
6                             1,111,305             tive viscosity 2.7 when
measured at 25[err]C in  with a ratio of shrinking speeds of about  1:1
96%  sulphuric acid) was extruded at an ex-  to give a shrinkage value of
6% in both the             truding speed of 12 m/min by means of a
longitudinal and transverse directions, and was 35             conventional
T-die process using a 65 mm   then heat-set by passing through a
heat-setting         5  extruder, and was immediately dipped into a  zone 1
m in length, where the atmosphere was             water bath, which was
maintained at 45[err]C  maintained at 200[err]C by means of hot air, at
and which had an effective length of 36 m,  a through-put speed of about 36
m/min under             to give the film a water content of about 8.3%
tension such that the transverse dimension  40             (measured by
Karl Fischer's method) and a  would be kept constant, and was then air-
10  density of 1.130 g/cc. Immediately after this  cooled to room
temperature to give a biaxially             the film  was pre-heated by
passing at a  drawn film having an average thickness of
through-put speed of 12 m/min through a pre-  0.01 mm.             heating
zone 2 m in length, where the atmo-   The atmospheric temperatures were
meas-  45             sphere was maintained at 180[err]C by conven-  ured
0.5 cm above the film tracks in the pre-         15  tional infra-red
heaters. The pre-heated film  heating and drawing zones. The film obtained
was then simultaneously and biaxially drawn  had an even thickness and well
balanced pro-             with a draw speed of about 24,000 %/min (as
perties (% gauge variation 7; gauge magnifi-             hereinbefore
defined) for about 2.2 seconds  cation 0.9; bowing curvature 0.). The film,
50             through a drawing zone about 0.9m in length,  metalized in
vacuum  with aluminium by a        20  where the atmosphere was maintained
at  conventional technique, possessed  excellent             140[err]C, to
draw a film with a magnification  surface properties.             of about
3 in both the longitudinal and trans-    For comparison purposes, another
biaxially             verse directions at a ratio of draw speeds of  drawn
film was prepared under similar con- 55 about 1: 1.
ditions to those described above except that        25    The drawn film
was passed at a through-put  it had a water content of 1.2%  before the 



speed of 36 m/min through a heat-setting  preheating zone.             zone
1 m in length, where the atmosphere was    The comparative film had uneven
thickness maintained at 180[err]C, under tension such that  (%  gauge
variation 22; gauge magnification  60 the transverse dimension would be
kept con-  2.5; bowing curvature 6/525) and other in-        30  stant, and
was then passed through a shrinking    ferior properties.             zone
4 m in length, where the atmosphere was    The following table shows the
properties of             maintained at 200[err]C by means of hot air,  the
resulting film according to this example.
Properties                              Tensile Strength:
longitudinal                           2000 kg/cm[err]
transverse                             2200 kg/cm[err]
Elongation                                longitudinal
90%                               transverse
100%                              Shrinkage value
(in air at 130[err] C.)                 Shrinkage value is the ratio of
shrinking  in a similar manner to that described in Ex-             per
unit area, obtained by leaving a film for  ample 1, was dipped in water at
45[err]C to give             30 minutes in hot air to give free shrinkage
a water content of 4.5% and density of 1.130             without any
tension.                        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 main-             thickness 0.1 mm; % gauge variation 10; no
tained at 180[err]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[err]C in  simultaneously with a draw
speed of about        75  96% sulphuric acid) which had been extruded
30,000 %/min through a drawing zone 2 m  85
1,111,305                                       7         in length, where
the atmosphere was main-  at 160[err]C, to draw a film with a magnification
tained at 140[err]C by conventional hot air  of about 3 in both the
longitudinal and trans- heaters, to draw a film with a magnification of
verse directions at a ratio of draw speeds of        about 4 in both
longitudinal and transverse  about 1:1.    5  directions at a ratio of draw
speeds of about   The drawn film was passed at a through-put 70        1.0:
1 to 1.3:1.                             speed of 45 m/min through a
heat-setting          The drawn film was passed at a through-  zone, where
the atmosphere was maintained at        put speed of 60 m/min through a
heat-setting  200[err]C with hot air, under tension such that        zone
10 m in length, where the atmosphere  the transverse dimension would be
kept con-    10 was maintained at 180[err]C by means of hot air, stant, and
was then air-cooled. The film ob- 75        under tension such that the
transverse dimen-  tained had an average thickness of about 0.01
sion would be kept constant, and was then  mm, %  gauge variation of 9; and
bowing        air-cooled to room temperature to give a bi-  curvature
2/525. These values show that the        axially drawn film having an
average thickness  film obtained has an improved evenness as    15  of
0.006 mm, %gauge variation 14, and bow-  well as other improved properties.
80        ing curvature 2/525. The obtained film had an           EXAMPLE 5



even thickness as well as other improved pro-    A biaxially drawn film was
obtained in a        perties.                                     similar
manner to that described in Example          EXAMPLE 3                    4
except that the atmospheric temperatures in   20    A substantially
amorphous film (average  the pre-heating and drawing zones were main- 85
thickness 0.1 mm; gauge variation 8; no  tained at 160[err]C and 140[err]C
respectively to        beaded edges) of poly - 11 - amino - undecan-  yield
a drawn film having a % gauge variation        amide (relative viscosity
2.7 when measured at  of 13 and bowing curvature of 5/525. This
25[err]C in 96% sulphuric acid) was made with a  Example shows that any
possible increase in   25  conventional T-die process and was dipped in
uneven thickness due to bowing trouble can  90        water at 50[err]C to
give the film a water content be sufficiently controlled by the process ac-
of about 2.1% and a density of 1.030 g/cc.  cording to the present
invention.        The film was immediately passed at a through-        put
speed of 20 m/min through a pre-heating             EXAMPLE 6    30  zone 2
m in length, where the atmosphere was   A  substantially amorphous film
(average        maintained at 160[err]C. The pre-heated film was  thickness
0.2 mm; % gauge variation 8; water 95        biaxially and simultaneously
drawn with a  content 8.6%; density of 1.132 g/cc, no        draw speed of
about 17,000 %/min through  beaded edges) of poly - e - caproamide (rela-
a drawing zone 2.5 m in length, where the  tive viscosity 2.7 when measured
at 25[err]C    35 atmosphere was maintained at 140[err]C, to draw  in 96%
sulphuric acid), which had been pre-        a film with a magnification of
about 3.3 in  pared by a conventional T-die process and to 100        both
longitudinal and transverse directions at  which water had been added in a
similar        a ratio of draw speeds of about 0.8:1 to  manner to that
described in Example 1, was        1.2:1.
passed at a through-put speed of 12 m/min    40    The drawn film was
passed at a through-  through a pre-heating zone 2 m in length,        put
speed of 66 m/min through a heat-setting  where the atmosphere was
maintained at 105        zone 2 m in length, where the atmosphere was
180[err]C by conventional infra-red heaters, and        maintained at
145[err]C, under tension such that  was simultaneously and biaxially drawn
with        the transverse dimension would be kept con-  a draw speed of
about 24,000 %/min for    45  stant, and was then cooled to room temper-
about 2.2 seconds through a drawing zone        ature by blowing cool air
thereon. There was  0.9 m in length, where the atmosphere was 110
obtained a biaxially drawn film having an  maintained at 160[err]C by
conventional infra- 



average thickness of.0.01 mm, % gauge varia-  red heaters, to draw a film
with a magnifica-        tion of 9; and bowing curvature of 1/525. tion of
3 in both the longitudinal and trans-    50  This film had well balanced
properties and  verse directions at a ratio of draw speeds of        an
even thickness so that it could be easily  about 1:1.
115        wound up on a spool and could be treated    The draw film was
passed at a through-put        very easily.
speed of 36 m/min through a heat-setting                        EXAMPLE 4
zone 6 m in length, where the atmosphere was    55    A substantially
amorphous poly - [err] - capro-  maintained at 200[err]C, under tension
such that        amide film 0.1 mm thick (density of 1.130  the transverse
dimension would be kept con- 120        g/cc; % gauge variation 8;) was
dipped in  stant, and was then air-cooled to yield a bi-        water to
give it a water content of 4.5% and  axially drawn film having an average
thickness        was immediately passed at a through-put speed  of 0.022
mm, % gauge variation of 7; and    60  of 15 m/min through a pre-heating
zone 1.5  bowing curvature of 0. These values show that        m in length,
where the atmosphere was main-  this film has well balanced properties and
very 125        tained at 200[err]C, and was then drawn with a  even
thickness. It is apparent that the increase        draw speed of about
27,000 %/min for about in unevenness due to the drawing can be with
2 seconds through a drawing zone 1.0 m in  advantage prevented by the
process according    65 length, where the atmosphere was maintained  to the
present invention.                  1 ,111,305
EXAMPLE 7                      9. A process according to any of the preced-
A substantially amorphous film of poly -  ing claims wherein the said film
is drawn with                  - caproamide similar to that described in  a
draw  speed of from  10,000 to 60,000 



Example 6 was treated in an analogous manner  %/min.            5  to that
described in Example 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
claims wherein the drawn film is heat-               film having an average
thickness of 0.022 mm; set at a temperature not higher than 10[err]C
% gauge variation of 11; and bowing curva-  below the melting point of the
film while said  70               ture of 5/525. The film obtained showed
that  film is maintained under tension such that the           10  the
increase in the uneven thickness could be  transverse dimension is kept
substantially con-               remarkably well controlled by the process
ac-  stant.               cording to the present invention.             11.
A process according to claim 10 wherein                  WHAT WE CLAIM IS:
-                       the heat-set film is shrunk simultaneously in  75
1. A process for drawing a polyamide film  both the longitudinal and
transverse directions           15  in which the film is drawn
simultaneously in  at a temperature from  120[err]C up to 10[err]C
the longitudinal and transverse directions at a  below the melting point of
the film by an               draw speed of from 6,000 to 100,000 %/min
amount in each case of from 1 to 10%, the               and at a
temperature within the range of from   ratio of shrinking  speeds in the
longitudinal 80               100[err]C to 180[err]C which is at least
35[err]C be-  and transverse directions being from 0.5: 1 to           20
low the melting point of the film, the ratio of  2.0:1.               the
longitudinal and transverse draw speeds    12. A process according to claim
11 wherein being from 2:1 to 0.5:1, and the draw ratio  the shrunk film is
heat-set at a temperature               (as herein defined) being from 16.1
to 4:1,  of from 120[err]C to a temperature not higher  85
the said film being pretreated with water and  than 10[err]C below the
melting point of the film  25  pre-heated at a temperature higher than the
while maintaining said film under tension to  draw temperature prior to
drawing whereby  keep the transverse dimension substantially  water is
absorbed.                          constant.                  2. A process
according to claim 1 wherein   13. A process according to any of claims 1
90  said film is a linear polyamide film.     to 9 wherein the drawn film
is shrunk simul-  30    3. A process according to either of claims 1
taneously in both the longitudinal and trans-  and 2 wherein the said film
comprises poly -  verse directions at a temperature from 120[err]C
[err] - caproamide, polyhexamethylene - adip-  up to 10[err]C below the
melting point of the     amide, poly - hexamethylene - sebacamide, film by
an amount in each direction of from  95  poly - 11 - aminoundecanamide, or
a copoly-  1 to 10%, the ratio of shrinking speeds in 



35  merized polyamide, or a mixture of two or  the longitudinal and
transverse directions being               more thereof.
from 0.5: 1 to 2.0: 1.                 4. A process according to any of the
pre-   14. A process according to claim 13 wherein               ceding
claims wherein the said film is pre-  the shrunk film is heat-set at a
temperature 100               treated and pre-heated so as to absorb at
least  of from 120[err]C to a temperature not higher           40  2%  of
water (based upon the weight of the  than 10[err]C below the melting point
of the film               film).                                      while
said film is maintained under tension                  5. A process
according to either of claims  to keep the transverse dimension
substantially                1 and 2 wherein a film of poly - [err]  capro-
constant.                               105                amide or poly -
hexamethylene   adipamide    15. A process as claimed in any of the pre-
45  is pretreated and pre-heated so as to absorb  ceding claims wherein the
process is carried                from  2 to 10%  of water (based upon the
out continuously.                weight of the film).
16. A process as claimed in any of the pre-  0                  6. A
process according to either of claims 1  ceding claims wherein the said
polyamide film  110                and 2 wherein a film of
poly-hexamethylene-  is a linear polyamide film having a crystal-
sebacamide is pretreated and pre-heated so as  linity of not more than 30%.
to absorb from 2 to 5% of water (based upon   17. A process as claimed in
claim 16 where-           50  the weight of the film).
in the said polyamide film is a linear poly-                  7. A process
according to either of claims 1  amide film having a crystallinity of not
more 115   and 2 wherein a film of poly-1 1-amino-undecan-  than 25%.
amide is pretreated and pre-heated so as to   18. A process according to
claim  1 sub-                absorb from 2 to 3%  of water (based upon
stantially as herein described.           55  the weight of the film).
19. A process according to claim  1 sub-                  8. A process
according to any of the pre-  stantially as herein described with reference
to 120                ceding claims wherein the said film is pre-  any of
the Examples.                heated to a temperature which is below
200[err]C  20. Drawn polyamide film whenever pre-                and which
is from 10 to 50[err]C higher than the  pared by a process as claimed in
any of the           60  draw temperature.
preceding claims.    



8                                      1,111,305
EXAMPLE 7                      9. A process according to any of the preced-
A substantially amorphous film of poly -  ing claims wherein the said film
is drawn with                      - caproamide similar to that described
in  a draw  speed of from  10,000 to 60,000                    Example 6
was treated in an analogous manner  %/min.              5  to that
described in Example 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 claims wherein the drawn film is heat-                    film
having an average thickness of 0.022 mm;  set at a temperature not higher
than 10[err]C                    % gauge variation of 11; and bowing curva-
below the melting point of the film while said  70                    ture
of 5/525. The film obtained showed that  film is maintained under tension
such that the                10  the increase in the uneven thickness could
be  transverse dimension is kept substantially con-
remarkably well controlled by the process ac-  stant.
cording to the present invention.              11. A process according to
claim 10 wherein                      WHAT WE CLAIM IS: -
the heat-set film is shrunk simultaneously in  75                      1. A
process for drawing a polyamide film  both the longitudinal and transverse
directions                15  in which the film is drawn simultaneously in
at a temperature from  120[err]C up to 10[err]C                    the
longitudinal and transverse directions at a  below the melting point of the
film by an                    draw speed of from 6,000 to 100,000 %/min
amount in each case of from 1 to 10%, the                    and at a
temperature within the range of from  ratio of shrinking speeds in the
longitudinal 80                    100[err]C to 180[err]C which is at least
35[err]C be-  and transverse directions being from 0.5: 1 to
20  low the melting point of the film, the ratio of  2.0:1.
the longitudinal and transverse draw speeds    12. A process according to
claim 11 wherein                    being from 2: 1 to 0.5: 1, and the draw
ratio  the shrunk film is heat-set at a temperature (as herein defined)
being from 16.1 to 4:1, of from 120[err]C to a temperature not higher 85 



the said film being pretreated with water and  than 10[err]C below the
melting point of the film      25  pre-heated at a temperature higher than
the  while maintaining said film under tension to      draw temperature
prior to drawing whereby  keep the transverse dimension substantially
water is absorbed.                           constant.      2. A process
according to claim 1 wherein    13. A process according to any of claims 1
90                    said film is a linear polyamide film.      to 9
wherein the drawn film is shrunk simul-      30    3. A process according
to either of claims 1  taneously in both the longitudinal and trans-
and 2 wherein the said film comprises poly -  verse directions at a
temperature from 120[err]C                    [err] - caproamide,
polyhexamethylene - adip-  up to 10[err]C below the melting point of the
amide, poly - hexamethylene - sebacamide,  film by an amount in each
direction of from  95      poly - 11 - aminoundecanamide, or a copoly-  1
to 10%, the ratio of shrinking speeds in                35  merized
polyamide, or a mixture of two or  the longitudinal and transverse
directions being                    more thereof.
from 0.5: 1 to 2.0: 1.                       4. A process according to any
of the pre-    14. A process according to claim 13 wherein
ceding claims wherein the said film is pre-  the shrunk film is heat-set at
a temperature 100                    treated and pre-heated so as to absorb
at least  of from 120[err]C to a temperature not higher                40
2%  of water (based upon the weight of the  than 10[err]C below the melting
point of the film                    film).
while said film is maintained under tension                       5. A
process according to either of claims  to keep the transverse dimension
substantially                     1 and 2 wherein a film of poly - e -
capro-  constant.                                   105
amide or poly - hexamethylene - adipamide    15. A process as claimed in
any of the pre-         45  is pretreated and pre-heated so as to absorb
ceding claims wherein the process is carried                     from  2 to
10%  of water (based upon the  out continuously.                     weight
of the film).                           16. A process as claimed in any of
the pre-  0                       6. A process according to either of
claims 1  ceding claims wherein the said polyamide film  110
and 2 wherein a film of poly-hexamethylene-  is a linear polyamide film
having a crystal-                     sebacamide is pretreated and
pre-heated so as  linity of not more than 30%.                     to
absorb from 2 to 5% of water (based upon    17. A process as claimed in
claim 16 where-                50  the weight of the film).
in the said polyamide film is a linear poly-       7. A process according
to either of claims 1  amide film having a crystallinity of not more 115
and 2 wherein a film of poly-11-amino-undecan-  than 25%. 



amide is pretreated and pre-heated so as to    18. A process according to
claim  1 sub-                     absorb from 2 to 3%  of water (based upon
stantially as herein described.                55  the weight of the film).
19. A process according to claim  1 sub-                       8. A process
according to any of the pre-  stantially as herein described with reference
to 120                     ceding claims wherein the said film is pre-  any
of the Examples.                     heated to a temperature which is below
200[err]C  20. Drawn polyamide film whenever pre-                     and
which is from 10 to 50[err]C higher than the  pared by a process as claimed
in any of the                60  draw temperature.
preceding claims.                                           1,111,305
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