
I 8 N VEMBER 2004 PROCESS FOR MANUFACTURING ELASTICALLY STRETCHABLE AND
CONTRACTIBLE COMPOSITION SHEET The present invention relates to a process
for  5 Manufacturing an elastically stretchable and contractible  composite
sheet comprising a web capable of elastic stretch  and contraction and a
fibrous web Capable of inelastic  extension. Japanese Patent Publicatio;-i
No. 1.996-5Q4 ;93A disclo es  10 a multi-layered elastic panel, as one e
a-r.ple of this type  of composite sheet, and a process of manufacturing
the same.  This manufacturing process of a multi-iaye ed elastic panel
involves arranging a rubber elastic layer and an inelastic;  fibrous layer,
one over another, joining them intermittently 15 extending the combination
up to the vicinity of a Waking  extension limit of the inelastic fibrous
layer and finally  relaxing the combinations from tens on. In the composite
sheet (elastic pane.) obtained via the  above-specified known manufacturing
process, the rubber  20 elastic layer after removal of the tension is
unable to return to its original dimension. The resulting difference in
dimension sometimes produces at permanent strain in the  



composite she =. Such a permanent strain is a first factor -2 8 NOVFMHER
2004 that makes the composite sheet larger in dimension along a  direction
of extension than before it is extended. Also, the  inelastic fibrous layer
when extended undergoes plastic deformation so that its dimension after
extension is made  5 larger than before extension. When the rubber layer is
releases from  the tension, this dimensional difference causes the
inelastic fibrous layer to increase its apparent bulk.  10 by restraining
the rubber elastic layer from recovering , i.e., by restricting elastic
contraction thereof. By these first  and second factors, the composite
sheet when again extended to the vicinity of a breaking extension limit of
the inelastic fibrous layer exhibits a lower percentage extension then when
15 initially extended to the vicinity of the breaking extension limit of
the inelastic fibrous layer.  It is an object of the present invention to
provide a  process for manufacturing a composite sheet which can reduce  20
the influence of the above - described first factor encoutered  in the
known manufacturing process and thus widen the range that permits elastic
stretch and contraction of the sheet. 



To achieve this object, the present invention is   3 8 NOVEMBER 2004
directed to a process for manufacturing a omposite sheet  Capable of e l as
L- c stretch and contract in one direction,  which includes the steps of
conticuous1y feeling a first web  capable of elastic stretch and
contraction in she one 5 direction and having a top surface and a bottom
surface  continuously feeding a second web capable of inelastic  extension
and composed of thremoplastic synthetic fibers an  an least one surface of
the first web and joining the first  and second webs in an intermittent
manner along the one  10 direction In the above-described manufacturing
process of the  composite sheet, the present invention is character=zed as
including the steps K: (a; feeding the first web continously in the one  15
direction and extending the first web in Ehe one direction  withir, the
range that permits elastic sLretch and contraction  of the .first. web; !b)
allowing the extended first web to retract by the  action of an elastic
contraction force of the web; and 



20 (c; superimposing the second web on at least one surface  of the first
web after retraction and joining the first and  second wet in an
intermittent manner along the one reaction. In one preferred embodiment of
this invention, -4 S'N'()VEfV1f3FR 2004 subsequent to the step (c), the
following steps are further included; (d) a secondary extension step
wherein the joined first and second webs are extended in the one direction
within the  5 range that permits elastic stretch and contraction of the
first web; and (e) a secondary contraction step wherein the extended  first
and second webs are allowed to retract by the action  of an elastic
contraction force of the first web. 10 Fig. 1 is a perspective view of a
composite sheet; and  Fig. 2 is a view showing an  exemplary process for
manufacturing the composite sheet. 15 The process for manufacturing an
elastically stretchable and contractible composite sheet in accordance
with the present invention in below described in detail with  reference to
the attached drawings. 



Figure I is a perspective view of an elastically  20 stretchable and
contractible composite sheet 1manufactured  by the practice the method
according to the present  invention. The composite sheet 1 is suitable for
use as a liquid 5 8 NOVEMMBE 2004 permeable or impermeable facing material
of a disposable  wearing article such as a disposable diaper, a sanitary
napkin,  a disposable medical gown or the like, and has an upper_ i aye,- 2
and a lower layer 3 united together at bond area; 4 by,fusion 5 The
comWsite sheet 1 is elastically stretchable and  contractible at leas. in
the `-'-Y dixe^tior?, out of  mutually-perpendicular double-headed arrows
X-X and v-Y, as  shown by chain lines. The upper layer 2 of the composite
shoot ] is capable  10 of inelastic extension at least in the Y-Y dir
cticn, out of  the X-X and Y-Y directions. Such the upper i. yer 2
comprises  a mass of thermoplastic synthetic fibers extending
cor.tinuonsly between bond areas 4 and 4, preferably long fibers, more
preferably a mass of continuous fiber, 6, in  15 the preferred upper layer
2, the fibers 6 are fused to each 



other at bond areas 4 but are individua.l_izod between bond  areas 4 such
that they are neither fused nor mechanically  entangled tightly with each
other. The length of a oortzor  of the individual fiber 6 that tends
between adjacent band 20 areas 4, e.g., the .length of a portion of the
fiber tai that  extends between bond areas 4a and 4a is larger than a
linear  distance between the bond areas a and 4a. That isf the fi.ber  6
extends over an upper surface of the lower layer 3 while 6 8 N0VL--N1J3FR
2004 describing the shown irregular curves. When the composite  sheet is
extended in the Y-Y direction, the fibers 6 change  their orientations
between the bond areas 4 and 4 to extend  linearly along the Y-Y direction.
As the composite sheet 1  5 retracts, the fibers 6 desribed curves again.
The lower layer 3 of the composite sheet 1 is elastically stretchable and
contractible in the Y-Y direction, prefereably in both the X-X and Y-Y
directions. The lower layer  3 comprises a mas of short, long or continous
fibers made  10 of elastic materials such as thermoplastic elastamers, or
alternatively, comprises a film or the like made of such  elastic
matevials. In the case of fibers, the lower laycr  takes the form of a
non-woven or woven fabric, preferably  



integrated via mechanical entanglement or fusion bani of 15 fibers. The
lower layer 3 opera such that A extends  elastically an the composite sheet
1 is extended in the Y-Y  direction by an external force and causes the
composite sheet  to retract as th.e composite sheen I is freed from the
force.  Figure 2 is a diagram illustrating a manufacturing  20 process of
the composite sheet 1 shown in Figure Im On Me left side of the drawing, a
first endless belt 32 and a second  endless belt 32 which both run towards
the right are juxtaposed to interposed a first extension step 71 and a
first contraction  -7 8 NOVEMBER 2004 stop 72 tharebetween, A first
extruder 33 and a second  exLruder 34 are dishes :d over the endless belts
31 and 32,  respectively. The extruder 33, 34 has a plurality of nozzles
37. 38 arranged in a row and transverse direction Lo the 5 endle,s;, belt
31, 32, A suction duct 31a, 32a is di seosed right  under the extrador 33,
34 through the endles bolt 31, 32.  The first extension step 71 involves a
pair of first VO1 i-s  73 and a pale of secc:.na rolls 74. the second rol,
_ 70 r otaLes  at a faster speed than the first roil 73. The f1rSL  



10 contraction stop 72 involves a plurality of third tolls 76  arranged
substanti a'.ly in a machine direction. The fore host  third roll 76
rotates at a peripheral speed Ouse to that of  the second roll 74, the
following third rolls 76 rotate at  peripheral speeds slowed in the
sequence toward the rear, and 15 the rearmost third roll is contro? ;-ed to
coincide in  partphe.r.ai speed with the first roe' 73. A guide roll 75 is
provided in both front and rear sides of The fi 5t contraction  step 72. Pi
ural screams of first continuous fibers 41, made of  20 a thermoplastic
elastomor and capable of elastic st:eL-ch and  contraction, are discharged
from the nozzle; 37 of Lhe fir-sli  extruder 33 and directed ur,t.o the
first endless belt 31 under  the suction action of the duct Va. The first
continuous 8 8 N-G FMB .i 2004 "bers 41 are Preferably fused t.c each other
over the first- brrdJ cgs belt 31 and rendered into first web !! L4 i:E Vi
119 th  form of a nov-woven fabric. The first web 41a is conveyed  in a
machine direction aod thee extended in the nachir, 5 direction at a
specific extension ratio as required .The  first web 41a advances to the
first contraction step 72 where  it is released from the tension and
allowed to retract wr file  



passing through the third rolls 7 5 arranged in a sequevce of  deweasing
peripheral speed. The first web 41a suquence 1 to retraction advances
toward the second endless belt 32.  Plural streams of second contir.ucns
fibers 52, Thane of a  thermoplastic synthetic resin and caoab-e of
irel-antic,  extension, are discharged from the nozzles 38 of the second
extruder 34 and directed onto the first web 41a under the 15 suction ac_ion
of the duct 32a to form a second web 52a.  The superimposed first and
second webs 41a and 52a are  brought between a pair of hot emboss rolls 47
and united  together by fusion at bond areas 4 (see rigurc 1) axranved  at
intervals in the machine direction to form a composite  20 shear _ shown in
Figure 1. When needed, the composite sheet 1 can be controlled  to further
advance in the machine direction and treated into  a second composite sheen
la. A next step that fo= lows in the 9 8 NOV L. MB Fit 2 004 machine
direction is a second extension step 82, involving a pair of fourth rolls
84 and a pair of fifth rolls 85, in  which the composite sheet 1 is
extended in the machine  direction at a specific extension ratio as
required. In the 5 second extension step 82, the fifth roll 85 rotates with
a  



faster peripheral speed than the fourth roll 84. After passage between the
fifth rolls 85, the composite sheet 1 advances to enter between a pair of
carrying rolls 57 which rotate with almost the same peripheral speed as the
first 10 ral.13 73. The composite sheet 1 exLended in the second  extension
steps 82 i5 relvased from tension in the second  contraction step 82
involving the fifth rolls 85 and the  carrying rolls 37, allowed to
retrLcts by the acticn of an  elastic recovery force of the first web 41a,
and then wound 15 round a rcll as the second composite sheet M. The
composite.  sheet I shown in Figure 1, when subjected to a single cycle  of
extension and contraction, results in the second composite  sheet 1a which
is applicable for the similar uses as the  composite sheet I. 20 In ths
above-described manufacturiog Process of ihe  composite shoot 1, SEPS o~
the ! ike may be used, for examplS,  for the thermoplastic elastomer which
is raw material of the first continuous fibers 41. The use of first
cotinuous - 10 8 NOVL. MBER 2004 fibers 41 having a fiber diameter of 18um
results in the first web 41a having  a basis weight of 31.9g/m2. This First
web 41a has a machine-direction breaking strength of 2.35N per 



width of 50mm and a breaking extension of 447%. In the first 5 extension
step3 71, the extension ration A within the range  that permits elastic
stretch and contraction of the firg-L wet  41a and within a breaking
extension of the second web 52a.  For example, a !CO mm length of the first
web 41a. nan be  extendad in the firsn extension step 711 by 120 is A Us 10
original length, i.e., to a length of 220 mm. This is allowed to retract in
the first contraction step 72 to a length of 113.5mm. That is, when the
first web 41a is extended by 120% of its original length, a permanent
strain of 13.3 mm (13.5%) is produced per 100mm of the first web 41a. This
permanent 15 strain is conceivably attributed to the rearrangement of the
first continuous fibers 41 in the first web 41a.~ Such a  permanent suraio
is generaily reduced if the-first web 41a  is in the form of a% elastin
film. Examples of thGomaplastic synthetic resins for use as  20 raw
riat,~rjal of the second contiruous fibein 52 AcJudc'  polypropylene: a
60:40 (by weighL~ mixture of polypropylene.  and a terpolymer of propylene,
ethylenc and bi7env;  polyeator; polyothyieoe and the 1AG. As an example,
the - I I  8 -N () VP K4B ER 2 004 aforementioned Tixturn Of P01YPTOpylene
and Lerpoiymej can  



be uscd to form the se"" "tiOuWs fibars 52 havir2 a  diameter of 17,5 Pm
and a percontage 9xtnqsiqc of 311 t and  then form Lhe second web 52a
having a basis wGight of 15.0  g/m? from such fibers 52. To 11!u8trate the
case where thia second wRb 52a is  joinod to the aforementioned fir3t web
41a obtained via  extension by 120 1 and gubsequent contrantion and
measuring  a length of 113.5 nyi to provide nhe composite shGet 1,
extensfon of the composito shnet 1 by ICG I in the second  extension step
12 and 8obsoquent contracOcn K the seconu  caniraction step 77 Tesults in
the sGcond composi7o sheet la  which 2~~iaws an ciastic recovery ~-f 92 ~~,
out of ICC- % extcnision,  and a remaining permanent strain of 7 A. 15 For
the purposes of camDarinon to thia campwsi~e sh2n  1, ~L prior art elast ic
pEa-iel was ~,,btainE~d by j oir-ling 1:ihe 113. 5  mm Ong f irst web 4 la
bef Qre subj ected to the f i rs L extcnVor- to the 113.5 mm long sooond
web 526. The eLastlc Panel was  axtended by 100 and then allowed to
retract. Tho elastic 20 reccvery was 90 and 20 % remained as a permanent
strain.  Ths tncTeascd permanent strain remained in the elastic, panel
than --'n th-(~~ composite sheGt 1. As clear from 1~he coripa:~isor,  thE~
compositE~ shect I exhibit5 the .5uperior recovery, -12 



8 NOVEN113FR 2004 higher elastic extension and wider range of elastic
extension and contraction, compared to the prior art elastic panel. in the
manufacturing process in accordance with This  invention, the second web
52a capable of inelastic extension  5 is used having a breaking extension
of 40 1 ov higher, prGferably 7C I or higher, more preferably 100 % or
highcr,  at Icast in the machine dire. ctio-ri, out of the machine and
cro.ss  directions. The first ~web 41a capable of elastic stretch and
contraction preferably has a broaking extension higher nhan 10 that of the
socond web 52a. Move preferabiy, the first web  41a ousnains its ability to
elastically stretch and contract  even at the breaking extension of tHe
second web 52a. 'The  composite sheet 1, if constructed A= 5uch first and
3econd  weW 41a and 52a, can be excended up to the oIcAlty ol the 15
broaking extensioa limit of the aemnd web 52a. in th, case  where the
continuous fibers 52 forming the second web 52a arc~  engaged with each
other- by -T.echanical entanglement or 03ion  bond thereof, it is preferred
that fibers 52 are largely freed from the engagement and thereby
individualized in the second 20 extenVon step 76. This increases a bulk of
the sGcond web  52a as iT retract3, so tAav the composite sheet 1 provtdes
a softor skia contact. 



I-~ this inventiQn, the composite sheet I can be ri~Dndere-d - 13 into a
three-layer structure by placing the second web 52a on tap and bottom
surfaces of the first web 4_a. in such a  case, the second webs 52a, 52a
cir.ed to _he top and bc.Lto.n  surfaces of the first web 41a may be of the
same p~operties 5 or radc different from each other in any of the following
properties; basis weight, density, type of Ube thermoplastic:  synthetic
resin used to form the continuous flbofy 52, fiber  diameter and fiber
length. The illustrated irsU and socond  continuous fibers 41, 52 may be
aitered to short fibers with 10 a length of 50 mm or less, or 'Uo long
fibers having a .ler_ tr:  in the approximate range of 50 - 300 mm. In the
manufacturing process of an elastically  stretchable and contractible
composite sheet, in accordar v vi  with this invention, an elastically
stretchable and 15 contractible web obtained via a sequence of cxtensior.
and  contraction effecuive to remove a major p.ropor.ion of  permanent
strain and a web capable of inelastic extension are  superimposed on each
other and then un.i t.ed together,  Accordingly, the resulting composite
sheet. exhibits a wider 20 range of elastic extension and contract-on,
compared to an  elastic panel resultir from a conventional manufacturing 



Process wherein a web capable of e_as:ic. extension and contraction and a
web capable of inelastic extension are 8 NOVEMBER 2004 -14 superimposed and
then united together. 8 NOVEMBER 2004 - Is  HAT TS IMED IS 1. A process for
manufacturing a composite sheet (1.)  capable of elastic stretch and
contract in one direction by 5 continuously feeding, in the one direction,
a first web lo)  capable of elastic stretch and contraction and having a
top  surface and a bottom surface, continuously feeding a second  web (52a)
capable of inelastic extension and composed of  thermoplasLic .synthetic
fibers (52) on at least one surface 10 of the first web (41a) and joining
the first and second webs  (41a, 52a) in an intermittent manner alongthe
ore -re ti:~r:;  said manufacturing process including the steps of: (a;
feeding said first web (9la) continuously in the  one direction and
extending the first web (41a) in the one  15 direction within Lhe range
that permits elastic stretch and  contraction of the first web (41a); (b)
allowing the extended first web 1.41a) to retract 



by an etas is contraction force of the web (410; and (c) superimposing said
second web (52aI on at least one  20 surface of the first web (41a) after
retraction and joining  the first and second webs (4la, 52a) in an
intermittent manner  along the one direction, 8 NOVEMBER 20{)4 -16 2. The
process of. Clair' 1 further including, subsequent  to the step (c), the
following steps: (d) a secondary extension stop (82) wherein she joined
first and second webs (41a 52a) are extended in Lhe one  5 direction within
the range that pc -mits elastic stretch and  contraction of the first web
(Ka); and (e) a secondary contraction step 77) wherein the  extended first
and second webs (4la, 52a) are allowed to  retract by the action of an
elastic contraction force of the  10 first web (41a). 3. The process of
Claim 2 wherein the thermoplastic  synthetic fibers (52) in said second woh
(52a) are engaged  with each other by mechanical entanglement or fusion
bond and, 15 in the step (c), the fibers (52) are free freed from tke
engagement so that they are individualized. 4. 



The process of C1Am 1 wherein the second web (52.) is oined to top and
bottom surfaces of the first web (41a) , and  20 the second webs (52a)
respectively joined to the top and bottom a:ur aces of the first web (41a;
are dl_ating-.iished frog:  each other in any of properties, including a
basis weight and  density of the web, a type of the thermoplastic synthetic
NOVEMBER 2004 -17 resin, and a diameter and length of the fibers. 5. The
process of Claim 1 wherein said first web (41a) Is  either in the form of a
non-woven or } raver. fabric capable Of 5 elastic stretch and contraction
and composed thermoplastic  synthetic fibers (41.) or in the form of a film
capable of  elastic stretch and contraction and made of a therrn.cpl,as is
synthetic resin. to 6. The process of claim 1 wherein said thermcpla3tic,
synthetic fibers 152) in the second web (52a) are contA1;o1 sf  long or
short fibers. 


