
EP 0 236 091  B1 Description BACKGROUND OF THE INVENTION 5  Field of the
Invention This invention relates to a continuous process for bonding and
stretching a fibrous polyolefin nonwoven sheet. In particular, the
invention concerns such a process wherein the sheet temperature is varied
during the stretching. When the bonding and stretching are performed
without such temperature variation, the 10 resultant sheet is significantly
less uniform in thickness than sheet prepared in accordance with the
present process. Description of the Prior Art 15     Processes for
manufacturing fibrous nonwoven sheets from polyolefin polymers are well
known in the art. For example, Steuber, U. S. Patent 3,169,899 discloses
depositing flash-spun plexifilamentary strands of polyethylene film fibrils
onto a moving receiver to form a nonwoven sheet. Methods for assembling
fibers deposited from a plurality of positions onto a moving receiver are
disclosed by Knee, U. S. Patent 3,402,227 and Farago, U. S. Patent
4,537,733. 20        Several methods are known in the art for bonding and
stretching fibrous polyolefin nonwoven sheets. A particularly useful
method, especially suited for use in making lightweight nonwoven sheets of
polyethylene plexifilamentary film-fibril strands, is disclosed by Lee, U.
S. Patent 4,554,207. Lee discloses a process that includes (a) forming a
sheet of flash-spun, polyethylene plexifilamentary film-fibril strands, (b)
lightly consolidating the thusly formed sheet, (c) heating the sheet
without significant stretching to a temperature 25 that is in the range of
3 to [err] below the melting point of the polyethylene, (d) then, while
maintaining the sheet at that temperature, stretching the sheet in at least
two stages to at least 1.2 times its original length and (e) finally,
cooling the heated-and-stretched sheet to a temperature of less than [err],
preferably by first cooling through one surface of the sheet and then
through the opposite surface. At substantially all times when the sheet
temperature is [err] or higher during the heating, stretching and cooling
steps, forces are 30 applied perpendicular to the surface of the sheet to
restrain transverse shrinkage of the sheet. The process of Lee is
illustrated with the simultaneous bonding and stretching of a fibrous
polyethylene nonwoven sheet by passage over a series of heated rolls which
reduces the unit weight of the sheet by as much as a factor of two. The
aforementioned methods have been technically useful and commercially
successful In the manu- 35 facture of wide nonwoven sheets, particularly of
polyethylene plexifilamentary film-fibril strands (e.g., "Tyvek" spunbonded
olefin, manufactured by E. I. du Pont de Nemours & Co.). However, sheet
uniformity problems are encountered in the known manufacturing processes,
especially when lightweight sheets are made. Thin and thick areas are
sometimes encountered in the lightweight sheets. An object of the present
invention is to provide an improved process for making a bonded-and- 40
stretched fibrous polyolefin sheet that has improved thickness uniformity,
even in very light unit weights. SUMMARY OF THE INVENTION The present
invention provides an improved continuous process for bonding and
stretching a fibrous 45 polyolefin nonwoven sheet. The process is of the
type in which the nonwoven sheet first is heated to a bonding temperature
that is near but below the melting point of the polyolefin, the heated
sheet is then stretched to at least 1.2 times its original length in at
least two stages, and then the stretched sheet is cooled to a temperature
below [err]. At substantially all times when the sheet is at a temperature
of 1000C or higher during the heating, stretching and cooling steps, forces
are applied perpendicular to the sheet 50 surface. The improvement of the
present invention is characterized from this known process in that
immediately after the sheet has been heated without significant stretching
and is being advanced to the first stretching stage, the sheet temperature
is decreased by 5 to 40C and then the sheet is subjected alternately to
heating and cooling in the subsequent stretching stages of the process.
Preferably, the sheet temperature is decreased from the bonding temperature
by 10 to [err] as it is being forwarded to the first 56 stretching stage.
Generally, during the alternate heating and cooling of the sheet during the
subsequent stretching, the sheet temperature is increased to no higher than
the bonding temperature and decreased to no lower than 1 00C. Preferably,
the sheet temperature varies during the alternate heating and cooling by at
least 5C and by no more than [err]. Most preferably, the sheet temperature
varies by 10 to 25C during 2 



EP 0 236 091 B1 the alternate heating and cooling. BRIEF DESCRIPTION OF THE
FIGURE 5     The invention will be further understood by reference to the
attached drawing which is a schematic flow diagram of a preferred, multiple
heated-roll apparatus for carrying out the improved bonding-and-stretching
process of the present invention. DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS 10 The present invention will now be described and illustrated
in detail with regard to a preferred method for bonding and stretching a
wide, lightweight, nonwoven sheet of polyethylene plexifilamentary
film-fibril strands. The process is of the general type described in detail
in Lee, U. S. Patent 4,554,207, the entire disclosure of which is hereby
incorporated herein by reference. Although the present description will be
15 directed primarily to the processing of such a fibrous polyethylene
nonwoven sheet, in its broadest aspect, the present invention is intended
to embrace the processing of other fibrous polyolefin materials. These
include fibrous sheets, webs, and other like nonwoven fabrics made of
homopolymers of ethylene, propylene and the like and copolymers thereof.
The known processes for bonding and stretching fibrous polyolefin nonwoven
sheets include the steps 20  of heating the sheet without significant
stretching to a bonding and stretching temperature that is close to but
below the melting point of the polyolefin. For example, the polyethylene
plexifilamentary nonwoven sheets of U. S. Patent 4,554,207 are heated to a
temperature that is in the range of 3 to [err] below the melting point of
the polyethylene and then during two or more stretching stages is
maintained at, or very near, that temperature before the final step of
cooling without stretching. At all times while the temperature 25 of the
sheet is at a temperature of [err] or higher, forces are applied
perpendicular to the surface of the sheet to prevent excessive transverse
shrinkage. The process of the present invention is an improvement over the
process just described. During the stretching of the sheet in two or more
stages, instead of maintaining the sheet substantially constant at a
temperature that is within 3 to [err] below the melting point of the
polyolefin, in accordance with the present 30 invention, the temperature of
the sheet is first decreased, usually by 5 to [err] as the sheet enters the
first stretching stage, and then during the further stretching, the sheet
is alternately heated and cooled, so that the sheet temperature is varied
over a 5 to 35Cwide temperature range, before the final cooling to a
temperature below [err]. During the alternate heating and cooling during
stretching, the sheet temperature is usually maintained no higher than the
initial bonding temperature to which the sheet was heated and is 35 usually
not decreased below [err]. Although the lower temperatures of these ranges
can be tolerated by the sheet for short transient periods during
stretching, maintaining the temperature of the sheet at low temperature for
a longer period of time leads to excessive stresses and tearing of the
sheet. In order to obtain the greatest benefits from the process of the
present invention with regard to sheet thickness uniformity, operation in
the upper portions of the set forth temperature ranges Is preferred. 40
Accordingly, preferred ranges for the initial reduction in temperature from
the temperature that is near the melting point of the polyolefin and for
the temperature variation thereafter are respectively 10 to [err] and 15 to
[err]. During the stretching, the preferred temperatures of alternate
heating and cooling vary between 105 and [err]. The process of the
invention is useful over a wide range of unit weight and stretch ratios for
a variety of 45 polyolefin sheets. However, for the preferred
plexifilamentary film-fibril strand polyethylene nonwoven sheets, the
preferred range of starting weights for the sheets before bonding and
stretching is 35 to 70 [err]; the preferred range of total longitudinal
stretch ratios is 1.25 to 1.7; and the preferred number of stretch stages
is three or four. Within the general range of starting weights, the process
is more effective with lighter weight sheets than with heavier weight
sheets. 50     The sheet temperature referred to hereinbefore is the
temperature at the midplane of the sheet cross- section at any particular
location along the bonding and stretching process. This temperature may be
determined by conventional heat transfer calculations from measurements of
the temperatures of the 



equipment heating the sheet and the surface temperature of the sheet
itself. The temperature reported herein at any given roll is that of the
sheet midplane after the sheet has travelled over a 120-degree arc of 55
the roll. Preferred starting materials for the process of the present
invention are fibrous nonwoven sheets of flash-spun linear polyethylene
plexifilamentary film-fibril strands. These starting sheets can be prepared
by the general techniques of Steuber, U. S. Patent 3,169,899 or more
particularly by the specific method 3    EP 0236091 B1 disclosed in Lee, U.
S. Patent 4,554,207 at column 4, line 63 through column 5, line 60. In
accordance with the process of the present invention, a starting sheet is
fed into the type of equipment depicted in the schematic flow sheet of the
attached drawing and described more specifically in the Examples below. As
shown in the drawing, starting sheet 40 is advanced over a series of rolls.
The 5  temperature of the sheet is raised from room temperature to the
desired bonding temperature by being passed over internally oil-heated
steel rolls 50, 51, 52 and 53. As the sheet enters the stretching stages of
the equipment, the sheet is cooled by roll 54 and then alternately heated
and cooled in the succeeding stretching stages as it is passed in contact
with internally oil-heated steel rolls 54, 55, 56 and 57. Rolls 50, 51, 52,
53 and 54 operate so that substantially no stretch is imposed upon the
sheet by these rolls. 10  "Substantially no stretch" means that in passage
of the sheet from roll 50 to 54, the sheet is maintained under sufficient
tension by operating each successive roll at a slightly faster speed than
the preceding one, but usually no more than 1% faster. Thereafter, while
the sheet is alternately heated and cooled by successive rolls operated
with different oil temperatures, the speed of the sheet is increased in
passing from roll 54 to 55, from roll 55 to 56 and from roll 56 to 57, to
provide three stages of stretch. Then, in 15  succession, cooling is
applied to one surface and then the opposite surface of the sheet by
internally cooled steel rolls 58 and 59. At any time when the sheet
temperature is at [err] or higher during its passage from inlet idler roll
80 to exit idler roll 81, forces are applied perpendicular to the sheet
surface to prevent it from shrinking excessively in a transverse direction.
As illustrated in the attached drawing, corona discharge wands 85 and 20 86
place an electrostatic charge on the sheet which causes an attractive force
to hold the sheet in close contact with the rolls. Pairs of steel S-wrap
rolls 60/61, 62/63, 64/65, 66/67 and 68/69 and rubber-coated nip rolls 70
through 76, as well as the tension placed on the sheet in its passage
through the equipment, provide mechanical forces perpendicular to the
sheet. These forces also aid in maintaining intimate contact of the sheet
with the heating, stretching and cooling rolls. To further minimize
transverse shrinkage, the 25  paired S-wrap rolls are positioned to
minimize the free unrestrained length of heated sheet (i.e., sheet that is
at a temperature of at least [err]). The resultant sheet product 90 is then
wound up. Various sheet characteristics have been referred to herein and
are also mentioned in the Examples below. These characteristics are
determined by the following methods. In the test method descriptions, ASTM
refers to the American Society of Testing Materials, TAPPI refers to the
Technical Association of 30  Pulp and Paper Industry, and AATCC refers to
the American Association of Textile Chemists and Colorists. Unit weight is
measured in accordance with TAPPI-410 OS-61 or ASTM D3776-79 and is
reported in [err] Tensile properties are measured in accordance with
TAPPI-T-404 M-50 or ASTM D111 7 1682-64 and are reported in Newtons. Note
that the tests are performed on 1-inch (2.54-cm) wide strips. 35
Elmendorf tear strength is measured in accordance with TAPPI-T-414 M-49 and
is reported in Newtons. Delamination resistance is measured by using an
Instron Tester, 2.5 cm x 7.2 cm line contact clamps,and an Instron
Integrator, all manufactured by Instron Engineering, Inc., of Canton,
Massachusetts. Delamination of a 2.5 cm x 17 cm specimen is started
manually across a 2.5 cm x 2.5 cm edge area at about the midplane of the
sheet by splitting the sheet with a pin. One end of one of the split layers
is 40  placed in one of the line clamps and the corresponding end of the
other split layer is placed in the other line clamp and the force to pull
the sheet apart is measured. The following Instron settings are used with a
"C" load cell: gauge length of 10.1 cm; crosshead speed of 12.7 cm per
minute; chart speed of 5.1 cm per 



minute; and full scale load of 0.91 kg. Delamination resistance equals the
integrator reading divided by the appropriate conversion factor which
depends on the load cell size and the units of measurement. 45
Delamination is reported in Newtons/cm. Gurley-Hill permeability is
measured in accordance with TAPPI-T-460 M-49 and is reported in
sec/100[err] Hydrostatic head is measured in accordance with AATCC 127-77
and is reported in centimeters. Opacity is determined by measuring the
quantity of light transmitted through individual 5.1-cm (2-in) 50  diameter
circular portions of sheet. An E. B. Eddy Opacity Meter, manufactured by
the Thwing Albert Instrument Company is used for the measurement. The
opacity of the sheet is determined by arithmetically averaging at least 15
such individual determinations. An opaque sheet has a measured opacity of
100%. Thickness, as well as unit weight, can be determined with a nuclear
weight sensor such as a Measurex 2002 beta gauge manufactured by Measurex
Systems, Inc. of Cupertino, California. Such a gauge was used 55  for
measuring the thickness of the sheets produced in the examples. About
27,000 points are measured on a 3 foot x 10 foot (0.91 m x3.05 m) sample to
determine the average thickness or unit weight and the standard deviation
of the data. The thickness uniformity is reported as a coefficient of
variation, which is the statistically determined standard deviation of the
measurements, expressed as a percentage of the average 4    EP 0 236 091 B1
value. Temperature of the sheet surface can be measured with a conventional
pyrometer. Temperature of the fluids heating and cooling the rolls can be
measured with conventional thermocouples. The temperature of the sheet at
its midplane can be calculated from these measurements. For these
calculations, the heat 5  transfer characteristics of the roll walls and
the nonwoven sheet itself, as well as the heat transfer coefficients from
the roll fluid to the roll wall and from the roll surface to the nonwoven
sheet, should be known. These can be determined empirically as noted in the
Examples below. The major benefit obtained by use of the present invention
in comparison to the prior-art process, in which the bonding and stretching
temperature is maintained substantially constant, is in the ability of the
10 present process to produce bonded and stretched sheets of superior
thickness uniformity without any significant loss of opacity, strength or
other sheet characteristic. In this paragraph, a hindsight explanation or
theory is offered as to why the present stretching process produces an
improved sheet uniformity. This explanation is not intended to limit the
scope of the present invention, but merely to give a better understanding
of it. The present inventor noted that near the melting 15 point of the
sheet polymer, a small variation in temperature results in a large change
in the stress strain characteristics of the sheet. A small increase in
temperature results in the sheet requiring much less tension to stretch it.
Conversely, a small decrease in temperature makes the sheet more difficult
to stretch. Thus, when a sheet that has small nonuniformities, in the form
of thick and thin regions, is heated and cooled during stretching, the
thick sections retain their temperature longer and are easier to stretch
for a relatively 20  longer period of time than the thin sections. The thin
sections lose their heat and temperature more readily and are therefore
more difficult to stretch. As a result, when the sheet is stretched, the
thicker sections are reduced more in cross-section than are the sections
that were originally thinner. The over-all result is a sheet with
significantly improved thickness uniformity. 25 EXAMPLES 1-4 In these
examples nonbonded, lightly consolidated, nonwoven sheets of polyethylene
plexifilamentary film-fibril strands are bonded and stretched with the
sheet temperature being varied during stretching in accordance with the
invention. The resultant sheets are compared to those made from the same
starting 30 sheet material but stretched and bonded to the same extent at a
substantially constant temperature in accordance with the methods of the
prior art. The operating speeds and temperatures of the rolls and the
sheets are given in Table I. The physical properties of the resultant
bonded and stretched sheets are listed in Table II along with the their
thickness uniformity. Note the advantageous feature of the invention in
providing sheets having much less variation in thickness than do sheets
made in accordance with the prior- 



35 art method. The starting sheet used in these examples is made
substantially as described in Example 1 of U. S. Patent 4,554,207. The
equipment used to stretch the sheet to about one-and-a-half times its
original length is the same as that described hereinbefore and depicted in
the attached drawing. All the rolls shown in the drawing are 1.65 meters
long. Rolls 50 through 53 and 59 are each 0.61 meter in diameter. Rolls 54
40 through 58 are each 0.203 meter in diameter. Nip rolls 70 through 76 and
idler rolls 80 and 81 are 0.102 meter in diameter. Corona discharge units
85 and 86 located about 3 cm above the surface of correspond- ing rolls 50
and 52 are operated at an average voltage of about 11 kilovolts and an
average current of about 300 microamps to electrostatically pin the sheets
to the rolls. Other operating conditions, temperatures, roll speeds and
stretch ratios are given in Tables I and II. Note that samples made in
accordance with the 45 invention are labelled with arabic numbers; those
made as controls in accordance with the prior art are labelled with capital
letters. Before running the tests described in these examples, roll oil
temperatures and sheet surface temperatures were measured as described for
the conditions in Example 1 of U. S. Patent 4,554,207. For the sheets used
in that example and these Examples 1-4, it was found empirically that the
following heat so transfer coefficients and thermal properties correlated
measured and conventionally calculated temperatures very well. These values
were then used to calculate by conventional techniques the midplane
temperatures of the sheet at various locations in the process. 55 5    EP 0
236 091 B1 Thermal  Properties Sheet         Roll 5             Thermal
Conductivity BTU/ft    [err]/ft                      0.05          15
(Watts/[err])                          (0.087)        (26) Heat Capacity
BTU/[err]                               0.8           0.11 10
(Joule/[err])                           (3350)         (460) Density [err]
22.6          .490 [err]                                (0.36)
(7.85) 15 Heat Transfer Coefficients BTU/[err] (Watts/[err]) At Rolls
50-53,59      54 - 58 Fluid to roll wall    400 (2270)    400 (2270) Across
roll wall      720 (4090)    720 (4090) Roll to sheet         150 (850)
100 (570) Across sheet          470 (2670)    470 (2670) Sheet to
atmosphere    2.2 (12.5)  3.5 (19.9) 25 The results of the tests and
computations show that the operation of the bonding and stretching in
accordance with the present invention results in a much more uniform sheet
thickness. Comparison of the samples made in accordance with the invention
in Examples 1 and 2, wherein the sheet was heated to [err] then as it
entered the first stretching stage was cooled to [err] and then alternately
heated and 30  cooled in successive stretching stages, with controls A and
B wherein the temperature of the sheet was maintained substantially
constant during the stretching after being heated to [err] clearly shows
the advantage of the process of the invention in producing sheets of better
thickness uniformity. Note that in comparison to Sample 1, Control A has
thickness coefficient of variation that is 1.27 times larger. Similarly,
comparison of the uniformity of the sample and control of Example 2 shows
the control to be 1.57 times 



35 worse in thickness uniformity. The advantage of the process of the
present invention is also shown by similar comparisons in Examples 3 and 4
wherein the control had a larger coefficient of variation in thickness than
the sample of the process of the invention by a factor of 1.21 and 1.35,
respectively. 40 45 50 55 6    EP 0 236 091 B1 TABLE I - OPERATING SPEEDS
AND TEMPERATURES 5 Example 1                 Example 2 Temperature, [err]
Temperature, C Roll     Speed  Sample  Control    Speed   Sample  Control
no.    m/min   [err]  [err]   [err]  Ts   m/min   [err]  [err]   [err]
[err] 50      29.9   93  88   93  88      29.9   93  88   93  88 51
29.9   93  90   93  90      29.9   93  90   93  90 52      30.5  136 129
136 129      30.5  136 129  136 129 53      30.5  136 131  136 131
30.5  136 131  136 131 54      30.5   93 105  136 129      30.5   93 105
136 129 15         55      34.1  138 117  138 129      33.2  138 117  138
129 56      37.8  116 115  138 130      36.0  116 115  138 130 57      41.1
138 122  138 130      38.7  138 122  138 130 58      41.5   26  75   26  75
39.0   26  69   26  75 59      41.5   13  -    13  -       39.0   13  -
13  - 20 Example 3             Example 4 50      30.5   93  88   93  88
30.5   93  88   93  88 51      30.5   93  90   93  90      30.5   93  90
93  90 25         52      31.1  135 128  135 128      31.1  135 128  135
128 53      31.1  140 136  140 136      31.1  140 136  140 136 54      31.1
127 127  138 133      31.1  127 127  138 133 55      36.9  138 128  138 131
36.9  138 128  138 131 56      42.7  135 128  135 130      36.9  127 125
135 130 30         57      48.8  127 125  135 129      48.8  135 125  135
129 58      49.1   26  80   26  83      49.1   26  82   26  83 59      49.1
13  -    13  -       49.1   13  -    13  - Notes: 35              1.  [err]
is the temperature of the heating oil in the [err]. T  is the temperature
of the surface of the sheet. 2. A blank,-, signifies that the sheet surface
40                 temperature was not precisely determined. 40
However, the temperature was below 40 C. 45 50 55 7  



EP 0 236 091 B1 THE II - SUMMARY OF DATA Example
2               3                4 5    Sample Identification     1      A
2       B        3      C        4       D Stretch Ratio[err] Stage 1
(54-55)             1.118           1.084            1.186
1.186 Stage 2 (55-56)      1.109              1.084            1.157
1.157 10       Stage 3 (56-57)           1.089             1.075
1.142 Overall (50-59)              1.4              1.3             1.6
1.6 Sheet Final Speed,m/min    41.5                  39.0            49.1
49.1 15       At Roll 53              132    132       132      132
137    137       137    137 At Roll 54            105     130    105
130       127    133       227    134 At Roll  56              119    131
119          131          129     132     129       13 At Roll 56
116      131       116    131       129    131       125    131 At Roll  57
123    131       123      131       126    130       126   130 Sheet
Characteristics Unit weight [err] Initial            41.0   41.0      41.0
41.0       52.3   52.3      52.3   52.3 Final                34.9   32.9
35.6   35.6     39.7    36.3       32.2   33.9 Tensile strength, N 25
Longitudinal     104     86        110    118         153       152
131     162 63     52       58      58       57     50        41     47
Breek elongation Longitudinal           7.8    6.3         8.1    8.8
6.6    6.9       6.3    7.5 22.4   17.6     19.8   17.9    18.9   19.1
13.1   15.4 30         Tear strength N Longitudinal           3.2    3.7
4.9    3.8      3.3    2.4       3.2    2.4 Transverse          3.6    4.4
3.6    3.8       4.0    3.9      4.0    3.2 Delamination [err]   0.5    0.4
0.4    0.5       0.5    0.6      0.9    0.8 Permeability           12.4
15.0      18.4   10.7     19.3   15.6      16.8   18.5 35       Hydrostatic
heed , cm     nm       nm     nm    193    150        196    173 Opecity ,
%           86      86       88     85        82     79       82    78
Final thickness 0.11   0.10     0.12   0.10      0.10   0.10  0.10   0.09
Uniformity, [err]        17.2   21.8      16.1   25.2    19.1   23.2
15.0   20.3 40 Notes :  1. Stength is the  calculated longitudinal and is
the ratio of the fast-to-slow roll speed.  The particular rolls involved in
each stage numbered in accordance with the attached drawing , are included
in paratheses 45               2. The recorded  temperature is the
calculated temperature for the midplane of the sheet. 3. Gurley Hill
permeability in sec/100 [err] 4. Thickness uniformity is expressed as a
percetage coefficient of variation of measured thickness. 5. [err] means
that no measurement was made. 50 Claims 55  1. A continuous process for
bonding and stretching a fibrous polyolefin nonwoven sheet wherein the
sheet is first heated to a bonding temperature that is near but below the
melting point of the polyolefin, then is stretched in at least two stages
to at least 1.2 times its original length and then is cooled to a 



temperature below 60 C, and wherein forces are applied perpendicular to the
sheet surface during the 8    EP 0 236 091 B1 TABLE II- SUMMARY OF DATA
Example          1              2               3              4 Sample
Identification       1     A        2         B     3      C        4
D Stretch Ratio[err] Stage 1 (54-55)           1.118           1.084
1.186             1.185 Stage 2 (55-56)             1.109            1.084
1.157           1.157 10       Stage 3 (56-57)            1.089
1.075           1.142           1.142 Overall (50-59)            1.4
1.3             1.6             1.6 Sheet Final Speed m/min     41.5
39.0             49.1            49.1 Sheet Temperature[err] 15      At
Roll 53            132      132   132    132      137   137      137    137
At Roll 54           105    130       105      130      127   133      127
134 At Roll            119             131       119    131      129    132
129    132 At Roll  56            116    131    116    131         129
231      125    131 At Roll 57             123    131         123    131
126     130      126       130 Sheet Characteristics Unit weight, [err]
Initial            41.0  41.0    41.0  41.0         52.3  52.3    52.3
52.3 34.9  32.9    35.6   35.6  39.7   36.3           32.2   33.9 25
Tensile strength, N Longidutinal       104    86           110   118
153    152    131    162 Transverse           63     52       58      58
57     50      41      47 Breek elongation        % Longitudinal
7.8    6.3      8.1    8.8      6.6    6.9      6.3    7.5 Transverse
22.4   17.6    19.8  17.9    18.9  19.1    13.1   15.4 30       Tear
stength   N Longitudinal 3.2    3.7              4.9    3.8      3.3   2.4
3.2    2.4 Transverse           3.6    4.4      3.6    3.8      4.0    3.9
4.0    3.2 Delamination  [err]   0.5    0.4      0.4    0.5      0.5    0.6
0.9    0.8 12.4   15.0    18.4  10.7    19.3  15.6    16.8  18.5 35
Hydrostatic heed[err]      nm      nm         193    150      196    173
Opecity, %                85      86       88    85        82     79
82      78 Final thickness Average ,nm          0.11   0.10      0.12
0.10     0.10   010      0.10   0.09 17.2   21.8    16.1  25.2    19.1
23.2    15.0   20.3 40 Notes : 1. Strength is the calculated  longitudinal
stretching and is the ratio of the fast-toslow roll speed. The particular
rolls involved in each stage, numbereed in accordance with the attacheed ,
are included in parentheses. 45              2. The recorded temperature is
the calculated temperature for the midplane of the sheet. 3. Gurley-Hill
permeability in sec/100 [err] 4. Thickness uniformity is expressed as a
percentage coefficient of variation of measured thickness. 50
5.[err] means that no measurement was made. Claims 55 1. A continuous
process for bonding and stretching a fibrous polyolefin nonwoven sheet
wherein the sheet 



is first heated to a bonding temperature that is near but below the melting
point of the polyolefin, then is stretched in at least two stages to at
least 1.2 times its original length and then is cooled to a temperature
below [err], and wherein forces are applied perpendicular to the sheet
surface during the 8    EP 0 236 091 B1 heating, stretching and cooling
when the sheet temperature is at [err] or higher, characterised in that the
sheet temperature is decreased by 5 to [err] immediately after the sheet is
heated to the bonding temperature and as the sheet is being forwarded to a
first stretching stage, and in that the sheet is then alternately heated
and cooled in subsequent stretching stages of the continuous process. 5 2.
A process as claimed in claim 1 wherein the nonwoven sheet is formed of
flash-spun, plexifilamentary film-fibril strands of linear polyethylene,
the bonding temperature is within 3 to 8 C below the melting point of the
polyethylene, the sheet has a unit weight before stretching in the range of
35 to 70 g/m2, and the sheet is stretched longitudinally in three or four
stages to 1.25 to 1.7 times its original length. 10 3  A process as claimed
in claim 1 or claim 2 wherein the sheet temperature is decreased from the
bonding temperature by 10 to [err] as the sheet is being forwarded to the
first stretching stage. 4. A process as claimed in any one of claims 1 to 3
wherein the alternate heating and cooling during the is     subsequent
stretching increases the sheet temperature to no higher than the bonding
temperature and decreases the sheet temperature to no lower than [err] 5. A
process as claimed in any one of the proceding claims wherein the sheet
temperature during the alternate heating and cooling varies by at least
[err] but by no more than [err]. 20 6. A process as claimed in claim 5
wherein the sheet temperature during the alternate heating and cooling
varies by 10 to 25 C. Revendlcatlons 25 1. Proc6d6 continu pour Her et
6tirer une feuille non tiss6e de fibres de polyoldfine, dens loquel la
feuille est tout d'abord chauff6e a une temperature de liage qui est proche
du point de fusion de la polyol6fine, mais infdrieure a celui-ci, puis est
ttir~e en au moins deux stades a au moins 1,2 fois sa longueur originale et
est ensuite refroidie & une temperature infdrieure & 60 C, et dans loquel
des 30     forces sont appliqu6es perpendiculairement & la surface de la
feuille au cours du chauffage, de l'dtirage et du refroidissement lorsque
la feuille se trouve & une temperature de 100 C ou davantage, caractdris6
en ce que la temperature de la feuille est rdduite de 50 C a 40 C
immddiatement aprbs que la feuille a 4t4 chauffee & la temperature de liage
et tandis que la feuille est achemin6e & un premier stade d'6tirage, et en
ce que la feuille est ensuite alternativement chauff6e et refroidie au
cours 35     de stades d'6tirage ultnriours du proced6 continu. 2. Proced6
selon la revendication 1, dans lequel la feuille non tissee est formee de
brins de fibrilles pelliculaires plexifilamentaires fil6es par
filage-eclair en poly6thylene lineaire, la temperature de liage se K>
situe 3 & 8 C en dessous du point de fusion du polyethylbne, Ia feuille a
un poids unitaire avant 4tirage 40     do l'ordre de 35 a 70 g/m2, et la
feuille est 6tiree longitudinalement en trois ou quatre stades A 1,25 A 1,7
fois sa longueur originale. a. Proc6d6 selon la revendication 1 ou 2, dans
lequel la temperature de la fouille est reduite de 10 & 25' C A partir de
la temperature de liage tandis quo la feuille est en cours d'achominement
au premier 45     stade d'6tirage. 4. Proc6d6 selon l'une quelconque des
revendications I & 3, dans lequel les op6rations alterneos de chauffage et
de refroidissement au cours de l'6tirage ulterieur augmentent la
temperature de la feuille a une valeur non superieure a la temperature de
liage et reduisent la temperature de la feuille a une 50     valour non
inferioure A 1000C. 5. Procede selon l'une quelconque des revendications
precedentes, dans loquel la temperature de la 



feuille au cours des operations alterndes de chaufFage et de
refroidissement varie d'au moins 5 C, mais pas de plus de 350 C. 55 6.
Procede selon la revendication 5, dans lequel la temperature de la feuille
au cours des operations alternees de chauffage et de refroidissement varie
de 10 & 250 C. I IIIII 11111   11111 111111    EP 0 236 091 B1
Patentanspriche 1. Kontinuierliches Verfahren zurn Binden und Verstrecken
einer fasrigen Polyolefinnonwoven-Folle, be! dem die Folie zuerst auf
Bindundstemperatur erhitzt wird, die in der Nahe, aber unterhalb des 5
Schmelzpunktes des Polyolefins liegt, und dann in mindestens zwei Stufen
auf das mindestens 1 ,2fache der ursprlnglichen LUnge verstreckt und dann
auf eine Temperatur unterhalb 60 * C gekUhit wird, wobei senkrecht auf die
Folienoberflache wahrend des Erhitzens, Verstreckens und KUhlens, wenn die
Folientemperatur 100 * C oder hOher ist, Krafte angesetzt werden, dadurch
gekennzeichnet, dass die Folientemperatur unmittelbar,nachdem die Folle auf
Bindetemperatur erhitzt ist und wahrend tO     die Folie zu einer ersten
Streckstufe gefordert wird, um 5 bis 40 *C emiedrigt wird, und dass die
Folie dann abwechselnd erhitzt und gekohit wird in aufeinanderfolgenden
Streckstufen des kontinuierlichen Verfahrens. 2. Verfahren wie in Anspruch
1 beansprucht, bei dem die Nonwoven-Folie aus flashgesponnenen, 15
plexusfadenartigen Folienfibrillen-Str~ngen von linearem Polyethylen
gebildet ist, die Bindetemperatur innerhalb von 3 bis 8 *C unterhalb des
Schmelzpunktes des Polyethylens liegt und die Folie ein Einheitsgewicht vor
dem Strecken im Bereich von 35 bis 70 g/m2 hat und die Folie in
Langsrichtung in drei oder vier Stufen auf das 1,25- bis 1,7fache ihrer
ursprOnglichen LAnge verstreckt wird. ~o    3. Verfahren wie in Anspruch 1
oder 2 beansprucht, bei dem die Folientemperatur von der Bindetempera- tur
um 10 bis 25 * C vermindert wird, wenn die Folie der ersten Streckstufe
zugeflhrt wird. 4. Verfahren wie in einem der AnsprUche 1 bis 3
beansprucht, bei derm das abwechselnde Erhitzen und KUhlen w~hrend der
nachfolgenden Verstreckung die Folientemperatur auf nicht mehr als die
Binde- 25     temperatur erhoht und die Folientemperatur auf nicht
niedriger als 100 * C verringert wird. 5. Verfahren wie in elnem der
vorhergehenden AnsprUche beansprucht, bei dem die Folientemperatur w~hrend
des abwechselnden Erhitzens und KOhlens um mindestens 5 IC, aber um nicht
mehr als 35 *C, variiert. 30 6. Verfahren wie in Anspruch 5 beansprucht,
bei dem die Folientemperatur w~hrend des abwechselnden Erhitzens und
KUhlens um 10 bis 25 * C variiert. 35 K- 40 45 50 55 10    


