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(57)  Apparatus for the production of thermally bond-
ed non-woven fabric, in which a web of fibres produced
by carding or extrusion by the "spun-bonding" method
is supplied, by means of a conveyor belt impermeable
to air, to a calender comprising a pair of heated rolls,
comprises:

- afirst screen with a cylindrical profile (9, 109, 209)
which faces a portion of the surface of the first cal-
ender roll (3, 103, 203) and, as a result of the rota-
tion of this roll, produces a laminar air-jet directed
towards the region in which the distance between

Apparatus for the production of non-woven fabric thermally bonded by calendering

the first calender roll and a perforated following roll
(7, 107, 207) is shortest, and

- asecond screen with a cylindrical profile (15, 115,
215) which faces the surface of the first calender
roll (3, 103, 203) that is disposed between the per-
forated following roll (7, 107, 207) and the region of
contact between the two calender rolls (3, 103, 203;
4, 104, 204) and, as a result of the rotation of the
firstroll, produces a laminar air-jet which directs and
compresses the web in a uniform manner onto the
said surface of the first roll (3, 103, 203).
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Description

[0001] The presentinvention relates to apparatus for
the production of non-woven fabric in which a web of
fibres produced by carding or extrusion by the "spun-
bonding" method is supplied, by means of a conveyor
belt, to a calender comprising a pair of heated, contra-
rotating rolls.

[0002] Apparatus of the above-mentioned type is
known from EP-A-0 867 550; in this apparatus, the axes
of rotation of the two heated calender rolls, to which a
web produced by carding is supplied, lie in a vertical
plane and the point of contact between the two rolls is
slightly below the region in which the web is output from
the conveyor belt.

[0003] Afirstdisadvantage of this apparatus lies in the
fact that the unsupported portion of the web disposed
between the region in which it is detached from the con-
veyor belt and the region of contact between the calend-
errolls is substantially horizontal. This portion of the web
is consequently subjected, by the effect of gravity, to a
force perpendicular to its direction of movement, and
this tends to damage the web which is not yet bonded.
[0004] In order to make up for the lack of mechanical
stability of this horizontal portion of the web, the web is
stretched by an increase in the speed of rotation of the
calender rolls relative to the speed of movement of the
conveyor belt, which corresponds to the speed at which
the web is produced by carding.

[0005] However, the amount of stretch must be very
limited to avoid reducing the transverse strength of the
web to below the minimum value required by the users
of the product, and to prevent the formation of holes in
the web. A further disadvantage of this apparatus lies in
the fact that the above-mentioned unsupported portion
of the web is subject to the effect of an irregular ascend-
ing stream of hot air which is generated by the lower
calender roll and causes deformation of the web. It is
not possible to compensate fully for this deformation by
increased stretching since the stretching must neces-
sarily be limited for the reasons indicated above.
[0006] Apparatus which is improved in comparison
with that described above is also known from EP-A-0
867 550; in this apparatus both of the calender rolls are
disposed below the conveyor belt that supplies the web
and the axes of the rolls lie in a horizontal plane.
[0007] In this apparatus, the unsupported portion of
the web is arranged substantially vertically, rather than
horizontally, so that the web is subjected, by the effect
of gravity, to a force which is directed along the axis of
movement of the web, rather than perpendicular there-
to. One of the causes of deformation of the web is thus
eliminated, but the web is still subject to the effect of an
irregular ascending stream of hot air which, in this case,
is generated by both of the heated calender rolls so that,
in this case also, increased stretching is required but
must not exceed a certain limit, for the reasons indicated
above.
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[0008] To prevent this problem, apparatus of the type
indicated above has already been proposed, in which
the belt that transports the web is permeabile to air, the
axes of the two calender rolls lie in a vertical plane, and
the point of contact of the rolls is situated at a level sub-
stantially above that of the point of output of the web
from the conveyor belt, the vertical distance between
these two points being approximately equal to the radius
of the lower calender roll.

[0009] This apparatus also comprises a suction roll
which is in contact both with the return roll of the con-
veyor beltin the vicinity of which the web leaves the belt,
and with the lower calender roll.

[0010] This suction roll is constituted by a perforated,
hollow roll which rotates in the opposite direction to the
return roll on a hollow, fixed roll the surface of which has
an interruption of an angular extent corresponding to
that of the surface of the perforated roll disposed be-
tween the above-mentioned contact points.

[0011] The internal cavity of the hollow, fixed roll com-
municates with a suction source so that, in operation,
the web adheres to the suction roll by suction on its path
between the conveyor belt and the lower calender roll,
which is generally knurled.

[0012] The web also adheres to the lower calender
roll on its path between the point of contact of this lower
roll with the suction roll and the point of contact of the
lower roll with the upper calender roll, which is generally
smooth. The web thus undergoes preliminary bonding
on these paths before it is bonded thermally.

[0013] The peripheral velocities of the suction roll and
of the two calender rolls are almost equal to the speed
at which the web is transported on the conveyor belt
(which, as stated above, corresponds to the speed at
which the web is produced by the carding) so that the
web is not stretched during the bonding step.

[0014] This known apparatus also has the following
disadvantages:

a) it necessarily requires the use of a perforated
conveyor belt to allow the suction roll to take in the
air contained in the web, which is normally consti-
tuted by at least two superimposed carding webs;
as aresult of this suction, the short fibres of the web
infiltrate the belt, forming therein a rough surface on
which the antistatic layer with which the web is pro-
vided stops, giving rise to the formation of deposits
on the belt which damage the quality of the web;

b) the suction roll is very complex and expensive
and requires modification of the flow-rate of air
drawn in upon each change of speed of the web,
and

c) it does not allow the speed of the rolls to be in-
creased substantially because - since the permea-
bility of the conveyor belt to air is fixed - it would not
be possible to increase the permeability of the belt
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in proportion to the increase in speed of the rolls, to
permit correct outlet of the air drawn in.

[0015] To prevent the above-mentioned problems of
the prior art, the subject of the present invention is ap-
paratus for the production of non-woven fabric of the
type indicated above, having the characteristic which
forms the subject of Claim 1.

[0016] Further characteristics and advantages of the
present invention will become clear from the following
description with reference to the appended drawings,
provided purely by way of non-limiting example, in
which:

Figure 1 shows a first embodiment of the present
invention,

Figure 2 shows part of a perforated roll used in the
apparatus shown in Figure 1, extended in a plane,

Figure 3 shows a variant of Figure 2,
Figure 4 shows a first variant of Figure 1, and
Figure 5 shows a second variant of Figure 1.

[0017] In the embodiment shown in Figure 1, a web
of synthetic thermoplastic fibres such as polypropylene,
polyester or polyamide fibres, which is produced by
carding in known manner, is supplied on a conveyor belt,
indicated 1, that is impermeable to air.

[0018] Areturnroll of the belt 1 is indicated 2; the web
leaves the belt in the region of this return roll in order to
be fed - in the manner which will be described below -
between the two heated rolls 3, 4 of a calender which
bonds the web thermally.

[0019] Preferably, the first roll 3, which is the first roll
with which the web comes into contact, is knurled,
whereas the second roll 4 is smooth. The fibres of the
web are welded together at points, in known manner, as
a result of their passage between the two rolls 3 and 4.
[0020] The bonded web 5 emerging from the calender
1is intended for use in the production of non-woven fab-
rics.

[0021] The axes of the two calender rolls 3, 4 lie in a
horizontal plane and the tops of the rolls are situated
slightly below a horizontal plane tangential to the top of
the return roll 2.

[0022] A perforated pressure roll 6, constituted by a
hollow roll having holes in its surface, acts on the web
transported by the belt 1, upstream of the return roll 2.
[0023] The roll 6 compresses the web, reducing its
thickness and thus bonding together the two or more
webs of which itis composed. The holes provided in the
surface of the roll 6 enable the air expelled from the web
1 as a result of its compression by the roll 6 to be dis-
charged into the cavity inside the roll 6, which is in com-
munication with the external atmosphere.
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[0024] A perforated following roll 7, interposed be-
tween the return roll 2 of the conveyor belt 1 and the first
calender roll 3, is almost in contact with both of the rolls
2 and 3, its distance from each of these rolls being of
the order of 5 mm.

[0025] The following roll 7 exerts a pressure on the
web in order to cause it to adhere to the first calender
roll 3 at a point situated in the vicinity of the top of the
roll 3. A portion of the roll 7 extends below a horizontal
plane tangential to the return roll 2 so that the roll 7 forc-
es the web to form a loop on its path between the rolls
2 and 3. As a result, the web is subjected to a slight
tension by the roll 7 and thus reaches the roll 3 without
folds. The roll 7 also helps to discharge the air still con-
tained in the web into the interior of the roll.

[0026] As shown in Figure 2, the surface of the roll 7
preferably has elongate holes 8 extending transversely
relative to the direction F of the movement of the web
on the conveyor belt 1 and arranged in rows which are
parallel to the axis of rotation and are spaced apart uni-
formly, the holes of each row being offset relative to the
holes of the two adjacent rows.

By way of example, the holes 8 may have a length of 15
mm and a width of 5 mm and the holes of each row may
be spaced apart by 10 mm.

[0027] In the variant of Figure 3, the elongate holes,
indicated 8a, are inclined to the axis of rotation of the
roll 7 alternately in opposite directions relative to the di-
rection F of advance of the web. The axis of each hole
8a is preferably inclined at an angle of between 30 and
45¢° to the axis of rotation of the roll 7.

[0028] According to variants, not shown, the holes
may have a circular or polygonal outline, or the surface
of the roll 7 may be constituted by a metal mesh.
[0029] A first cylindrical screen, indicated 9, faces the
surface of the roll 3 remote from that which faces the roll
4.

[0030] As a result of the rotation of the roll 3, the
screen 9 produces a laminar air-jet directed towards the
region in which the distance between the roll 3 and the
overlying following roll 7 is shortest. This air-jet, which
is discharged through the holes in the roll 7, directs and
compresses the web in a uniform manner so that it is
possible to operate with a very limited stretch, avoiding
the disadvantages connected with a large amount of
stretch.

[0031] The screen 9 is supported by a fixed, hollow
body 10 containing a fluid which is circulated, by means
of a pump 11, in a circuit including an intake duct 12, a
heat exchanger 13, and a delivery duct 14. This screen
9, and consequently the air directed thereby, are thus
kept at a moderate temperature such as not to damage
the web.

[0032] A second screen 15 with a cylindrical profile
faces the surface of the roll 3 disposed between the per-
forated following roll 7 and the region of contact between
the calender rolls 3 and 4.

[0033] As a result of the rotation of the roll 3, the
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screen 15 produces a laminar air-jet which directs and
compresses the web onto this surface of the roll 3 in a
uniform manner. This prevents the ascending high-tem-
perature air turbulence which would otherwise arise in
the upper space between the two rolls 3 and 4 as aresult
of their rotation in opposite directions and the conse-
quent damage to the web in the form of blisters, break-
ages, buckling and striation.

[0034] The screen 15 is supported by a fixed, hollow
body 16 containing a fluid which is circulated by means
of a pump 17 in a circuit which comprises an intake duct
18, a heat exchanger 19, and a delivery duct 20.
[0035] The advantages of the above-described web-
bonding apparatus lie in the fact that it enables the air
contained in the web to be discharged in a manner such
as to bring about preliminary bonding of the fibres and
to improve the adhesion of the web to the first calender
roll.

[0036] Moreover, in this apparatus, the speed of the
conveyor belt and the speeds of the perforated rolls and
of the calender rolls are not linked to one another so that
it is possible to take full advantage of the good cohesion
characteristics of the carded fibres, controlling the de-
gree of stretch as required, which enables the produc-
tion speed to be increased without changing the tough-
ness value or the degree of isotropy of the product.
[0037] In the first variant of Figure 1, which is shown
in Figure 4, corresponding parts are indicated by the
same reference numerals increased by 100.

[0038] This variant differs from the embodiment
shown in Figure 1 in that the axes of the calender rolls
103 and 104 (which are arranged, as in Figure 1, below
the horizontal plane in which the active pass of the con-
veyor belt 201 lies) lie in a vertical plane.

[0039] The top of the first calender roll 103 is tangen-
tial to the above-mentioned horizontal plane and the
lower surface of the perforated following roll 107 ex-
tends below this plane so that, as in the embodiment of
Figure 1, a loop is formed, causing the web to adhere
to the roll 103, conferring a limited tension on the web.
The functions of the perforated pressure roll 106, of the
perforated following roll 107, and of the screens 109 and
115 correspond to those of the corresponding parts de-
scribed with reference to Figure 1.

[0040] In the second variant of Figure 1 which is
shown in Figure 5, corresponding parts are indicated by
the same reference numerals increased by 200.
[0041] In this variant, the perforated pressure roll, in-
dicated 6 in Figure 1 and 106 in Figure 4, has been omit-
ted and the axes of the rolls 203 and 204 lie in a vertical
plane as in the embodiment shown in Figure 4, but are
disposed above the horizontal plane in which the active
pass of the conveyor lies, rather than below this plane.
[0042] The perforated following roll 207 is disposed
above the returnroll 202 so thatit also acts as a pressure
roll for discharging the air from the web on its path be-
tween the point of contact A between the rolls 207 and
202 and the point of contact B between the rolls 207 and
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203. A preliminary bonding of the web then takes place
on its path between point B and the point of contact C
between the calender rolls 203 and 204.

[0043] Although reference is made in the foregoing
description to apparatus for the bonding by calendering
of a web of fibres produced by carding, the invention
may also advantageously be applied to a web produced
by extrusion, that is, when the well-known method
known as "spun-bonding" is used.

Claims

1. Apparatus for the production of thermally bonded
non-woven fabric, in which a web of fibres produced
by carding or extrusion by the "spun-bonding" meth-
od is supplied, by means of a conveyor belt imper-
meable to air, to a calender comprising a pair of
heated rolls, characterized in that it comprises:

- a first screen with a cylindrical profile (9, 109,
209) which faces a portion of the surface of the
first calender roll (3, 103, 203) and, as a result
of the rotation of this roll, produces a laminar
air-jet directed towards the region in which the
web contacts the first calender roll, and

- a second screen with a cylindrical profile (15,
115, 215) which faces the surface of the first
calenderroll (3, 103, 203) that is adjacent to the
region of contact between the two calender rolls
(3,103, 203; 4, 104, 204) and, as a result of the
rotation of the first roll, produces a laminar air-
jet which directs and compresses the web in a
uniform manner onto the said surface of the first
roll (3, 103, 203).

2. Apparatus according to Claim 1, characterized in
that it also comprises a hollow following roll (7, 107,
207) having a perforated surface which acts on the
web on its path between the conveyor belt (1, 101,
201) and the first calender roll (3, 103, 203) in a
manner such as to exert on the web a slight pres-
sure which promotes the adhesion of the web to the
first roll and causes the air contained in the web to
be discharged into the interior of the following roll
(7, 107, 207).

3. Apparatus according to Claim 1, characterized in
that it also comprises a hollow pressure roll (6, 106,
206) having a perforated surface which acts on the
web transported by the conveyor belt (1, 101, 201),
upstream of a return roll (2, 102, 202) in the vicinity
of which the web leaves the conveyor belt, so as to
compress the web, reducing its thickness and bond-
ing the webs of which it is composed, the air ex-
pelled from the web as a result of this compression
being discharged into the interior of the hollow pres-
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sure roll (6, 106, 206) through holes (8, 8a) in its
surface.

Apparatus according to Claim 1, characterized in
that cooling means are provided for cooling each
of the above-mentioned two cylindrical screens (9,
109, 209; 15, 115, 215).

Apparatus according to Claim 3, characterized in
that each cylindrical screen (9, 109, 209; 15, 115,
215) is supported by a hollow body (10, 110, 210;
16, 116, 216) containing a coolant fluid which is cir-
culated in a circuit comprising a heat exchanger (13,
113, 213; 19, 119, 219).

Apparatus according to Claim 1, characterized in
that the holes in the hollow following roll (7, 107,
207) are constituted by elongate holes (8) extend-
ing transversely relative to the direction of move-
ment of the web.

Apparatus according to Claim 1, characterized in
that the holes in the hollow following roll (7, 107,
207) are constituted by elongate holes (8a) inclined
to the axis of rotation of the roll and extending alter-
nately in opposite directions relative to the direction
of movement of the web.

Apparatus according to Claim 1, characterized in
that the two calender rolls (3, 4) have their axes ly-
ing in a substantially horizontal plane and are dis-
posed below the horizontal plane in which the active
pass of the conveyor (1, 101) lies.

Apparatus according to Claim 1, characterized in
that the two calender rolls have their axes lying in
a substantially vertical plane and are disposed be-
low the substantially horizontal plane in which the
active pass of the conveyor lies.

Apparatus according to Claim 1, characterized in
that the two calender rolls (203, 204) have their ax-
es lying in a substantially vertical plane and are dis-
posed above the substantially horizontal plane in
which the active pass of the conveyor lies.
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