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ELASTICALLY STRETCHABLE COMPOSITE SHEET

This invention relates to an elastically stretchable
copposita sheet and more particularly to such a composite sheet
comprising an elastic sheet and a sheet-1like fibrous assembly.

It is well known to bond elastically stretchable nonwoven
fabrics to an elastically stretchable sheets made of plastic
elastomexr or the like and thereby to convert a rubber-like touch
intrinsic to the elastically stretchable gheat to a cloth-like
touch. For example, in order to provide a ligquid-impervious
backsheeat of a disposable diaper with an elastic stretchability,
it is also well known to laminate an elastically stretchable
nonwoven fabric on a liquid-impervious and elastically
stretchable sheet.

In the composite sheet obtained by such a lamination,
staple fibers each having a fiber length of about 50 have
usually been used. Such composite sheet has had a problem that
the staple fibers entangled together and forming the nonwoven
fabric would be progressively disentangled one from another as
the composite sheet is stretched. As a result, a proper
structure of the nonwoven fabric as well as a proper structure
of the composite sheet would be impaired and/or become fluffy

unless entanglement spots of fibers and/or bond regions between
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the nonwoven fabriec and the elastically stretchable sheet are
distributed as densely as possible. However, the spots and/or
the bond regions densely distributed will make it difficult to
obtain a composite sheet having a high elastically

stretchability.

An object of the invention is to eliminate or minimize
factors impairing a stretchability of an elastically
stretchable composite sheet and thereby to achieve its
stretchability as high as possible.

According to this invention, there is provided an
elastically stretchable compoeite sheet comprising an elastic
sheet having a stretchability in two directions orthogonal to
each other and a sheet-like fibrous assembly having an
extensibility in the two direction bonded to at least one
surface of the elastic sheet, wherein: the fibrous assembly
has a inelastic extensibility, the elastic sheet and the fibrous
assembly are bonded together at bond regions arranged
intermittently in the two directions and éomponent fibers
constituting the fibrous assembly are long fibers coptinuously
extending and describing curves between each pair of adjacent

bond regions in which the long fibers are bonded to the elastic

sheet .
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The elastically stretchable composite sheet according to
this invention enables the elastic sheet and the fibrous
assembly to be reliably held in their condition bonded with each
other even if the bond regions in which these elastic sheet and
fibroue assembly are bonded with each other. This is for the
reagon that the extensible fibrous assembly laminated at least
one surface of the elastic sheet comprises the continuous £ibers.
With the composite sheet obtained in this manner, its
stretchability is not affected by the bond regions arxanged at
close intervals as they have conventionally been the case. The
composite sheet of this invention is stretchable but offers a
cloth-~like comfortable touch by the presence of the continuous
fibers. Therefore, this composite sheet is suitable as the
stock material for garments such as disposable diapers,

sanitary napkins or dispesable gowns.

Fig. 1 is a perspective view showing an elastically
stretchable composite sheet according to this invention;

Fig. 2 is a view similar to Fig. 1 but showing one
embodiment of this invention;

Fig. 3 is a view similayr to Fig. 1 but showing another

embodiment of this invention;

Fig. 4 is a diagram schematically illustrating an example
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of the process for making the composite sheet; and
Fig. 5 is a diagram similar to Fig. 4 but illustrating

another example of the process for making the composite sheet.

Details of an elastically stretchable composite sheet
according to this inventioen will be more fully understood from
the description given hereunder with reference to the
accompanying drawings.

An elastically stretchable composite sheet 1 shown by Fig.
1 in a perspective view comprises an upper layer 2 and a lower
layer 3 bonded together at their bond regions 4. The composite
sheet 1 it elastically stretchable and contractable at least
in a direction represented by a double~-headed arrow Y ~ Y rather
than in a direction indicated by a double-headed arrow X - X
being orthogonal to the direction Y - Y, as indicated by
imaginary lines.

The upper layer 2 of the composite sheet 1 je
inelastically stretchable at least in the direction Y -~ Y rather
than in the direction X - X. This upper layer 2 is an assembly
of long, praferably, continuous thermoplastic synthetic regin
fibers 6 which continuously extend in a region defined around
the bond regions 4. The fibers 6 are sealed with one another

only at the bond reqions 4 and nelther sealed nox bonded together,
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i.e., separated one from another in the region defined around
the bond regions 4. Between each pair of the adjacent bond
regions, the continuous fibers 6 extend over the upper surface
of the lower layer 3 along irregular curves. As the composite
sheet 1 is stretched in the direction Y - Y and/or in the
direction X - X, the curved continuous fibers 6 are reoriented
to extend in the direction Y - ¥ and/or in the direction X -
X and the upper layer 2 is inelastically stretched. Such
continuous fibers 6 may be of inelastic synthetic resin such
as polypropyrene, ethylene-propyrene random copolymer,
ethylene-propyrene-butene random copolymer, polyester or
polyethylene. Each of the continuous fibers 6 preferably have
a diameter of 0.1 ~ 50 um.

The lower layer 3 of the composite sheet 1 comprises a
sheet which is elastically stretchable in the directionY - ¥,
preferably both in the diraction ¥ - ¥ and in the direction X
- X. This sheet has a stretch ratio of at least 200 %, preferably
at least 400 % in the direction Y - Y and elastically contractile
again to less than 1.3 times of its initial length after
gtretched by 100 3. Such sheet may be a fibrous assembly
comprising continuous elastic fibers made of thermoplastic
elastomer, a nonwoven fabric comprising the continuous fibers

mechanically entangled or bonded with together or a film made
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of thermoplastic elastomer. The film, if it is used, may be
moisture-permeable or molsture-impermeable. The sheet is
exemplarily shown in the form of nonwoven fabric comprising
continuous fibers 10.

The continuous fibers or film constituting the lower
layer 3 may be made of block copolymerized polyester comprising
hard and soft ingredients. The continuous fibers made of such
polyester is able to cope with an environmental condition with
its high moisture absorption as well as its high moisture
permeability comparable to those of natural fibers. Therefore,
the composite sheet 1 comprising such continuous fibers is
suitable as stockmaterial for garments such as disposable gowns.
The film made of such polyester is also adequately
moisture-permeable and the composite sheet 1 uging the £ilm is
suitable as stock material for liquid-impervious backsheets of
disposable body fluid absorbent articles such as disposable
diapers or sanitary napkins. Por such application of the film,
its hard and soft ingredients are combined so that the film may
have a moisture permesbility of at least 1000 g/m’/24hrs. as
measured in accordance with the prescription of JIS (Japanese
Industrial Standards) Z 0208 and a water pressure resistance
of at least 1 m, preferably at least 2 m as measured in accordance

with the preécription of JIS L 1092. An example of the film
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useful to make the composite sheet 1 1s a product of Toyobo Co.,
Ltd. put on the market under a trade name of PELPRENE P30B.

The hard ingredient is preferably polyester presenting
a glass transition temperature of 50°C or highexr which is
obtained from dicarboxylic acid anﬁ diol. At least one of
dicarboxylic acid and diol preferably includes an aromatic ring.
The dicarboxylic acid includes aromatic dicarboxylic acid such
as phthalic acid, terephthalic acid, isophthalic acid, 2,
6-naphtalene dicarboxylic acid, 1, 5-naphtalene dicarboxylic
acid, diphenyl-4, 4'-naphtalene dicarboxylic acid, 3, 3'=
dimethyldiphenyl-4, §'~dicarboxylic acid, 4, 4'~
diphenylsulfonedicarboxylic acid, and 4, i'-
diphenoxyethanedicarboxylic acid; aliphatic dicarboxylic acid
such as succinic acid, oxalic acid, adipic acid, sebacic acid
and dodecane diacid; and alicyclic dicarboxylic aqid such as
1, 4-cyclohexanedicarboxylic acid and decahydronaphthalene~
2, 6é-dicarboxylic acid.

The soft ingredient is preferably polyether, aliphatic
polyester or copolymer of polyether and aliphatic polyester,
which presents a glass transition temperature lower than 20°C.
Polyether includes polyethylene glycol, poly
(ethylene/propyrene) block polyglycol, polytetramethylene

glycol and polyhexamethylene glycol; and the aliphatic
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polyester includes polyethylene adipate, polybutylene adipate
and polycaprolactone.

These upper anci lower layers 2, 3 may be bonded together
at the bond regions 4 by heating them together under a pressure
or by ultrasonic-sealing them with each othex. If a technique
of machanical entanglement is also useful +to bond the
continuous fiber € of the upper layer 2 with the construction
of the lower layer 3, such mechanical entangling effect may be
achieved by means of needle punching, high pressura columnar
water streams or the 1ike. Preferably, each of the bond regions

4 has an area of 0.03 ~ 10 mm® and a total area of the bond regions

4 occupies 1 ~ 50 & of the composite sheet's area.

Pulling the composite sheet 1, for axample, in the
direction ¥ - Y causes the lower layer 3 to be elastically
stretched in the direction Y - Y. Stretching of the lower layer
3, in turn, causes the curved continuous fibers 6 of the upper
layer to be reoriented and thereby to be inelastically stretched
in the direction ¥ - Y. Before the curved continuous fibers
6 are completely straightened, a force required to stretch the
composite sheet 1 substantially corresponds to a force required

to stretch the lower layer 3 alone. The upperx layer 2 has little

influence upon the force required to stretch the composite sheet

1 since no significant force jis required for the upper layer
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2 to reorient its continuous fibers 6. Further pulling the
composite sheet 1 causes the curved continuous fibers 6 to be
further reoriented and thereby to be straightened in the region
extending between each pair of the adjacent bond regions 4. To
stretch the composite sheet 1 further from such condition, a
force is required, in addition to the force required to stretch
the lower layer 3 alone, to stretch the straightened continuous
fibere 6. The continuous fibers 6 do not prevent the lower layer
3 from being smoothly stretched also in the direction X - X so
far as the continuous fibers 6 maintains their curves. The
continuous fibers 6 preferably describe loops in the plane of
the composite sheet 1 to obtain the isotropic composite sheet
1 which is elastically stretched equally in the direction Y -
Y and in the direction X - X at least by 20 %.

Fig. 2 isaviewsimilar to rig. 1 but showing one preferred
embodiment of this invention. The composite sheet 1 according
to this alternative embodiment, the lower layer 3 is formed by
film 20 having an elastic stretchability in the direction Y -
Y or both in the direction ¥ - Y and in the direction X - X.
The upper layer 2 and the lower layer 3 are bonded with each
other at the bond reqions 4.

Fig. 3 élso is aview similar to Fig. 1 but showing another

preferred embodiment of this invention. In the case of this
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composite sheet 1, the lower layer 3 in the form of the film
20 is formed on its lower surface with a third layer 300 which
1s elastically or inelastically stretchable similarly to the
upper layer 2. These upper and lower layers 2, 3 and the third
layer 300 are bonded together at the bond regions 4. The third
layer 300 is an assembly of continuous fibers 310 made of
thermoplastic synthetic resin and the fibers 310 are prefarably
bonded together at the bond regions 4 but neither sealed nor
bonded together between each pair of the adjacent bond regions
4. Between each pair of the adjacent bond regions 4, the
continuous fihars 310 extend on the lower surface of the lower
layer 3 along curves, praferably aleng leops in the plane of
the composite sheet 1. As the composite sheet 1 is stretched,
the third layer 300 is also inelastically stretched in the same
manner as the upper layer 2. The continuous fibers 310 may be
of the same material as the continuous fibers 6.

According to this invention, it is also possible to obtain
the three-layered sheet as shown in Fig. 3 from the composite
sheet 1 of Fig. 1. For example, the lower layer 3 of the
composite sheet 1 of Fig.1 is formed on {ts lower surface with
the third layer 300 which is, in turn, bonded to the lower layer
3 at the bond regions 4.

Plg. 4 is a diagram schematically illustrating an example
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of the process for making the composite sheet. An endless belt
30 travels from the left hand toward the right hand as viewad
in the diagram. On the left hand, there is provided a first
melt blown fiber molder 31 above the belt 30 below which there
is provided a suction mechanism 31A. The first molder 31
includes a plurality of nozzles arranged transversely of the
belt 30 and adapted to discharge first melt blown continuous
fibers 35 of non~stretchable thermoplastic synthetic resin.
The continunous fibers 35 are accumulated on the belt 30 along
irregqular curves to forma first web 41. For the first web 41,
a discharge condition of the first molder 31 and a travelling
condition of the belt 30 are selected so that the continuous
fibers 35 stacked one upon another in the first web 41 may be
prevented frombeing bonded together or, even if sealed together,
these sealed continuous fibers 35 may be easily separated one
from another on the subseguent step. The first continuous
fibers 35 have a breaking extension of at least 70 %,

On the right side of the first molder 31, there are
provided a second melt blown fiber molder 32 and a suction
_ mechanism 32A. The second molder 32 also includes a plurality
of nozzles arranged transversely of the belt 30 and adapted to
discharge second melt blown continuous fibars 40 of elastically

stretchable thexmoplastic synthetic resin. The sacond malt
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blown continuous fibers 40 are accumulated on the first web 31
along irregular curves to form a second web 42. A discharge
condition of the second molder 32 is selected so that these
second continuous fibers 40 stacked one upon another may be
sealed together and thereby form a sheet having an elastic
stretchability in the travelling direction of the belt 30,
preferably in the travelling direction as well as in the
direction being orthogonal thereto. Such second continuous
fibers 40 have a breaking extension higher than that of the first
continuous fibers 35.

The first and second webs 41, 42 placed upon each other
are now fed together to vertically paired embossing rolls 34,
34. The webs 41, 42 are thereby heated under a pressure at the
bond regions arrvanged intermittently at least in the
longitudinal direction corresponding to the direction in which
these webhs 41, 42 are fed rather than in the direction orthogonal
to the longitudinal direction. In this manner, the webs 41,
42 are bonded together to form a first composite web 43.

The first composite web 43 travels through first, second
and third pairs of stretching rolls 36, 37, 38. The first and
third pairs of rolls 36, 38 rotate at the same speed but this
speed is lower than a revolution speed of the second pair of

xolls 37. A difference of the revolution speeds between the



Lo

L]

-13.

first pair of rolls 36 and the second pair of rolls 37 is adjusted

so that the first composite web 43 may be stretched at a room

temperature of 10 - 60 °C, preferably at a room temperature of
15 ~ 40 °C by a desired stretch ratio. After stretched, the
first composite web 43 elastically contracte to its initial
length between the second and third pairs of rolls 37, 38 to
form a second composite web 44,

On the step of stretching the first composite web 43, the
first continuous fibers 35 are longitudinally stretched
diameter-reduced under a plastic deformation within its
critical breaking extension between each pair of the adjacent
bond regions in which the £firxst and sacond webs 41, 42 have been
bonded together. The second web 42 comprising the second
continuous fibere 37 are elastically stretched within its
critical elasticity between each pair of the adjacent bond
regjons. On the step of stretching the first composite web 43,
except the bond regions in which the two webs are bonded together
by the pair of embossing rolls 34, it is desirable that any bonded
or mechanically entangled spots possibly having been formed
among the first continuous fibers 35 of the first web 41 can
be substantially loosened or disentangled. It is also
desirable that bonded spots possibly having been formed

between the first continuous fibers 35 and the second web 42
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can be practically eliminated. The first composite web 43
preferably has a stretch ratio of 50 ~ 300 %.

The second composite web 44 is taken up in the form of
a roll and subsequently is cut into a desired dimension to obtain
the individual composite sheet 1. The first and second webs
41, 42 in the second composite web 44 correspond to the upper
and lower layers 2, 3 in the composite sheet 1 of Fig. 1,
respectively. Portions of the second composite web 44 bonded
by the pair of embossing rolls 34 correspond to the bond regions
4 of the composite sheet 1.

Both the first and second webs 41, 42 are formed by the
continuous fibers and, even when the bond regions are arranged
at relatively wide intervals, these two webs 41, 42 can be
reliably held together. By arranging the bond regions at .
relatively wide intervals, a desjired stretchability of the
second composite web 44 and therefore of the composite sheet
1l can be substantially ensured.

When the second compogite web 44, therefore the composite
shest 1 obtained in this manner is used as stock material for
disposable garments such as disposable diapers or disposable
gowns used in a medical site, it is not apprehended that a poor
slidability peculiar to rubber-based material might stimulate

the wearer's skin even if the second web contains the
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rubber-based stretchable material. The first continuous
fibers 35 are stretched and thereby diameter-reduced, so these
continuous fibers 35 correspondingly become comfortably softer
than immediately after they have been discharged from the molder.
Except the bond regions, the £irst continuous fibers 35 of the
second composite web 44 are bonded neithexr with themselves nor
with the second web 42 and a relatively small force raequired
to stretch the second web 42 alone is sufficient as an initial
force required to stretch the second composite web 44.
Accordingly, the easily stretchable soft sheet is formed by the
second compositeweb 44 in spite of its two-layered construction.
The process accaording to the embodiment illustrated in Fig. 4
allows the first and second webs 41, 42 of the second composite
web 44 to maintain their respective basis weights immediately
after they have been discharged from the respective moldexs 31,
32, Both the first and second webs 41, 42 are agsemblies of
continuous fibars and therefore the second compogsite web 44
obtained from these two webs 41, 42 are generally breathable.
In addition, there is no apprehension that the fibers might
become fluffy and staple fibers might fall off even if the second
composite web 44 is repetitively stretched and contracted.
Elasticity of the second composite web 44 practically prevents

formation of wrinkles after the web 44 has bean folded. Such
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property is advantageous to use the composite sheet 1 as the
stock material for the medical disposable gown.

The steps of the process for making the composite sheet
1 illustrated by Fig. & may be modified in various manners. For
example, it is possible to feed the second 42 onto the belt 30
before the first web 41 is fed onto the belt 30. It is also
possible to use, in addition to the pair of embogsing rolls 34,
the other means such as needle punching or high pressure
columnar water streams in order to join the first and second
webs 41, 42. Alternatively, a third molder can be provided
dovnstrean of the second molder 32 in Fig. 4 80 that third melt
blown continuous fibers discharged from this third molder may
form a third web similar to the first web 41 on the second web
42 and thereby form a three-layered composite sheet 1 comprising,
in addition to the first and second webs 41, 42 and the thizrqd
web. The first web 41 and this third web may be either identical
to each other or different from each other in type or resin,
fineness, and appearance inclusive of coloz.

Fig. 5 is a diagram similar to FPig. 4 but illustrating
another preferred embodiment of the process for making the
composite sheet 1 of Fig. 2. According to this embodiment, a
film 52 made of thermoplastic elastomer and having an elastic

stretchability in the travelling direction of the belt 30 is
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fed as the second web 42 from the left hand of Fig. 5 and the
first web 41 comprieing the first continuous fibers 35 is fed
onto the film 52. The first and second webs 41, 42 travel to
the pair of embossing rolls 34, 34 in the same manner as in Fig,
4, between which the webs 41, 42 are intermittently bonded
togather to form the first composite web 43. This first
composite web 43 is further stretched by the first ~ third pairs
of rolls 36, 37, 38 and then contracted to form the second
composite web 44. In the second composite web 44 having been
formed with the bond regions 4 of Fig. 1 by bonding the firat
web 41 with the second web 42 in the form of the film 52, the
first web 41 comprises continuous fibers like the second
composite web 44 in Fig. 4. With this arrangement, the area
of the individual bond regions 4 can be dimensioned as small
as in the order of 0.03 ~ 1 mm* and/or the total area of the
bond regions 4 can be also dimensioned as small as in the oxder
of 1 ~ 10 % of the area of the second composite web 44 without
an apprehension that the first and second webs 41, 42 might be
easily separated from each other. It should be understood that
the area of the individual bond regions 4 may be selectively

varied in a range of 0.03 - 10 mm’* and/or the total area of these

bond regions 4 may be selectively varied in a rangeof 1 ~ 50 %

of the area of the second composite web 44 without departing
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from the scope of this invention.

The steps illustrated by Fig. 5 can be modified so that
the third melt blown fiber molder is used to feed the third
continuous fibers onto the lower surface of the film 52 onto
which the first continuous fibers 35 have been fed to obtain
the composite sheet 1 of Fig. 3 having the £ilm 52 sandwiched

between two fibrous webs.
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WHAT IS CLAIMED IS:

1. An elastically stretchable composite sheet comprising an
elastic sheet having a stretchability in two directions
orthogonal to each other and a sheet-like fibrous assembly
having an extensibility in said two direction bonded to at least
one surface of sald elastic sheet, wherein:

said fibrous assembly has a inelastic extensibility, sald
elastic sheet and said fibrous assembly are bonded together at
bond regions arranged intermittently in said two directions and
component fibers constituting said fibrous assembly are long
fibers continuocusly extending and describing curves betweean
each pair of adjacent bond regions in which said long fiber is

bonded to said elastic sheet.

2. The composite sheet according to Claim 1, wherein said
component fibera are neither sealed noxr bonded with one another
in a region extending between each pair of adjacent said bond

regions.

3. The composite sheet according to Claim 1, wherein said
component fibers are independent one from another in said region

extending between each pair of adjacent said bond regions.

AN A
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4. The composite sheet according to Claim 1, wherein said
component fibers describe loops in said region extending

between each pair of adjacent said bond regionms.

5. The composite sheet according to Claim 1, wherein said
component fibers are in the form of stretched yarns made of

polypropyrene or polyester.

6. The composite sheet according to Claim 1, wherein each

of said component fibers has a diameter of 0.1 ~ 50um.

7. The composite sheet according to Claim 1, wherein said

component fibers are continuous fibers.

8. The composite sheet aceording to Claim 1, wherein said

fibrous assembly has a basis weight of 2 ~ 100 g/m’.
9. The composite sheet according to Claim 1, wherein said
elastic sheet is made of elastically stretchable film or

elastically stretchable continuous fibers.

10. The composite sheet according to Claim 9, wherein said

A
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elastically stretchable film is moisture-permeable.

11. The composite sheet according to Claim 9, wherein said
elastically stretchable film presents a moisture-permeability
of at least 1000 g/m’/24 hrs. as measured according to the
prescription of JIS 2 0208 and a water pressure resistance of
at least 1 m as measured according to the prescription of JIS

L 1092.

12. The composite sheet according to Claim 9, wherein said
elastically stretchable film is made of block copolymerized
polyester comprising hard and soft ingredients and said soft

ingredient is polyether or copolymer of polyether.

13. The composite sheet according to Claim 9, wherein said
elastically stretchable continuous fibers are made of block
copolymerized polyester comprising hard and soft ingredients

and said soft ingredient is polyethaer or copolymer of polyether.

14. The composite sheet according to Claim 1, wherain said
composite sheet is elastically stretchable at least by 20 % in

said two direction.
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