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(54) MANUFACTURING LINE FOR NONWOVEN FABRIC

(57) Nonwoven fabric manufacturing line (1), which
comprises a forming device (2) for forming a fibre web
(3) on a moving web-forming base (4) and a spunlacing
device (5) for reinforcing the web (3). Further, the line
comprises at least one first drying device (8, 10) for drying

the web (3) and a calender (12) for forming patterning in
the web (3). The manufacturing line (1) comprises at least
one second drying device (14) for drying the calendered
web (3), which second drying device (14) is located after
the calender (12) in the direction of travel of the web (3).
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Description

FIELD OF TECHNOLOGY

[0001] The invention relates to a manufacturing line,
according to the preamble to Claim 1, for a nonwoven
fabric, and correspondingly a method for manufacturing
the nonwoven fabric.

BACKGROUND

[0002] Numerous different types of properties are re-
quired of nonwoven fabric wiping products. They must
have sufficient absorbency, strength, and wear resist-
ance for the intended use. In addition, they must be suf-
ficiently biodegradable, so as to not lead to long-term
environmental loading.
[0003] Decorative patterning is made in nonwoven-
fabric products, and the patterns can also transmit infor-
mation in several different ways, as is described, for ex-
ample, in international patent application
PCT/FI2018/050902.
[0004] Wet-spreading is a web-forming process used
in the manufacture of nonwoven fabric, which is a rapid,
economical, and environmentally-friendly method. All the
water used in wet spreading can be filtered and reused.
In wet spreading, the initial operations are similar to those
in paper manufacture. The web formed by wet spreading
requires binding to achieve a sufficient strength. If the
web material contains thermoplastic material, heat can
be used to partly melt this material and thus reinforce the
web. All thermoplastic materials are not, however, bio-
degradable, which limits their use as web binders. The
web can also be bound chemically with the aid of binders.
[0005] Spunlacing is a generally used method to rein-
force the web in nonwoven fabric manufacture. In the
method, the fibres are needled with the aid of high-pres-
sure water jets. If the web is transported on a base, in
which there is a patterned surface, spunlacing can be
used to form a permanent pattern in the web surface.
The process can then be called water patterning. Water
patterning can also be formed on the web’s surface using
a patterning roll, to which the web is transferred from the
spunlacing unit. Water patterning using a patterning roll
is described in EP application number 19397518.2.
[0006] In addition to water patterning, the web can be
patterned using a calender or belt. A drawback with belt
patterning is the long time needed to change the belt. In
addition, the belt patterning unit is long, thus increasing
the length of the manufacturing line. A drawback with
patterning performed using a patterning drum is the
equipment’s high price. A drawback with patterning
formed by calendering is, in turn, that the patterning van-
ishes when the nonwoven fabric wets, particularly if the
nonwoven fabric does not contain thermoplastic material.

SUMMARY

[0007] The intention of the present invention is to cre-
ate a new type of nonwoven-fabric manufacturing line
and method, by which the problems described above can
be reduced.
[0008] The intentions of the invention are achieved by
means of a manufacturing line, according to Claim 1, for
a nonwoven fabric, which comprises a forming device to
form a fibre web on a moving forming base, a spunlacing
device to reinforce the web, at least one first drying device
to dry the web, and a calender to form patterning in the
web. In addition, the manufacturing line comprises at
least one second drying device to dry the calendered
web. The second drying device is located after the cal-
ender in the direction of travel of the web.
[0009] Considerable advantages are achieved by
means of the solution according to the invention. The
patterning of a nonwoven-fabric product manufactured
on a manufacturing line according to the invention does
not disappear when the nonwoven-fabric product be-
comes wet, even though the patterning of the nonwoven-
fabric product is made by calendering. In addition, the
manufacturing line can be short, because patterning is
made by calendering, and a long belt-patterning unit is
not needed. A calender is also considerably cheaper than
the equipment used in drum patterning.

BRIEF DESCRIPTION OF THE DRAWING

[0010] In the following, the invention is described with
reference to the accompanying drawing, which shows as
a schematic diagram a nonwoven-fabric manufacturing
line according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENT 
ACCORDING TO THE DRAWING

[0011] The drawing shows schematically a patterned
nonwoven-fabric manufacturing line 1. A nonwoven fab-
ric is a fabric-like material, which is made by combining
fibres in set or random directions, using friction and/or
cohesion and/or adhesive. Papers, woven, tufted, sewn,
or felted fabrics are not included in the term nonwoven
fabrics. Continuous filament fibres, as well as short and
long fibres, which can be both natural and artificial fibres,
are used in nonwoven fabrics.
[0012] The manufacturing line 1 comprises a formation
device 2 for forming a fibre web 3 on a moving forming
base 4. The forming device 2 is of the type wet-forming
devices, for example a headbox, by which a watery fibre
suspension is fed to the forming base 4.
[0013] Alternatively, the forming device 2 can be of the
type dry-forming devices, such as a carding device or an
air-spreading device. The fibre web 3 forming on the
forming base 4 by carding or air-spreading must then be
moistened at a later processing stage, for example by
spunlacing.
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[0014] The forming base 4 is a forming wire. The fibre
web 3 can contain biodegradable material.
[0015] The manufacturing line 1 comprises a spunlac-
ing unit 5 to reinforce the web. The spunlacing unit 5
comprises at least one nozzle 6 to direct a high-pressure
water jet 7 through the web 3. Typically the spunlacing
unit 5 comprises several nozzles 6 arranged consecu-
tively, for example 3-15 nozzles 6 arranged consecutive-
ly.
[0016] The manufacturing line 1 comprises at least one
first drying device 8, 10 to dry the web 3. The first drying
device 8, 10 is located after the spunlacing unit 5 in the
direction of travel of the web 3 and/or at the spunlacing
unit 5. The first drying device 8, 10 is arranged to dry the
web to a moisture content of 20-50 percent by weight,
typically 30-40 percent by weight. The drying device 10
after the spunlacing unit 5 can be a mechanical dryer, a
suction dryer, a through-blowing dryer, or an oven dryer,
such as, for example, a foulard, a suction dryer, a cylinder
dryer, or an omega-dryer. The direction of travel of the
web 3 is marked in the drawing with an arrow 9.
[0017] A suction dryer 8 operating by vacuum is locat-
ed at the spunlacing unit 5. If the suction dryer 8 is suf-
ficiently powerful, the desired moisture content of the web
3 can be achieved without a separate dryer 10 after the
spunlacing unit 5. Alternatively an additional dryer can
be located in connection with the suction dryer 8, for ex-
ample another suction dryer, in order to achieve the de-
sired moisture content.
[0018] The manufacturing line 1 comprises a pattern-
ing device to form three-dimensional patterning in the
web 3. The patterning device is a calender 12, which
comprises two rotating rolls 13, which are arranged in a
mutual nip contact and form the nip between which the
web 3 is arranged to run. In calendering, the web 3 is
shaped by being pressed in the nip between the rolls 13.
In addition, in calendering heat can be used in addition
to compression to shape the web 3. In one, or both of
the rolls 13 is a patterned surface to pattern the web 3.
The calender 12 is located after the first drying device 8,
10, in the direction of travel of the web 3. The web 3
arriving at the calender 12 has been dried by the first
drying device 10 to a moisture content of 20-50 percent
by weight, typically 30-40 percent by weight.
[0019] The manufacturing line 1 also comprises at
least one second drying device 14 to dry the calendered
web 3. The second drying device 14 is located after the
calender 12 in the direction of travel of the web 3. The
calender 12 is thus between the first drying device 8, 10
and the second drying device 14 in the direction of travel
of the web 3. The second drying device 14 is typically a
mechanical dryer, through-blowing dryer, or oven dryer,
such as, for example, a foulard, cylinder dryer, or omega
dryer. The second drying device 14 is arranged to dry
the web 3 to its final moisture content, i.e. the moisture
content at which the web is brought to the rolling machine
11. The second drying device 14 is the last drying device
on the manufacturing line 1.

[0020] The manufacturing line 1 also comprises a roll-
ing machine 11 to reel the web 3 onto a roll. The rolling
machine 11 is located after the second drying device 14
in the direction of travel of the web 3. The rolling machine
11 is the last device on the manufacturing line 1.
[0021] According to the drawing, the manufacturing
line 1 operates as follows. A fibre suspension is fed to a
moving forming base 4, typically a wire, and a web 3 is
formed. A forming device 2, such as wet-spreading, card-
ing, or air-spreading, is used to feed the fibre suspension
to the base 4.
[0022] Next, the web 3 is spunlaced by directing one
or more high-pressure water jets 7 onto the web 3. Spun-
lacing is performed using a spunlacing unit 5, which com-
prises at least one nozzle 6, from which a water jet 7 is
directed onto the web 3. Typically there are 3-15 consec-
utive nozzles 6. At the spunlacing unit 5 there is a suction
dryer 8, by which water is removed from the web 3.
[0023] The web 3 is dried in the first drying stage using
at least one drying device 8, 10. In the first drying stage,
the web is dried to a moisture content of 30-40 percent
by weight.
[0024] After the first drying stage, the web is calend-
ered and three-dimensional patterning is formed in it by
the calender 12. The calender 12 comprises two rolls 13
arranged in nip contact 13, the web 13 being led through
the nip between them. In calendering the web 3 is shaped
by pressing it in the nip between the rolls 13. Heat can
be used in addition to compression to shape the web 3.
The moisture content of the web 3 brought to the calender
12 is 20-50 percent by weight, typically 30-40 percent by
weight.
[0025] After calendering the web 3 is dried in a second
drying stage using a second drying device 14. In the sec-
ond drying stage, the web 3 is dried to its final moisture
content. The web 3 is calendered between the first and
second drying stages. After the second drying stage the
web 3 is reeled onto a roll by a rolling machine 11.
[0026] In the solution according to the invention, the
cellulose molecule chains in the wet nonwoven fabric cre-
ate short-lived hydrogen bonds. At the same time, these
molecule chains slide to overlap each other, which in-
creases the number of their hydrogen bond points. When
the nonwoven fabric is calendered, the hydrogen bonds
are broken. This permits the easier rearrangement of the
molecule chains. The pressure caused by calendering
reduces the overlapping of the chains and thus also re-
duces the number of hydrogen bond points. When the
pressure of the calendering ceases, the nonwoven fabric
can form these hydrogen bonds normally. Because there
are fewer of these points, fewer hydrogen bonds are also
formed. As the fabric is dried rapidly after this, the mol-
ecule chains are practically unable to move on top of
each other, so that new hydrogen bond points cannot
arise. When the nonwoven fabric is dry, the hydrogen
bonds become more permanent bonds and the nonwo-
ven fabric remains in the patterned form. If the nonwoven
fabric is wetted again, it begins to form new hydrogen
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bonds and the cellulose molecules begin to slide on top
of each other again. In the calendered areas there is less
overlapping of the molecule chains, so that here there
come fewer hydrogen bonds. In the uncalendered areas
there is more overlapping of the molecule chains and this
layering is faster than in the calendered areas, therefore
these areas are distinguished even more clearly from the
calendered areas and emphasize the three-dimensional
effect of the calendered pattern.
[0027] The nonwoven fabric made using the solution
according to the invention contains natural fibres and/or
regenerated fibres. The fibres are bound together by
spunlacing. The nonwoven fibre contains at least two dif-
ferent areas, the first area is compressed when wet and
the second area is not compressed. In the dry nonwoven
fabric there are more hydrogen bond points in the second
area than in the first area.

Claims

1. Nonwoven fabric manufacturing line (1), which com-
prises:

- a forming device (2) for forming a fibre web (3)
on a moving web-forming base (4),
- spunlacing device (5) for reinforcing the web
(3),
- at least one first drying device (8, 10) for drying
the web (3), and
- a calender (12) for forming patterning in the
web (3),

characterized in that the manufacturing line (1)
comprises at least one second drying device (14) for
drying the calendered web (3), which second drying
device (14) is located after the calender (12) in the
direction of travel of the web (3).

2. Manufacturing line (1) according to the Claim 1,
characterized in that the first drying device (8, 10)
is arranged to dry the web (3) coming to the calender
(12) to a moisture content of 20-50 percent by weight,
typically 30-40 percent by weight.

3. Manufacturing line (1) according to Claim 1 or 2,
characterized in that the web-forming device (2) is
a wet-spreading device, for example a headbox,
which is arranged to feed a watery fibre suspension
onto the forming base (4).

4. Manufacturing line (1) according to any of the above
Claims, characterized in that the web-forming base
(4) is a wire.

5. Manufacturing line (1) according to any of the above
Claims, characterized in that the first drying device
(8, 10) is located, in the direction of travel of the web

(3), after the spunlacing unit (5) and/or at the spun-
lacing unit (5).

6. Manufacturing line (1) according to any of the above
Claims, characterized in that the second drying de-
vice (14) is the last drying device on the manufac-
turing line (1).

7. Method for manufacturing nonwoven fabric, com-
prising:

- forming a fibre web (3) by a forming device (2)
on a moving web-forming base (4),
- reinforcing the web (3) by spunlacing,
- drying the web with at least one first drying
device (8, 10), and
- forming patterning in the web (3) by calander-
ing,

characterized in that in the manufacturing line (1)
the web is dried by at least one second drying device
(14) for drying the calendered web (3), which second
drying device (14) is located after the calender (12)
in the direction of travel of the web (3).

8. Method according to according to the Claim 7, char-
acterized in that the first drying device (8, 10) is
arranged to dry the web (3) coming to the calender
(12) to a moisture content of 20-50 percent by weight,
typically 30-40 percent by weight.

9. Method according to Claim 7 or 8, characterized in
that the web (3) is formed by a wet-spreading device,
for example a headbox, which is arranged to feed a
watery fibre suspension onto the forming base (4).

10. Method according to any of the above Claims 7 - 9,
characterized in that the web-forming base (4) is a
wire.

11. Method according to any of the above Claims 7 - 10,
characterized in that the first drying device (8, 10)
is located, in the direction of travel of the web (3),
after the spunlacing unit (5) and/or at the spunlacing
unit (5).

12. Method according to any of the above Claims 7 - 11,
characterized in that the second drying device (14)
is the last drying device on the manufacturing line (1).
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