
1 8 NOVEMBER 2004 PROCESS FOR MANUFACTURING ELASTICALLY STRETCHABLE AND
CONTRACTIBLE COMPOSITE, SHEET The present invention relates to a process
for  5 manufacturing a composite sheet comprising a web capable of elastic
:stretch and contraction and a fibrous web capable of  inelastic extension.
Japanese Patent publication No. =9P6-.5;]4 3A discloses  a mug Li-layered
elastic panel, as one example of this L-ype  10 of composite sheet, and a
process of manufacturing the same. The disclosed -manufacturing process of
a multi -layered  elastic panel involves arranging a rubber elastic layer
and  an inelastic fibrous layer, one over another, joining them:
intermitten.tly, extending the combination up to the vicinity 15 of a
breaking extension limit of the inelastic fibrous layer  and finally
relaxing- the combination from tension. In the composite sheet (elastic
pane] ) obtained v.ia he  above - specified known manufacturing process,
the rubber  elastic layer after removal of the tension is unable to return
20 to its original dimension . The resulting difference in  dimension
sometimes produces a permanent strain in the  composite sheet. Such a
permanent strain is a first factor  that lakes the composite sheet larger
in dimension aloe a 



2 8 JOVJ MRI R 2004 direction of extension than before it is subjected to
extension. Also, the inelastic fibrous layer when extended  undergoes
plastic derformation  so that its dimension after  extension is made larger
than before extension. When the5 rubber layer is relaxed from the tension,
this direns-anti  difference causes the inelastic fibrous layer to increase
its  apparent bulk. The increased bulk than becomes a second  factor that
makes the composite sheet larger in dimension than  before it -s extended
by restraining the rubber elastic layer 10 from relaing, i . e . , by
restricting elastic contraction,  thereof. By these first and second
factors, the composite  sheet when again extended Lc the vicinity of a
breaking  extension limit of the inelastic fibrous layer shows a lower
percentage extension than when initially extended to the 15 vicinity of the
breaking extension limit of the inelastic  fibre;rs layer. The composite
sheet provides a soft skin contacL when  the aforementioned inelastic
fibrous layer is reduced in  diameter and increased in apparent bulk due no
elongation of 20 constituting fibers as a result of plastic deformation. On
the other hand, the increasing infl-'influence of the second factor  low ss
the percentage elastic e extension of the composite  sheet and thus narrows
its possible range of elastic stretch 



-3  8 NOVEMBER 2004 and contraction,, so that the composite sheet is made
less  elastically stretchable and contractible. It is an object of the
present invention to provide a  5 process for rrarc.factu--Tng a composite
sheet which can reduce the influence of the above-descr, ibed second factor
encountered in the known manufacturing process and thus widen  the range
that permits elastic stretch and ccntractio-n of the  sheet. 10 TO achieve
this object, the present invention is  directed to a process for
manefactoring a composite sheet  capable of e.].as_ie stretch and contract
in one direction,  which includes the steps of continuously feeding a
-first weh  capable of elastic wretch and contraction in he one 15
direction and having a top surface and a boom sunace,  continuously feeding
a second web capable of inelastic  extension and composed of thermoplastic
synthetic fibers on  at leris:: one surface of the first web, and joining
Lhe firsr  and second webs in an intermittent manner along the one  20
direction. The manufacturing process further includes t.:c:  following
steps: a. a first extension stew wherein the first web is Levi 



4 8 N OV EM13 E R 2-004 A a continouus manner in the one direction and
extended in  the one direction within the range thta permits elastic
stretch and contraction of the first web; b.a step wherein the second web
is superimposed thereto in an  5. least one surface of the first web and
joined thereto in an  intermitten manner along the one direction to provide
a  composite web; c. a second extension step wherein the composite web is
extended in the one direction within the range that permits  10 elamic
stretch and contraction of thn first web; and d. a step wherein-, after the
second cxtension step, the  extended composite web is allowed to retract by
an elastic contraction force of the first web to thereby obtain the
composite sheet. 15 Fig. 1 is a por5pective view of a compo3ite sheet;
Fig. 2 iq a v_ew showing an exempl&ry proces.~, fcr malufacturing Me
comoosite sheet; Fig. 3 is a view for explaining stretch-contraction  20
behaviors of the composite sheet; and Fig. 4 is a view showing arother
exemplary procoss,  different from Lhe procc~s~3 of Figure 2, -for
manufacturing thp  



comnosite sheet, 5 8 NVEM13FR 2004 The process for manufacturing an
elastically  stretchable and contractible composite sheet in accordance
with the present invention is below described in detail with  reference to
the attached drawings. 5 Figure I is it perspective view of an elastically
stretchable and contractible cwp; site sheet 1 manufactured  by the
practice of the method according to the present  invention, The composite
sheet 1 is suitable for use as a  liquid permeable or impermeable facing
material of a 10 disoo3abls wearing article such as a dispotiable diaper, a
sanitary napkin, a disposable medical gown or the like, and  has an upper
layer 2 and a lower layer 3 united together at  bond areas 4 by fusion. The
composite sheet 1 is elastically  stretchable and Contract ble at least in
the Y-Y direction, 15 out of mutually-perpendicular double-headed arrows X-
and  Y-Y, as shown by chain lines. The upper layer 2 c., the composite
sheet 1 is capable  of inelastic extension at least in the Y-Y direction,
cat of  the X-X and Y-Y directions. Such an upper layer 2 comprises 20 a
mass of thermoplastic synthetic fibers extending  ecminuous-y between bond
areas 4 and 4, preferably long  



fibers, more preferably a mass of continuous fibers 6. In  the preferred
upper layer 2, the fibers are fused to cash -6 8 NOVE,'-MBT-,R 2004 other
at bond areas 4 but are individualized between bond areas 4 suchs that they
are neither fused nor mechanically entangled tightly with each other. The
length of a portion of the individual fiber 6 that extends between adjacent
bond  5 areas 4, e.g., the length Of a Portion. H the fiber 6a that
extends between  bond areas 4a and Q is jargor than a jinsaT  distance
Mtween Zile bond areas 4a arid 4am Tmm-iai:~ i~p, the fiber  6 extends over
an upper surface lower layer 3 while  describing tho shown irregolar
curves. When the composite 10 sh,~et 1 is extended in vAe Y-Y directioy~
the fibefs 6 change  their orientations beLween the bond areas 4 aod 4 to
extend  linearly along the Y-Y direction. As the composive sheet I
retracts, the fibers 6 describe curves again. The lower layer 3 of the
composite sheet I is  15 elastically stretchable and contractible in the
Y-Y direction,  preferably in both the X-X and Y-Y directions. The lower
layer  3 comprises a mass of short, long or continuous fihers made  of
elastic materials such as thermoplastic elastomcrs, or  alternativciy,
comprises a MT or the lfke mace of such 20 elastic matcrialsm In the aasc
of fibers, the lower iaye~-- 



takes the form of a non-woven or woveT~ fabric, preferabiy via  integration
of fibers by fusion or mechanical entanglement  The lower layer 3 operates
such that it extends elastically 7 8 NOVEMBER 2004 as the composite sheet 1
is extended in the Y-Y direction by  an external force and cau5es the
comPosite sheet 1 to retraot  as the composite sheet I in freed from the
force. Zigure 2 4-5 LI aiaq-ram illustrating a manufacturing  5 proces5 Of
the a0zpasiLe sheet 1 shown' in Fi~;ure 1. or- the  left s-de rf the
drawirig, a f:irst endless belt 31 and a .5e-cond  endless belt 32 are
JuNtapo3ed to both run toward 1:~he right.  1~ f i rq t ext r ude r 3 3 and
a secoT-td c-,,xt rud~-~ r 3 4 Li re d i s, pos cd ove r  ohe endless belts
31 and 32, rcspectiveiy. Thc- extruder 33, 10 34 h,~ve a plurality of
nozzles 37, 38 arranged in a row and transvor3e Lo the qndless belt 31, 32.
R Suation duct 31a, 32a is disposed rtght under the extTuder 33, 34 thrauqh
the  endless beit 31, 32. Firn cun7inuous fibers 41, made of a
thermopla5tic  15 elastomer and capable of elastic stretch and contrasticn,
are  discharged from ths nozzies 37 qf the firsL entru&7 33 and  direoted
onto the firsm endless belt 31 qrder the sugtiqn  action of Lhe duct 32a.
The fiTst continscus fibers 41 are  



preferably fu3ed to each other oven the fir5t endless belt 20 31 and
Tendared into a fir3t w2b Wa having the Lorm of a  nor-woven fatri.c. Tne.
fir-,t wcb is t--~ansported in Li machine  directioD and then subjected to
a fir5v extension step 46,  inva3ving a pair of first rolla 43 and a pa--r
of ~~eccnd rolls 8 8 NOVEMBER 2 0 {}4 44, where it is subjected to
extension in the machine  direction al a stc=.fic stretch ratio as
recxu_red. In the  first! extension step 46, he sec rd ro.1 1 r . 4 rotates
at a b ner  speed than the first roll 43, The first web 41a while in an 5
extended state advances toward the second endless bolt 32.  Plural
si_rearns of second continuous fibers 52, made of a  thermoplastic
synthetic resin ar,d capable of inelastic  extensor, are discharged from
the nozzles 38 of the second  extruder 34 and directed onto the first web
41a while in the 10 extended stsoc undar the suction action 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 17 and united
together by fusion at bond areas 1 (see Figure 1) arranged 15 at intervals
in the machine direction to form a coin os' to web  va. The composite web
55a is controlled to further advance  in the machine direction and then
subjected to on second  



extension step 55, involving a pair of third rolls 53 and a  pai.r' ; f
fourth rolls 54, where it is further extended in the 20 machine direction
at another specific- stretch ratio as  required. In he second extension
step, the fourth roil 54  rotates with a faster peripheral speed than Lhe
third ro] .l R --I -9 8 NOVEMBER 2004 After passage between the fourth ro=
l s 54f the  composite web 55a is allowed to further advance and er.Ler
between a pair of carrying .rolls 57 which rotate with almost  the same
peripheral speed as the first rolls 43. Thc cox.pos.1.--e 5 web 55a
extended in :he .first and second extension step, 46,  56 is released from
torsion in a path between the fourth roo].1  54 and the carrying roll 57,
contracts by the acLiorL of the  elastic force of, the first web 41 and is
then wound round a  roll Ls the composite shGe-t 1. 10 In the process of he
composite sheet 1 SEPS or tnc  like may be used, fcr example, for the
thermopla,tjc elastomer  which is raw material of the first continuous
fibers 11. The  use of first continocus fibers 41 hh_avi.ng a fiber c i
ameter of  18 p results in the first web 41a having a basis weighL of 15 3
1 . 9 g/M , This first web 41a has a machine-direction breaking  strength
of 2.35 N per width of 50 mm and a breaking extension  



of 447 1. In the first and second extension steps 46, 56,  extension is
perfo med within the range that permits elastic  stretch and contraction of
the first web 41a and w~.thir an 20 extension lin-t of the second web 52a.
For example, the first  web 41a is extended in both extension steps 46, 56
by .50 %  per each, _.e., overall, by 100 % of its or .ginal `ength prig
to extension. In other words, the first wet') 4--a is extcr:ded -10 R
NOVEMBER 2004 to 150 % of its original length in the first extension step
46 and to 200 % of its original length in the secconrd extension  step,
Exarlpics of L-rermop]astic synthetic resins for use as  5 raw maLeTial of
the second continuous fibers 52 .include polypropylene; a 60:40 (by weight)
mixture of polypropylene  and a terpolyr..er of propylene, ethyione and
buterre;  polyester; polyethylene and the like. As an example, the
aforementioned mixture of polypropylene and teroolymer can 10 be used to
form the second continuous fibers 52 having a  diameter, of 17.5 pm and an
extensibility of 311 1 and than  farm the second web 5 2a having a basis
weight o= 15. ] g/m` iro:.  the fibers 52. In the second extension step 56,
The second  web 52a is extended in an inelastic manner by approximately. 15
33 % as the first web 41 is extended in an elastic manner by  



50 % (refer to iigur.e 3). After passage through the fourth  rolls 54, the
extended second web 52a retraces in the machine  direction responsive to
elastic contraction of Lhe f.i.rsr web  41a, while forming folds between
bonded areas 4 and 4 arranged 20 at intervals along the machine direction.
The composite sheet  obtained !a such a manner is shown in Figure 1. The
first  web 41a and second web ,a are rendered by Ex7ension to take  the
forms of the 1 ower layer 3 and upper layer 2 shown ir= F.ioure -11 !i
NOVEMBER 2004 1. Formation of the bonded areas 4 shown in Figure 1 fs
accomplished by passing the first and second . webs 4- ~a, 5 u  between the
emboss roil 47. Figure 3 diagrammatically shows the  5 stretch-contraction
behaviors at stages of a manufacturing  process for the composite sheet 1
and a comparative  stretchable composite sheet 71 obtained using a
conventional  process. In the case of composite sheet 1 shown in (I) of
Figure 3, a continuously-fed first web 41a is e L-e.nded by 50 10 an per
length of 1000 mm to a length of 15C a 150 anon long  second web 52 b is
placed over the first web, and both webs  4la, 52a are joined to each other
at locations 4 and thereafter  further extended by 50 nn. In total, the
first web 41a is  



extended by 1.00 %. The secc.nd web 52a is extended by 33 %. 15 These bo:h
webs 41a, 52a when unt.ens.i.oned provides the  composite shut 1. For the
composite sheet 1, a permanent  strain in length of p is produced when the
100 F~_m long f.iisL  web V a a is extended by the length of 100 nun, Also,
folds 60  are formed over an entire region of the second web 5a as the 20
second web 52a is allowed to retract after it has been e ten ded  in an
inelastic manner  from its original length of 150. mm by  the length of 50
m m . These folds 60 limit the elastic  contract=on of the first web 41a by
the length of q. Toe - 12 8 NOVEMBER 2004 composite sheet 1 has a length L0
of (100 + p + and never  returns to the original length of f its L web 41a
that is 100  ELM. On tho other hand, in the manufact.are o1E the  5
convention=al stretchable sheet 71 shown in ',II) of figure 3, the 10C mm
lone- second web 52a is broaght to overlie the 10()  mm long first web 41a.
These two webs 41a, 52a are joined  to each other and Then extended by 100
% for f ach . These webs  41a, 52a when untensioned provide the stretchable
sheet 71. 10 A permanent strain in length of p is produced when the firm,
web 41s is extended from its original length of 1CC an by Lhe  length of
100 rnrn and left to remain in the stretchable sheet  



71. Also, when the second web 52a is allowed -o retract after  it has been
extended by the length of 100 mm, folds 6C are 15 formed therein to
restrict the elastic contraction of 7he  first web 41a by the length of x
which also remains in tie  sL-retchable sheet 71. The resulting stretchable
sheet. 71 thus  has a length L1 of (100 + p + r,' . Thoag:~ the composite
sheet  1 and streLc. Iuble sheet 71 both use the l Iiun lone f. i rs:. web
20 41a as a starting material, the extension of the second web  52a during
the manufacture of the stretchable sheet is made  relatively large.
Accordingly, the second continuous fibers  52 constituting the second ,.,eb
52a elongate to such an extent 8 NOVEMBER 2004 -13 than causes the second
web 52a to increase its apparent oink  when it retracts. This inc..case in
balk increases the -ength  r -.hat Limits eontracvion of the first web 41a.
The '.er: tr:  i is than made larger in dimension than the leny ih q. The 5
length n4 of the composite sheet 1. then becomes smaller in  dimension than
the length of the convent opal stretchable  sheet -71 and measures a value
closer to he original length  of the first web 41a, 100 mm. In an exemplary
case where -he  resulting composite sheet 1 and stretchable sheet 71 are 10
extended again to a length of 200 mm, as shown in Figure 3,  the composite
sheet 1 shaws a higher percentage extension.  



Accord.-ngly, the composite sheep. I can be said to be  s iretchable and
contractible over a wider range t=ru-1 the  stretchable sheet 71. 15 A1so,
in (I) of Figure 3, if the oerir.anent strain p of  the first web 41a is
smaller, the secrd web 02a =ed at the  length of 150 -rte: and then
combine6 in':o the composite sheet  1 becomes possible to retract to less
than 150 mm. The  composite sheet 1 when extended again vo a length of. 200
mm 20 shows a percentage extension higher than 33 % which is a value
obtained when the second web 52a was initially vxt.ended. Thar.  -s, the
second web 52a puckered in the cc posit.e sheet. .i. shows  an apparent
percentage extension higher than 33 1 which is -14 8 NOVFMBFR 2004 an
initial percentage extension of the web 52a. On the other  hand, in
accordance wfth thn conventional na5e shown in (II)  of Figure 3 where the
stretchable sheet 71 is Utained via  extenVop tc, 20C -r-m aid subsequem
ieLraction, t1'e Z~;econd 1) 52a iniTially fed at the length of 100 nn is
maintained not  to excoad 100 mm. Accordingly, when the siretchable 5heet
71 is extended again Lo a longth of 200 mm, tAe second wet,  shows a
percentage extension of less Chan 100 A which is a  value obtained when it
was initially oxtonded. Im clear from I this aamparison, in accordance with
--he process of this  



invcntlon for manufacturing tAe ccmposite shewt " 7he Second  web 52a if
incorporaned in On composite sheen 1 can be made  stretchable and
contractible over a wider range. If stated  additicnaliy, the composite
sheet 1 can also be extended zo 15 the pcint at which On second web 52a
reaches a langLA of M"  nn, i.e., by 100 1 of the original dimension of the
second  web 52a. As similar to Figurn 2, Figure 4 shows an cxowpiary
ambadimenz of this invention. In tAe shown proces3, Kc  20 second
continuous libers 52 discharged from the seccnd ex7ruder 34 are larmed,
over the second endiess belt 32, into  the second web 52a which subsequeMly
advance3 toward tAo righL in the drawivg. Me lirs7 web 41a in this example
is -15 3 NOVEMBER 2004 fed in the form of a film made of a thermoplastic
e_asLcz.er.  This film is subjected t.^ the first extension step 46,
involving a pair of first rolls 43 and a pair of second rolls  44, in which
it is extended at a specific extension ratio as  required. The first web
41a while in an extended state is  placed on the second web 52& and united
therewith between a  pair of emboss rolls 47 and 47, resulting in the forma
lion  of the composite web 55a. The composite web 55a is further  extended
in the second ex:ensi.on process 56 incfoLying a pair 



10 of third rolls 53 and a pair of fourth rolls 54. After passage  between
the fourth rolls 54, the composite web 55a is allowed  to retract in an
area between the fourth roll 54 and the  carrying ro, ry 57 by the elastic:
retraction force of the fi"::t  web 41a. The ruse . U i ng composite sheet
1 is then 1 cl.-Ind round 15 a roll. The process shown in Figure 4 is
similar to that of  Figure 1, with the exception that the film is used for
L he  first web 4].a, In the manufacturinc process of a composite sheet in
accordance with his invention, the second web 52a capable  20 of inelastic
extension is used having a brew :<i_ng extension of 40 % or higher,
preferably 70 % or higher, more preferably  100 % or higher, at least in
the machine direction, out of  the machine and cross directions. The firsL
web 41a capable 8 NOVEMBER 2004 -16 of elastic stretch and contraction
preferably has a breaking extension higher than that of the second web `a.
More  preferably, the first web sustains its elastic stretchability even at
the breaking extension of the second web .52a. In he  5 manufacture of the
composite sheet 1, the composite web 55a  comprising the first web 4;,a and
second web 52a can be extended  up to the vicinity of the breaking
extension limit of the  second web 52a. in the case where the constituents
fibers 52  



of the second web 52a are engaged with each other by mechan.i. ca 1 10
entanglement or fusion bond, it is preferred that the second  Continuous
Mons 52 arc largely freed from the engagement  and individualized in tie
second extensicrr seep .56. This  increases a bulk of the second web 52a as
it retracts, thereby  providing a softer skin contact, 15 In this
itvention, the composite sheet I. can be rendered  into a three-layer
structure by placing :he second web 52a  on top and bottom surface of the
f.irt web 4_a. In such a  case, the second webs 52a, 52a joined to the non
and bottom  surfaces of Ac first web 41a may be of the same properties 20
or m.ade different from each other in any of the following  propert-es;
basis weight, density, type of the therrn.oplas:.ic  synthetic re3in used.
to form the continuous fibers 32, fiber  diameter and fiber length. The
first and second continuous -17 8 NOVEMBER 2004 fibers 41, 52 used in the
preceding embodiments may be alter s  to start fibcxs with a lengr_h of. :;
J mm or less, or to tong  f_;exs having a length in the approximate range
of 50 - 300  mm. Long fibers with a length of 100 mm or greater can also
be used. In the manufacturing process of a ao-r.pcsitie shoe's in
accordance with this invention, a web capable of elastic  



stretch and contraction is firs': extended, another web  capable of
inelastic extension is placed on the web while it 10 an ex-ended sLate, the
two webs are united Loge he-= and  thereafter extended again in a machine
direction.  Accordingly, the composite sheet that results when the
combination is freed from the tension exhihi.ts a higher ornentage of
e:astir stretch compared to strctchahle sheets  1 made by a conventional
process w:oict= involves superimposing  a web capable of elastic extension
and a web capable of  inelastic extension, uniting them together and then
subjecting the combina ion To exr ensicn  1S  WHAT 1S CLAIMED 1S: 8
NOVLM13ER 2004 1. A process for manufacturing a composite sheet s!)
capable of elastic stretch and contract in one direction by 5 coat inuouS1y
feed.-ng, in the one direction, a first web ( 1a))  capable of elastic
stretch and contraction and having a top  surface and a bottom surface,
concinuously feeding a secc.nd  web (. 2a} capable of inelastic extension
and co,pcsed of  thermoplastic fibers (52) on at least one surface of r_he
first 10 web (4la) and joining the first and second wcbs (!']_a, 51a)  in
an intermittent manner along the one direction; said manufacturing process
including the following 



steps: (a) a .first extension step (46) wherein said first web  15 (41a; is
continuously fed in the one direction and extended in the one direction
within Lire range chat permits elastic:  stretch and concractior: of the
first web (4La); (b) a step wherein slid second web ( 2a) is superim posed
on at least one surface of the extended first web ilia) and  20 %ined to
the first web (41a) in an intermittent- manner a-nnq  the one direction to
provide a composite web (55a) ; (c; a second extension step (56) . hcrein
the composite  web (5.5a) is extended in the one direction within the ranee
-]9 8 N VLMBER 2004 that permits elastic stretch and contraction of the fi;
st web  (41a) and ;al a step wherein, after the second extension step (h ~
,  the extended composite web (55a) is all-owed to retract by an  5 elastic
contraction force of the first web (41a; to thero:oy  obtain said composite
sheet 11). 2. The process of claim 1, wherein said thermot last is
synthot1c fibers (52) in the second web (! 2a) are cneag o wi-h 10 each
other by mechanical entanglement or fusion bond and, in  the step (c), the
fibers (52) aTe partly freed from the  engagement to the extent that they
aFe individualized. 



3. The process of Claim 1, wherein the second web (52a)  15 is joined Lc
top and bottom surfaces of the first web (41a) , and the second webs 52E)
nesoec L- ivel y j oined to the top and  bottom surfaces of the first web
(41a) are distil--giA.sbed from  each other in any of properties, including
a basis weighL and  density of the second web s52a), a type of the
thermoplastic 20 synL-hetic resin, and a diameter and length of the fibers
(52; . 4. The process of Claims 1, wherein said first wet (41:x)  is either
in the form of an elastically stxetchah1.e :non-woven -2.0 8 NOVEMBER 2004
or woven fabric composed of thermoplastic synthetic fiber;  (41) or in the
form of an elastically stretchable film made  of a thermopJastic synthetic
resin. 5 5. The process of Claim I., wherein said th,errr.thermoplastic -
'_c  synLhet.ic fibera (52) in the second web (;; 2a) arc conU=nuocs,  long
or short fibers. 


