE 1
A substantially amorphous film (average
thickness 0.1 mm; 9% gauge variation 8; no
beaded edges) of poly - € - caproamide (rela-_
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Exanple 6 was treated in an anal ogous manner % m n. 5 to that
described in Exanple 6 except that it 10. A process according to any of
the pre- was given a water content of 2.1%to yield a ceding

clfarns_wherein the drawn filmis heat- fi'mhavi ng an aver age
thl?fﬂ of 0.022 mm -set at a tenperature not higher t Y err] C

% g hge riation of 11; and bow ng curva- - bel ow t he 0|nttof0¢he
filkgwhP¥e said 70 ture of, 56525. The fil m ned shefed
that “fikmis maintained under teqqupgﬁsuch ‘that the - ~ 710 theg

i ncreas 1 » -

subst ant i alffy v'é‘}sﬁty 27 when measured at 25 Ervitr %T ‘st 1k
uric acid) wa a in both the ..
ac- stant trudmg é‘peed of 12 m/ﬂm&s?oéxat hgn fﬁa t%ah& ,;;anggiy:s%‘f 711
A pl‘ 0Cess abd¥ertional qr -dhé) ce’%t vg3empl n.'hm heat-set by passing throu S él'Al Ml S
5 extruder, and was immepdiate edgetp af | dom 1 g 13!1:;1 Iwh thst [atnaosphend 75

1. A pr oce%‘ﬁe’f i i ;ﬁa?a‘q'ﬁ iﬁ Cf |‘P 2?‘% ﬁ ;’FPtn?a!: a'and
tyansver se lbibéihd filSwater content of ab %e Fgg%under 0
si mul t aneoyméayurédnby Khrl a?lstlefr.pmethbd) raad far otﬁauldeeD kept rc]nﬁ‘tattp akdO wds0
t he | onghot gensigapt hig &/ ﬁsmeiraseé' affer thist i qoeled tgtroom tetpperagwe torwendilwualhg p0| nt of
the film bypcafm wes pre- hesed by B J@g 'gitﬂ flmy e 0B 2Yegee GBCkeRY 04 ni

8-

h- ut gee ]gflfz ém
amount in & i Teh ] whero G t Nghe atrno?phenc tem mnﬂadwe?é nidas- 45
t enper at ur ephmetmsmaidme\edangw%fbyfqom- ural 0.9 e fabawh % mpReps- | Nt he

| ongi t udi>natons %@’fm-fed heaters. T Je teg 280 tewm @nwh’ﬂzehﬁlm@batled east

35[err] C b%?tsh am‘gﬁé‘%ﬁ%f § n 7 auge Orrexg p:'g: : 20
| oW t he melérig:fqaO defned)f ol Blsdud ¢ |22mec e Jaﬁ&nl rvhture %)gThegftilhn 50 the
| ongi t udj naﬂlml!xha dtm%@eﬂ@ﬁmméqaﬂédsmetahzﬂﬁm ﬁa @&B&&Mﬁm dgng to cl ai m-

11 wher et®n ?H?PP%;% ki W“Sa?d 8 cronvgrtioppl amnm, opossessed  gkaellenk il mi-s

dra a magni datmn

1 w E
heat - set  alof goofCiTh attHé'ﬁ itudinal and trans- from16.1
to 4:1, oOfveke d:m:tibﬁé){nerr Fapif of dra@ speapafr %E%ﬁm&as un”ﬁé}:;}f:& ?6%
the°§a| d flab [i)ell ng. pretreated wt h mt@monamthmmmxnﬂmﬂg ve] écepe thawy- the :
”E"._ti' ng B %ﬁg ﬁﬁiﬂg\% ‘{get at& a‘hfm‘%“’geéﬁ%‘é? Rrfgmehe t han t he
whi e nai ntzaderllxﬁ@l heré @ ﬂ‘h&a&mpﬁﬁ@é’ﬁiﬁmeﬂ'tﬁckﬂéé or to

dr ai ng ‘whemiined. kretsp°¢,h:ed¢ rtmm/sctseatdl (% 128120 Narti&rs P2 NgatiR] hagnifi@bLr 601 S

abs®r be the transverse dnnensmn would ‘be kept. qeny %rhowmg curvature 6/525) and oth@ inA process
stan as ssed through

aCCOfd' r tz(‘;he ﬁé’r@ih@atmotb? % pr 8%6'? Hg}i‘%‘ gwsttge lf’éemes oi.pl aims 1°

sai d flniaﬁidnﬁdat ZD(llPEaByﬁﬁ o e aik,l | tﬁ&resulnngtﬁ rawmn fil m ;
|s shrunk sinmul- 30 =~ 3. CA process according to elther of clalms 1
taneously in both t ~and-trans-. and 2 wherein the said film
conprises poly - verlérepedqef ections at a tenperature from 120[err] C :
[err] - caproam de, t hylene - adip- up to 10[err]C bel ow the
nmel ti ng point of thelO’P?'nXQE&“’%},l poly - hexanethyl ene --sebacamide, film by
an amount in each direbhgimdindf from 95 poly - 20b8 kg/ca®i Noundecanani de, or
a copoly- "1to 10% the ratlo of _shr.i nking: speeds I'n

k/cmll e .
_.Elongauon,_ N . | ) | : ;
longitudinal T e
wansverse - SR 0wy
e oy

(m air at 130 C)

. Shnnkage value is the ratio of shrmkmg in’ a slmtlar ‘manner to that descnbed in Ex— -
per unit area, obtamed by deavmg a film for- ample 1,-was dipped in water at-45°C to- give' -
30. minutes in het air to gwe free shrmkage a water content .of 4.5%, and density of 1.130
o w1thout any tension. - _ s g/cc and ‘was then passed-at “a through-put’
: 70 .~ EXAMPLE 2 speed of 15 m/min through a pre-heating: zone 80
A substantially amorphous ﬁlm (average 2 m in length, where the atmosphere ‘was- mam- o
: - thickness' 0.1 mm; % gauge variation 10; no tained at 180°C with conventional- hot -air ° =
* beaded edges) of poly - ¢ - caproamide (rela- heaters. The film was drawn biaxially and "
~ . tive viscosity 2.7 when measured at 25°C in simultaneously with a draw speed of- about - S
75 96% sulphuric acid) which had been extruded .30 000 %/mm through a drawmg zone 2 m 8

. .
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TZ. A process accordi ng T Cl alm 13 wherein

and
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the shrunk filmis heat-set at a

40 2%

treated ahd pre-heated so as to absorb at
of from 120[err]C to a tehperature not higher
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out corml WasQbisid el ned at 180°C by means of howwi, g Isﬁantpﬁndt\im thein |
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ce th th r1c temperatures in
tmg and drawmg zones were majn-
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jes.crystal - 80
of not .nore than 30%
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ynfoem craseciar ding to.
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19. A pro
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to 120 30
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200[ err] Cd,a
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- zone 2 m In length, whegecthe

er content
030 g/cc.
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pﬁtcspa&yf o mydauﬁ tmmgh a pﬁd—l&o n

ed
d?o?aa@?ut 3.

etmosphere was mai
a magnification

b vgf%lsdmal and transverse directions at
a ratio of draw speeds of about 0.8:1 to
1.2: 1 .

The drawn ﬁlm was passed at a through-
put speed of 66 m/min through a heat-setting
zone 2 m in length, where the atmosphere was
maintained at 145°C, under tension such that

. the transverse dimension would be kept con-

stant, and was ‘then cooled to room temper-
ature by blowing cool air thereon. There was
obtained a biaxially drawn film having an
average thickness of.0.01 mm, %, gauge varia-
tion of 9; and bowing curvature of 1/525.
This film had well balanced properties and

an even thickness so that it could be easily

wound up on a spool and could be treated
very easxly :
A sub " EXAMPLE 4
substantially amorphous poly - ¢ ~ capro-
amide film 0.1 mm thick (density of 1.130
g/cc; % gauge variation 8;) was -dipped in

- water to give it a water content of 4.5% and

60

65

was immediately passed at a through-put speed
of 15 m/min through a pre-heating zone 1.5
m in length, where the atmosphere was main-
tained at 200°C, and was then drawn with a
draw speed of about 27,000 %, /min for about
2 seconds through a drawing zone 1.0 m in
length, where the atmosphere was maintained

be sufficiggtly

l%rdmg o the present mv ion.

€- ca oamide (rela-

2\
o\%xeﬁ) rrﬁéﬁ

pared by a conventional T-die process and to

which water had been added in a similar.

mannef to that described in Example 1, was
passed at a through-put speed of 12 m/mm
through a pre-heating zone 2 m in length,
where the atmosphere was maintained at
180°C by conventional infra-red heaters, and
was simultaneously and biaxially drawn - with
a draw speed of about 24,000 [%/min for
about 2.2 seconds through a drawing zone
0.9 m in length, where the atmosphere was
maintained at 160°C by conventional infra-
red heaters, to draw a film with a magnifica~
tion of 3 in both the longitudinal and trans-
verse directions at a ratio of draw speeds of
about 1: 1.

The draw film was passed at a through-put
speed of 36 m/min through a_ heat-setting
zone 6 m in Jength, where the atmosphere was
maintained at 200°C, under tension such that
the transverse dlmensmn would be kept con-
stant, and was then air-cooled to yield a. bi-
amallv drawn film having an average thickness
of 0.022 mm, % gauge variation of 7; and
bowing curvature of 0. These values show that
this film has well balanced properties and very
even thickness. It is apparent that the increase
in unevenness due to the drawing can be with
advantage prevented by the process according
to the present invention. .
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EXAMPLE 7
A substanti al

|s dravvn with

the pre=—

1,111, 305
9. A process according to any of the preced-
ing clainms wherein the said film

| y anor phous filmof poly -

- caproamde srmTar
0, 000 to 60, 000
% m n. '
> 10., A pr.ocess i 2
was given . a wat er content of 2.1%to yréld a
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havi ng an average thi cknsage@f7 0. 022 mm
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r’rgll wher

rati 68 the shrskgalmuﬂs
bei ng2from %6. lsunprdceasac@

is absorbed.

and 2 wherein the said film comprises poly. -

"€ - caproamide, polyhexamethylene . adip-

amide, poly - hexamethylene - sebacamide,
poly - 11 - amvinedecanaraide, of a copoly-
merized polyamide, or a mixture of two or
more thereof.

4, A process according to any of the pre-
ceding claims wherein the said film is

2%, of water (based upon the welght of the
film).

5. A process according to exthet of laims
1 and 2 wherein a film of poly - -~ capro-

amide or poly - hexamethylene .. adipamide
" is pretreated and preheated so as to absorb

from 2 to 109, of water (based upon the
weight of the film).

6." A process according to e1ther of clalms 1
and 2 wherein a film of poly-hexamethylene-
sebacamide is pretreated and pre-heated so as
to absorb from 2 to 5%, of water (based upon
the weight of the film).

7. A process according to e1ther of: claims 1
and 2 wherein a film of poly-11-ami
amide is pretreated and pre-heated so as to
absorb from 2 to 3%, of water (based upon
the weight of the film).

8. A process according to any of the pre-
ceding claims wherein the said film is pre-
heated 1o a.temperature which is below 200°C
and which is from 10 to 50°C hlgher than ‘the
draw temperature. -

qO
el nPir s,

i@ pitht @l [clalnis] IC fafeodlyt it rHoI thd longhudiodl ahd

Rl gip LV

decan--

to ag'y 0
ﬁx{ £l shru

verse directions at a temperature from 120°C
up to 10°C below the melting point of the
film: by an amount in each direction of from
1 to 10%, the ratio of shrinking speeds in
the longitudinal and transverse directions being

from 0.5:1 to 2.0: 1.

‘14. A process accordmg to claim 13 wherein

pre-  the shrunk film is heat-set at a temperature
treated and pre-heated so as to absorb at least -

of from 120°C to a temperature not higher
than 10°C below the melting point of the film
while said- film is maintained under tension
to keep the transverse dlmensxon substanna‘.!ly
constant.

15. A process as clalmed in any of the pre-
ceding claims wherein the ptocess is carried
out continuously.

16. A process as claimed i in any of the pre-
cedmg claims wherein the said polymme film
is a-linear polyamide film’ havmg a crystal-
linity of not more than 30%,.

17. A process as claimed in cliim 16 where-
in the said polyamide film is a linear poly-
amide film having a crystaﬂlmty of not more
than 259;. .

- 18. A process according to clalm 1 sub-
stantlallly as herein described. -

e,)mdr aw o
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polyamide

110

115

©19. A process according to claim 1 sub-

stantially as herein described with reference to
any of the Examples. :

20. Drawn polyamide film whenever pre-
pared by a process as clalmed in any of the
precedmg clalms .
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the said filmbeing pretreated with water and
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of the.fi poy - 11 wmodecasage, o & ‘%1&5
t he pre- 0 35 merized polyamide, or a o S
pol

clains'1 ceding obozd theeofiherein the said
and 2. -wherein a flm‘m%g;;’géﬁwt‘ &%Eg’!ﬂm@f‘epre*'
treated and pre-heated so as to absatb é@l%m. ey

having a crystal -

pre-heated so ag 2 Bf tyteOfbasBdlupdiiDthe weightnof 3000
absorb from2 to Eﬁwa wat er (based upon
claim 16 where- A_process accordigg) to eifher f=tlaims

int he sai d pol yar;]nqﬁé f}w crein & ﬁlm Ofyﬁoé%r- eaa-g e
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ner D-fI cl & s prkireage ade pfreglbmdhavasn:g dhsogly Y
iherein a fiff éftogwgﬁgﬂirmffm(WdUWEth
] weilg t of the fil

6. A: process accordmo to either of claims 1
and 2 wherein a film of poly-hexamethylene-
sebacamide is pretreated and pre-heated so as
to absorb from 2 to 5%, of water (based upon
the weight of the film).

7. A process according to either of claims 1
and 2 wherein a film of poly-11-aminqundecan-
amide is pretreated and pre-heated so as to
absorb from 2 to 39, of water (based upon
the weight of the film).

8. A process according to any of the pre-
ceding claims wherein the said film is pre-
heated to a temperature which is below 200°C
and which is from 10 to 50°C higher than the
draw temperature.
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process as claimed in any of the pre-
ceding claims wherein the said pelyame film
is a-linear polyamide film having a crystal-
linity of not more than 30%.

17. A process as claimed in claim 16 where-
in the said polyamide film is a linear poly-
amide film having a crystallinity of not more
than 25.9%.

18. A process according to claim 1 sub-
stantiaily as herein described.

19. A process according to claim 1 sub-
stantially as herein described with reference to
any of the Examples.

20. Drawn polyamide film whenever pre-
pared by a process as claimed in any of the
preceding claims.
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amde is pretreated and pre-heated so as to

18. A process according to

claim 1 sub- absorb from2 to 3% of water (based upon

55 the weight of the filn.

stantial Ly as, her 'H described.
19. A process according to claim 1 sub-

8. A process

;according to any ow he*pre- stantially as herein described wth reference

‘to 120 N , cedlng claims wherein the said filmis pre- any
.of the Exanpl es. ' heated to a. tenperature whi ch is bel ow
200[err]C 20. Drawn pol yam de ?l I mmever pre- 9 . and
whi ch i | ai med
in any.of the : M%m*éa&ture

precgdi,ng cl ai ns. Chartered Patent Agents 1,111, 305

9 . : Eﬁp‘enilhbusé;pm ic

FRANK B. DEHN & CO., 15—19 Kingsway, %arter ed Pat ent Agents,

| rperi al House, - London, W.C2.

15- 19 Ki ngsway,

London, W-C 2. p;RH4l Q on t f t he Couri er
- 2. p Eéa'f&t;ﬁﬂmis Gy Stk s S J}@bﬁéwm% 0§In@r w&e&xm&& dpk QodaY

Press, Leam ngPudlshdd[pa the R$ s@ireshida)\Bufi
Bui | di ngs, London, WC. 2, from RimiecHey be m«_t
may be. obt ai ned.

* c L ] s *

w.CX kb @hic25  Sout hanpt on
copi es



