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(57) ABSTRACT

Disclosed 1s a melt-blown fiber web with improved concen-
tration force and elasticity, whereby a melt-blown fabric 1s cut
and sealed at predetermined intervals using knives having
arbitrary patterns so that concentration force and elasticity of
the melt-blown fiber web can be improved without degrading
the inherent function of the fiber web. Further disclosed are a
method and apparatus for manufacturing the melt-blown fiber
web. The melt-blown fiber web 1ncludes thermoplastic fila-
ments, wherein cutting portions and sealing portions are
arranged on top and bottom surfaces of the fiber web at
predetermined intervals along a thickness of the fiber web so
that a concentration force and elasticity of the fiber web are
improved.
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| SIMULTANEOUSLY WITH RADIATION, BY ALLOWING HIGH-TEMPERATURE
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MELI-BLOWN FIBER WEB WITH
IMPROVED CONCENTRATION FORCE AND
ELASTICITY AND METHOD AND
APPARATUS FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED PATEN'T
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2012-0125856, filed on Nov. 8, 2012 in
the Korean Intellectual Property Office, the disclosure of
which 1s incorporated herein 1n 1ts entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a melt-blown fiber
web with improved concentration force and elasticity and a
method and apparatus for manufacturing the melt-blown fiber
web.

[0004] 2. Description of the Related Art

[0005] In general, a process of manufacturing a melt-blown
fiber web includes a wave forming process 1n which filaments
are extended and are formed 1nto a wave by spraying a ther-
moplastic resin, such as polypropylene, onto the filaments in
a vertical downward direction so as to allow a high-tempera-
ture and high-speed gas having constant temperature, pres-
sure, and speed to collide with the filaments. The process
turther includes collecting and stacking the filaments 1n
which the wave 1s formed to thereby form the fiber web.
[0006] Since melt-blown fine fibers that are manufactured
in the above process have a very thin average diameter of
about 0.3 to 10 um, together with a very large surface area, the
melt-blown fine fibers are widely used for various types of
high-performance filters, wipers, oil-absorbing matenals,
heat insulation materials, and absorbers.

[0007] However, since the fine fibers that form the melt-
blown fiber web have alow strength and a weak concentration
force between the fine fibers, when the melt-blown fiber web
1s used without performing additional processing, the con-
centration of the fiber web may be easily destroyed.

[0008] In order to reinforce the strength of the fine fibers
and the concentration force between the fine fibers, the melt-
blown fiber web 1s subjected to additional processing prior to
use.

[0009] For example, the strength of the fine fibers and the
concentration force between the fine fibers can be remnforced
by connecting arbitrary portions of the melt-blown fiber web
using a high frequency treating device, or by sewing and
fixing the melt-blown fibers.

[0010] However, when exiting methods are used, costs
increase. Further, the fiber web becomes damaged when high
frequency treatment or sewing 1s performed. Thus, the inher-
ent Tunction of the fiber web may be degraded, or the thick-
ness of the fiber web may be very small.

SUMMARY OF THE INVENTION

[0011] The present invention provides a melt-blown fiber
web with improved concentration force and elasticity. More
particularly, the present invention provides a melt-blown fab-
ric that 1s cut and sealed at predetermined intervals using
knives having arbitrary patterns so that concentration force
and elasticity of the melt-blown fiber web can be improved
without degrading the inherent function of the fiber web. The
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present invention further provides a method and apparatus for
manufacturing the melt-blown fiber web.

[0012] According to an aspect of the present invention,
there 1s provided a melt-blown fiber web 1ncluding thermo-
plastic filaments, wherein cutting portions and sealing por-
tions are arranged on top and bottom surfaces of the fiber web
at predetermined intervals along a thickness of the fiber web
so that a concentration force and elasticity of the fiber web are
improved.

[0013] According to various embodiments, the shape of
cach of the cutting portions and the sealing portions 1s at least
one selected from the group consisting of a straight line
shape, a cross shape, an X-shape, a circle, and a T-shape, or a
combination thereof.

[0014] According to another aspect of the present mnven-
tion, there 1s provided a method of manufacturing a melt-
blown fiber web, the method including: manufacturing a
melt-blown fiber web by melting, extruding, and radiating a
thermoplastic resin composite, wherein a high-temperature
and high-speed gas 1s allowed to collide with filaments simul-
taneously with radiation; forming cutting portions and seal-
ing portions in predetermined patterns at predetermined inter-
vals by applying a shearing force to a surface of the
manufactured melt-blown fiber web using knives and by fus-
ing the melt-blown fiber web by heat; and winding the melt-
blown fiber web 1n which the cutting portions and the sealing
portions are formed.

[0015] According to another aspect of the present mven-
tion, there 1s provided an apparatus for manufacturing a melt-
blown fiber web using a thermoplastic resin, the melt-blown
fiber web having improved concentration force and elasticity,
the apparatus including: an unwinder that unwinds a prede-
termined amount of wound melt-blown fiber web; a transfer
unit that transters the unwound melt-blown fiber web; a cut-
ting and sealing unit that cuts and fuses a surface of the
transierred melt-blown fiber web 1n predetermined patterns;
and a winding roll that winds the melt-blown fiber web.

[0016] According to various embodiments, the cutting and
sealing unit includes a rolling roll that has knives having a
predetermined shape that are arranged on an outer circumier-
ential surface of the cutting and sealing unit at predetermined
intervals. Preferably, such a cutting and sealing unit pressur-
1zes the surface of the melt-blown fiber web at predetermined
intervals by rotating the knives so that the melt-blown fiber
web 1s cut and sealed.

[0017] According to various embodiments, the cutting and
sealing umit includes a press mold that has knives having a
predetermined shape arranged on a bottom surface of the
cutting and sealing unit at predetermined intervals. Prefer-
ably, such a cutting and sealing unit pressurizes the surface of
the melt-blown fiber web at predetermined intervals by ver-
tically moving the kmives so that the melt-blown fiber web 1s
cut and sealed.

[0018] According to various embodiments, the cutting and
sealing umit includes a press mold that has knives having a
predetermined shape arranged on a bottom surface of the
cutting and sealing unit at predetermined intervals. Prefer-
ably, such a cutting and sealing unit vertically moves the
kmives, and pressurizes the surface of the melt-blown fiber
web at predetermined intervals using a steel plate as a support
plate so that the melt-blown fiber web 1s cut and sealed.

[0019] According to various embodiments, when cutting
portions and sealing portions are formed on the melt-blown
fiber web using the kmives, the sealing portions are com-
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pletely cut and sealed by a shearing force of the knives. In
particular, the sealing portions may be cut according to a
thickness of a blade of each of the knives. Alternatively, the
sealing portions may be cut with a minimum thickness of
about 0.16 to 0.2 mm due to pressure of the knives. After
cutting, the sealing portions are sealed.

[0020] Other aspects and exemplary embodiments of the
invention are discussed inira.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other features and advantages of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0022] FIG. 1 1s a flowchart illustrating a method of manu-
facturing a melt-blown fiber web according to an embodiment
of the present invention;

[0023] FIG. 2 15 a side view of an apparatus for manufac-
turing a melt-blown fiber web according to an embodiment of
the present invention;

[0024] FIG. 3A 15 a side view of an apparatus for manufac-
turing a melt-blown fiber web according to another embodi-
ment of the present invention;

[0025] FIG. 3B is a side view of apparatus for manufactur-
ing a melt-blown fiber web according to another embodiment
of the present invention;

[0026] FIG. 4 1s a plan view of a rolling roll of a device for

cutting and sealing a melt-blown fiber web of the apparatus
illustrated 1in FIG. 2

[0027] FIG.5A 1s aplan view and a cross-sectional view of
a melt-blown fiber web according to an embodiment of the
present invention;

[0028] FIG.5B 1saplan view and a cross-sectional view of
a melt-blown fiber web according to another embodiment of
the present invention;

[0029] FIG. 6 1s a plan view of a melt-blown fiber web that
1s cut 1n predetermined patterns, according to an embodiment
of the present 1nvention;

[0030] FIG. 7 1s a schematic view of various patterns of
cutting and sealing knives according to an embodiment of the
present invention; and

[0031] FIG. 8 1s a graph showing the result of testing
absorption performance of a melt-blown fiber web according
to the present mvention and absorption performance of a
melt-blown fiber web according to the related art.

[0032] It should be understood that the appended drawings
are not necessarily to scale, presenting a somewhat simplified
representation of various preferred features illustrative of the
basic principles of the invention. The specific design features
of the present invention as disclosed herein, including, for
example, specific dimensions, orientations, locations, and
shapes will be determined in part by the particular intended
application and use environment.

[0033] Inthefigures, reference numbers refer to the same or
equivalent parts of the present invention throughout the sev-
eral figures of the drawing.

DETAILED DESCRIPTION OF THE INVENTION

[0034] The present mvention will now be described more
tully with reference to the accompanying drawings, 1n which
exemplary embodiments of the invention are shown, so that
one of ordinary skill 1n the art can easily embody the present
invention.
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[0035] The term “thermoplastic resin” as used in the
present specification refers to a resin 1 which a process of
applying heat with a higher temperature than a melting point
to a polymer resin, melting, cooling, and solidifying the poly-
mer resin can be repeatedly performed.

[0036] The thermoplastic resin may be classified into a
crystalline thermoplastic resin and an amorphous thermo-
plastic resin according to a degree of crystallinity of the
polymer. The crystalline thermoplastic resin 1includes poly-
cthylene, polypropylene, and nylon, and the amorphous ther-
moplastic resin includes polyvinyl chloride, and polystyrene.
[0037] The term “polyolefin” as used herein refers to
hydrocarbon polymers with a saturated open chain including
carbon and hydrogen. General polyolefins include various
mixtures of polyethylene, polypropylene, polymethylene and
cthylene, or propylene and methylpentene monomer.

[0038] Theterm “polypropylene (PP)” as used herein refers
to single polymer of propylene or a copolymer that 1s the unit
of propylene with a 40% or more repetition unit.

[0039] The term “polyester” as used herein refers to poly-
mer that 1s connected by formation of an ester unit and 1s a
condensation product of dicarboxylic acid and dihydroxy
alcohol with a 85% or more repetition unit. This 1icludes
aromatic, aliphatic, saturated and unsaturated diacid and di-
alcohol. The term “polyester” as used herein further refers to
copolymer, a blend, or a modified product thereof. A general
example of a polyester 1s polyethylene terephthalate (PET),
which 1s a condensation product of ethylene glycol and
terephthalic acid.

[0040] The terms “melt-blown fiber’” and “melt-blown fila-
ment” as used herein refers to a fiber or filament that 1s formed
by extruding a molten porous polymer together with a high-
temperature and high-speed compressed gas through a plu-
rality of fine capillary tubes.

[0041] Here, the capillary tubes may be modified in various
ways, such as a tube having a circular cross-section, a tube
having a polygonal (triangular or rectangular) cross-section,
or a tube having an asterisk shaped cross-section. Also, for
example, the high-temperature and high-speed compressed
gas may be used to cause a filament formed of molten ther-
moplastic copolymer to be thin, and may, for example, reduce
a diameter of the filament to about 0.3 to 10 um. The melt-
blown fiber may be a discontinuous or continuous fiber.

[0042] Theterm “spunbond” as used herein refers to a fiber
web that 1s manufactured by extending a plurality of filaments
having a fine diameter that are extruded through capillary
tubes by using a high-temperature tube. The spunbond fiber 1s
continuous 1n a lengthwise direction of the filament, and the
average diameter of the plurality of filaments 1s larger than
about 5 um. A spunbond nonwoven product or nonwoven web
1s formed by irregularly arranging spunbonds on a collection
surface, such as a porous screen or belt.

[0043] The terms “nonwoven product, fiber web, and non-
woven web” as used herein refer to a structure including
individual fibers, filaments, or threads that form a planar
material by arranging the individual fibers, filaments, or
threads 1n an 1rregular manner without patterns. Such a struc-
ture 1s 1n contrast to a knitted product.

[0044] It 1s understood that the term “vehicle” or “vehicu-
lar”” or other similar term as used herein 1s inclusive of motor
vehicles 1in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercrait including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
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clectric vehicles, plug-in hybnd electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.,
tuels dertved from resources other than petroleum). As
referred to herein, a hybrid vehicle 1s a vehicle that has two or
more sources of power, for example both gasoline-powered
and electric-powered vehicles.

[0045] The terminology used herein 1s for the purpose of
describing particular embodiments only and 1s not intended to
be limiting of the mvention. As used herein, the singular
forms ““a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises™ and/
or “comprising,” when used 1n this specification, specily the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed 1tems.

[0046] Unless specifically stated or obvious from context,
as used herein, the term “‘about” 1s understood as within a
range ol normal tolerance in the art, for example within 2
standard deviations of the mean. “About” can be understood
as within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%,
0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise
clear from the context, all numerical values provided herein
are modified by the term “about™.

[0047] Heremafter, exemplary embodiments of the present
invention will be described 1n detail with reference to the
accompanying drawings.

[0048] FIG. 1 1s a flowchart illustrating a method of manu-
facturing a melt-blown fiber web according to an embodiment
of the present invention, FIG. 2 1s a side view of an apparatus
for manufacturing a melt-blown fiber web according to an
embodiment of the present invention, and FIG. 4 1s a plan
view of a rolling roll 14 of a device for cutting and sealing a
melt-blown fiber web of the apparatus illustrated 1n FIG. 2.
[0049] First, filaments are made to have a small diameter of
about 0.3 to 10 um by melting, extruding, and radiating a
thermoplastic resin composite through a filament radiation
tube. Further, a high-temperature and high-speed gas 1s
caused to collide with the radiated filaments simultaneously
with radiation, thereby manufacturing a melt-blown fiber web
1.

[0050] The melt-blown fiber web 1 may be manufactured
generally by a method and apparatus for manufacturing a

melt-blown fiber web disclosed 1n Korean Patent Laid-open
Publication No. 2011-0122566 filed by the present applicant.

[0051] According to the present invention, a concentration
force and elasticity of the melt-blown fiber web 1 1s rein-
forced by cutting and sealing portions of the melt-blown fiber
web 1. In particular, according to various embodiments, por-
tions are cut and sealed by pressurizing knives 145 having a
predetermined shape. As such, the pressurizing knives 145
come into contact with the melt-blown fiber web 1 manufac-
tured using the above method 1n predetermined patterns.

[0052] A process of cutting and sealing the surface of the
melt-blown fiber web 1 1s performed after the melt-blown
fiber web 1 has been formed and before the fiber web 1 of a
final product 1s wound. Preferably the cutting and sealing are
simultaneously performed.

[0053] According to an embodiment of the present mnven-
tion, a device for cutting and sealing the surface of the melt-
blown fiber web 1 includes an unwinder 10 that unwinds the
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wound melt-blown fiber web 1 at a predetermined speed, a
transfer unit 13 that transfers the fiber web 1 that has been
unwound by the unwinder 10 to a cutting and sealing unit 15,
and a cutting and sealing unit 15 that cuts and seals the fiber
web 1 that has been transterred by the transter unit 13.

[0054] The device for cutting and sealing the surface of the
melt-blown fiber web 1 having the above structure may be
disposed 1nline with an existing apparatus for manufacturing
a melt-blown fiber web. As such, the cutting and sealing
device may manufacture the fiber web 1 continuously.

[0055] According to various embodiments, the unwinder
10 1s adevice for supplying the melt-blown fiber web 1, which
preferably has a diameter of 0.3~10 um and 1s formed 1n the
above step, to the cutting and sealing unit 15. The unwinder
10 may be configured and arranged to unwind the fiber web 1
by rotation from a cylindrical roll on which the melt-blown
fiber web 1 1s wound.

[0056] As shown in the embodiment of FIG. 2, the transier
unit 13 can have two transier rollers 11 that are connected to
a belt 12, such as a conveyor belt. The two transfer rollers 11
can be rotated by a driving unit, such as a motor, based on the
speed of the unwinder 10 to transter the melt-blown fiber web
1 mounted on the conveyor belt 12 continuously 1n a horizon-
tal direction.

[0057] The cutting and sealing unit 15 as shown 1in the
embodiment of FIG. 2, can include the rolling roll 14, which
1s disposed over the fiber web 1, and support and transfer

rollers 17 that are disposed under the fiber web 1 at predeter-
mined intervals 1n the horizontal direction.

[0058] The rolling roll 14 and the support and transier
rollers 17 are disposed relative to each other to provide a
predetermined gap 1n a vertical direction therebetween

through which the fiber web 1 passes.

[0059] As shown 1n FIG. 2, the rolling roll 14 may include
a cylindrical roll body 14a, and knives 145 or other forms of
sharpened projections (hereinafter generally referred to as
knives) disposed on an outer circumierential surface of the
roll body 14a at predetermined intervals, for example as

illustrated in FIG. 4.

[0060] As illustrated in FIG. 4, the rolling roll 14 may be
coupled 1n a hinged structure by a rotation shait 14¢, which 1s
formed integrally with both ends of the rolling roll 14 and
protrudes therefrom. The rotation shaft may be connected to
a motor or the like so as to rotate the rolling roll 14 using a
driving force of the motor.

[0061] Theknives14bmay protrude from the outer circum-
terential surface of the roll body 14« of the rolling roll 14 at
predetermined intervals 1n a lengthwise direction and a cir-
cumierential direction and may cut and seal the melt-blown
fiber web 1 1n predetermined patterns, for example, by verti-
cally pressurizing the surface of the fiber web 1 as 1t 1s trans-
terred 1n the horizontal direction.

[0062] FIG. 7 1s a schematic view of various patterns that
may be made by the cutting and sealing knives 145 according
to embodiments of the present mmvention. As shown, the
knives 1456 may be straight-line shaped (-), cross-shaped (+),
x-shaped (X), a circle in which a hole 1s formed 1n a direction
of a diameter of the knives 146 (o), or T -shaped, for

example.

[0063] In this case, the cross-section of the knives 145 that
contact the fiber web 1 may be minimized so as to minimize
the damage of the fiber web 1.
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[0064] A method of forming predetermined patterns on the
surface of the melt-blown fiber web 1 having the above struc-
ture will be described below.

[0065] When the fiber web 1 1s allowed to pass through a
space between the rolling roll 14 rotated by the motor and the
support and transfer rollers 17, the knives 145 disposed on the
outer circumierential surface of the rolling roll 14 apply a
shearing force onto the surface of the fiber web 1. Due to
characteristics of a thermoplastic resin used as a material for
the melt-blown fiber web 1, when the shearing force 1s applied
to the thermoplastic resin, heat 1s generated, and a top surface
of the fiber web 1 1s widened by the thickness of the knives
145 due to the shearing force and heat and 1s cut and simul-
taneously, a bottom surface of the fiber web 1 1s sealed.
[0066] Inthis way, when cutting and sealing are performed
using the shearing force of the knives 14b, patterns with a
predetermined interval, such as a stitch mark, remain on the
surface of the fiber web 1. In this manner, the cutting and
sealing method using the knives 145 uses additional equip-
ment, such as an existing high frequency treating device, or
fixes the melt-blown fiber web 1 by using an adhesive or by
sewing using threads, which 1s fundamentally different from
reinforcing the concentration force of the fiber web 1. By
mechanically rotating the sharp knives 145 to apply the shear-
ing force to the thermoplastic resin, cutting and sealing are
performed without degrading the inherent function of the
fiber web 1. AS such, the concentration strength of the fiber
web 1 can be easily reinforced.

[0067] In other words, the contact and pressurized area of
the knives 145 and the fiber web 1 1s minimized compared to
an existing sewing process. As a result, damage to the fiber
web 1 by pressurization 1s minimized, the conventional prob-
lem related to a very small thickness of the fiber web 1 1s
solved to thereby maintain the inherent function of the fiber
web 1, the top surtace of the fiber web 1 1s somewhat widened,
and the bottom surface of the fiber web 1 1s fused by heat so
that the fiber web 1 1s provided with increased concentration
strength and elasticity.

[0068] Here, the melt-blown fiber web 1 may be cut and
sealed using heat that 1s naturally generated when 1t 1s cut by
the knives 145. Alternatively, the knives 145 may be heated at
a predetermined temperature to provide for cutting and seal-
ng.

[0069] For example, in order to heat the kmives 145, the
rolling roll 14 and the knives 145 may be heated using a heater
mounted 1n the rolling roll 14.

[0070] As described above, when the fiber web 1 1s cut and
sealed by heat provided by the knives 145, the concentration
strength of the fiber web 1 can be maximized.

[0071] FIG. 3A 15 a side view of an apparatus for manufac-
turing the melt-blown fiber web 1 according to another
embodiment of the present invention. As shown, the cutting
and sealing unit 25 may be 1n the form of a press mold 24 that
has a bottom surface on which knives 245 or other forms of
sharpened projections (hereinafter generally referred to as
knives) are mounted, and that 1s movable 1n a vertical direc-
tion.

[0072] According to an exemplary embodiment, the verti-
cal movement of the press mold 24 1s guided by guide bars 26
vertically disposed at corners of the press mold 24, and the
press mold 24 1s vertically driven by a hydraulic or pneumatic
cylinder mechanism.

[0073] Again, the shape of the knives 24b may vary, as
described above.
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[0074] FIG. 3B 1s a side view of an apparatus for manufac-
turing the melt-blown fiber web 1 having a similar configu-
ration as thatin FIG. 3A, according to another embodiment of
the present invention. A method of operating the apparatus of
FIG. 3B 1s the same as or similar to the apparatus of FIG. 3A.
As shown 1n FIG. 3B, the apparatus may be driven using a

steel plate 37 as a support plate of knives 34b of a press mold
34.

[0075] Again, the shape of the knives 346 may vary, as
described above.

[0076] FIG. SA isaplan view and a cross-sectional view of
a melt-blown fiber web 1 according to an embodiment of the
present invention. Referring to FIG. 5A, patterns having the
same shape as straight-line shaped or cross-shaped knives
145, 245, and 34b are formed on the melt-blown fiber web 1

using cutting and sealing units 135, 25, and 35.

[0077] Next, the melt-blown fiber web 1 1n which cutting
portions 2a and 2q' and sealing portions 26 and 25' with
predetermined patterns are formed 1n the cutting and sealing,
process, 1s wound on a winding roll 16.

[0078] Here, the shape of the sealing portions 26 and 25

may vary according to the thickness of a blade of the straight-
line shaped or cross-shaped knives 145, 245, and 3454.

[0079] For example, i1 the thickness of a blade of each of
the knives 145, 24b, and 34b 1s small (e.g. about 0.05 to 0.1
mm), the blade itself 1s relatively very sharply ground, a
shearing force 1s applied to the fiber web 1 due to the knives
14b, 245, and 345b, and as indicated by a cross-section A-A,
the fiber web 1 1s completely cut from a top surface to a
bottom of the fiber web 1 1n a thickness direction so that the
sealing portion 25 that 1s instantaneously sealed by heat can
be formed.

[0080] However, i1f the thickness of the blade of each of the
kmives 145, 245, and 345 1s large (e.g. about 0.1 to 1 mm), then
the blade itself 1s relatively less sharply ground or as the usage
period of the knives 145, 24b, and 34H elapses, the blade
becomes more dull, due to the pressure of the knives 145, 245,
and 34b, as indicated by a cross-section A'-A'. Thus, a gap
between the cutting portions 2a' on the top surface of the fiber
web 1 1s relatively large, and the sealing portion 25' 1s not
completely cut on the bottom of the fiber web 1. Rather, the
sealing portion 25' 1s connected to the bottom of the fiber web
1 with a minimum thickness (e.g. at least about 0.16 to 0.2
mm ), or even 1n this case, the bottom of the sealing portion 25'
may be completely cut and then may be sealed.

[0081] The sealing portions 26 and 2b' emerge when a
predetermined pressure 1s applied to the knives 145, 245, and
345, as do the cutting portions 2a and 24a'.

[0082] According to various embodiments, the winding
roll 16 may be rotatable by the rotation shaft 14¢ and may be
rotated by a driving unait, such as a motor.

[0083] Finally, the wound melt-blown fiber web 1 based on
the desired shape of the final product.

[0084] FIG. 3B 1s aplan view and a cross-sectional view of
amelt-blown fiber web 1 according to another embodiment of
the present mvention. When straight line-shaped or cross-
shaped knives 145, 24b, and 345 are arranged at both corners
of cutting and sealing units 15, 25, and 35, sealing portions 25
are formed at the corners of the melt-blown fiber web 1, as

1llustrated in FIG. 5B.

[0085] FIG. 615 aplan view of a melt-blown fiber web that
1s cut in predetermined patterns, according to an embodiment
of the present invention.
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[0086] The composition of the melt-blown fiber web 1
according to the present invention may be modified 1n various
ways according to the desired specifications of the final prod-
uct. For example, the melt-blown fiber web 1 may include
polyester, a staple fiber formed of olefin, and particles, in
addition to a melt-blown fiber so as to provide various func-
tions. Further, various types of surface protection layers, for
example, spunbonds, nylon films, and aluminum {foils, may
be used to protect the surface of the melt-blown fiber web 1.

[0087] The shape of the knife 145 and an interval between
the knives 145 that treat the surface of the melt-blown fiber

web 1, may be freely adjusted according to a target property
of the final fiber web 1.

[0088] Thus, according to the present invention, portions of
the melt-blown fiber web 1 are cut and sealed by applying a
shearing force to the surface of the melt-blown fiber web 1
using the rolling roll 14 or the press mold 24 having a surface
on which the knives 146 are provided. The knives 145 may be
provided to have a predetermined shape and may further be
arranged at predetermined intervals. AS such, the concentra-
tion force and elasticity of the melt-blown fiber web 1 can be
casily improved without degrading the inherent function of

the fiber web 1.

[0089] Hereinatter, the present invention will be described
based on the following examples; however, aspects of the
present invention are not limited thereto.

Embodiment 1

[0090] A melt-blown fiber web was manufactured accord-
ing to the present invention by using the same method as the
process of manufacturing the melt-blown fiber web of FIG. 1.
Detailed manufacturing conditions are as below.

[0091] A melt-blown fiber having a weight of 200 g/m>, in
which 20 wt % of a staple fiber formed of polypropylene and
having an average thickness of 6 denia and an average length
of 40 mm, of which a surface was treated with a silicon
emulsifier, was randomly mixed with 80 wt % of a melt-
blown microfiber formed of polypropylene and having an
average thickness of 3 um, and was manufactured using a
vertical melt-blown manufacturing apparatus. The manufac-
tured melt-blown fiber web was wound to a width of 1,800
mm and a length of 50 m.

[0092] Both sides of the wound melt-blown fiber web were
combined with a spunbond nonwoven fabric having the
weight of 15 g/m” so as to manufacture a melt-blown fiber

web having a total weight of 230 g/m* and a thickness of 13
mm.

[0093] Adfter the melt-blown fiber web that was wound with
the width of 1,800 mm and the length of 50 m was positioned
1n a state 1n which the melt-blown fiber web was wound on the
unwinder 10, as illustrated in FIG. 2, the melt-blown fiber
web was put on a transier unit having a width of 2,100 mm and
a length of 3 m and was transferred.

[0094] The speed of the transier unit was 5 m per minute.
The transferred melt-blown fiber web was allowed to be
passed through the rolling roll 14 having a length o1 2,000 mm
in which cross-shaped knives 146 (thickness: 0.7 mm/height:
8 mm) having a width of 15 mm and a length of 10 mm were
arranged at an interval of 20 mm, thereby cutting and ther-
mally sealing the surface of the melt-blown fiber web.
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Comparative Example

[0095] Samples were extracted from a conventional melt-
blown fiber web not 1n accordance with the present invention.
In particular, a conventional melt-blown fiber comprises a
mixing part, wherein a resin composition consisting of ther-
moplastic resin, an antioxidant, a heat stabilizer, etc., are
mixed; a drying part, wherein the water contained in the
thermoplastic resin composition supplied from the mixing
part 1s removed by drying before 1t 1s mputted into a heat
extrusion part; a heat extrusion part, wherein the thermoplas-
tic resin composition supplied from the drying part 1s sub-
jected to heating, milling, melting, and extrusion; a melt-
blown fiber radiating part, wherein the thermoplastic resin
composition supplied from the heat extrusion part radiates
fibers 1n the form of a filament (ultrafine fiber); a gas 1njection
part, wherein a gas whose 1njection speed and injection
amount are varied randomly and continuously, 1s radiated into
the melt-blown fiber being radiated from the melt-blown fiber
radiating part; a collection part, wherein the melt-blown fiber
1s collected and forms a melt-blown fiber web; and a winding
part, wherein the fiber well formed 1n the collection part 1s
wound. That 1s, the melt-blown fiber refers to a fiber formed
by extrusion of a melted processable polymer via a plurality
of minute capillary tubes along with a compressed gas under
high temperature and high pressure. Here, the capillary tubes
may be provided in various forms including a tube with a
circular cross-section, a tube with a polygonal cross-section
including triangular, and tetragonal shape, and a tube with a
star shape. It 1s noted that the compressed gas under high
temperature and high pressure enables a reduction in the
diameter of the fiber of a melted thermoplastic polymer mate-
rial to about 0.3 to about 10 um. The melt-blown fiber may be
a continuous or discontinuous fiber.

Experimental Example

[0096] The effect of the melt-blown fiber web manufac-
tured according to Embodiment 1 of the present invention was
demonstrated by changing experimental conditions, and
experimental results thereot are as follows.

[0097] The thickness of a sample manufactured by the
method according to Embodiment 1 was measured using the
following method.

[0098] After five samples having the shape of a square
having the size of 100 mmx100 mm were extracted from
arbitrary places of the melt-blown fiber web based on an
international thickness measurement standard ISO 5084, a
circular pressurization plate having a diameter of 100 mm
was placed on the five samples so that a total sum of pressure
applied to the five samples was 0.1 kPa. The thickness of each
sample was then measured using vernier calipers, and an
average value thereof was indicated as a representative value.

[0099] Thickness measurements after the samples were
pressurized, were carried out 1n such a way that five samples
having the shape of a square having the size of 100 mmx100
mm were extracted from arbitrary places of the melt-blown
fiber web, a pressurization plate having the weight of' 1 kg and
the s1ze o1 120 mmx120 mm was put on the five samples, was
lett for 24 hours 1n a state 1n which humadity was 50% and
temperature was kept at 25° C. After 2 hours elapses from
time when the pressurization plate was removed, the thick-
ness of each sample was measured using vernier calipers, and
an average value thereof was indicated as a representative
value.
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[0100] A testfor the concentration force of the samples was
carried out in such a way that both surfaces of the fiber web
were pulled out at a speed of 25 mm per minute based on
GMW 14695 so as to measure a maximum load 1 which
concentration was destroyed. Absorption performance of
samples having the size of 1,000 mmx1,200 mm was tested
using a reverberant chamber in which the samples were

placed, based on a technical standard GM 141777, and test
results thereof are shown 1n the following Table 4.

TABL.

L1

1

Concentration destruction strength of fiber web

Concentration destruction strength

51 N/ecm?
40 N/em?

Embodiment 1
Comparative example 1

TABL.

(L]

2

Thickness of fiber web before pressurization

Thickness
Embodiment 1 13 mm
Comparative example 1 13 mm

TABL

(L.

3

Thickness of fiber web after pressurization

Thickness
Embodiment 1 13 mm
Comparative example 1 13 mm
TABLE 4

Absorption performance
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without degrading the inherent characteristics of the fiber
web, such as absorption performance.

[0105] As described above, the advantages of a melt-blown
fiber web with improved concentration force and elasticity
and a method and apparatus for manufacturing the melt-
blown fiber web are as follows.

[0106] Firstly, a plurality of cutting portions and a plurality
ol sealing portions are formed 1n predetermined patterns on
the surface of the melt-blown fiber web so that a concentra-
tion force between microfibers that form the melt-blown fiber
web can be increased and a melt-blown fiber web with rein-
forced concentration force can be manufactured.

[0107] Secondly, the elasticity of the melt-blown fiber web
can be improved by the plurality of cutting portions and the
plurality of sealing portions that are formed 1n the predeter-
mined patterns on the melt-blown fiber web.

[0108] Thirdly, patterns and shapes of the cutting portions
and the sealing portions formed on the melt-blown fiber web
may be varied so that the concentration force and elasticity of
the fiber web can be tailored to manufacture a desired melt-
blown fiber web.

[0109] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, 1t will be understood by those of ordinary skall
in the art that various changes 1n form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims.

What 1s claimed 1s:

1. A melt-blown fiber web comprising thermoplastic fila-
ments, the fiber web having cutting portions and sealing por-
tions arranged on top and bottom surfaces of the fiber web at
predetermined intervals along a thickness of the fiber web so
that a concentration force and elasticity of the fiber web are
improved.

2. The melt-blown fiber web of claim 1, wherein a shape of
cach of the cutting portions and the sealing portions 1is

400 500 630  BOO 1k 1.25k 1.6k 2k
Embodiment 1 0.32 035 051 062 0220 086 087 0.93
Comparative 0.32 036 051 061 080 086 088 093
example 1
[0101] As illustrated 1n FIG. 8, as a result of testing, the

fiber web according to the present invention, of which a
surface was cut and sealed at predetermined intervals, dem-
onstrated almost the same absorption performance as the
comparative example.

[0102] The thickness of the fiber web was the same 1n
Embodiment 1 and the comparative example. The thickness
of the fiber web after pressurization was restored by 100% 1n

Embodiment 1, whereas, 1n the comparative example, about
8% of a thickness loss occurred.

[0103] Also, concentration destruction strength of Embodi-
ment 1 was increased by about 28% compared to the com-
parative example.

[0104] Adter considering all test results, in the melt-blown
fiber web that was manufactured according to the present
invention, elasticity and concentration force was improved

0.99

2.5k 3.15k 4k 5k 6.3k Bk 10k
098 097 091 087 08 1.06
0.98 097 090 088 086 1.06

0.98

selected from the group consisting of a straight line shape, a
cross shape, an X-shape, a circle, and a T -shape, and a
combination thereof.

3. A method of manufacturing a melt-blown fiber web, the
method comprising:

manufacturing a melt-blown fiber web by melting, extrud-
ing, and radiating a thermoplastic resin composite, and
allowing a high-temperature and high-speed gas to col-
lide with filaments simultaneously with radiating;

forming cutting portions and sealing portions in the melt-
blown fiber web at predetermined patterns and at prede-
termined intervals by applying a shearing force to a
surface of the manufactured melt-blown fiber web using
knives and by fusing the melt-blown fiber web by heat;
and

winding the melt-blown fiber web 1n which the cutting
portions and the sealing portions are formed.
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4. The method of claim 3, wherein a shape of each of the
cutting portions and the sealing portions 1s selected from the
group consisting of a straight line shape, a cross shape, an
X-shape, acircle,anda T -shape, and a combination thereof.

5. An apparatus for manufacturing a melt-blown fiber web
with improved concentration force and elasticity using a ther-
moplastic resin, the apparatus comprising:

an unwinder that unwinds a predetermined amount of a
wound melt-blown fiber web

a transfer unit that transiers the melt-blown fiber web
unwound by the unwinder;

a cutting and sealing unit that cuts and fuses a surface of the
transierred melt-blown fiber web 1n predetermined pat-
terns; and

a winding roll that winds the melt-blown fiber web.

6. The apparatus of claim 5, wherein the cutting and sealing
unit comprises a rolling roll having an outer circumierential
surface, a plurality of knives having a predetermined shape
that are arranged at predetermined intervals on the outer
circumierential surface of the cutting and sealing unit,
wherein rotation of the knives pressurizes the surface of the
melt-blown fiber web at predetermined intervals thereby cut-
ting and sealing the melt-blown fiber web.

7. The apparatus of claim 5, wherein the cutting and sealing,
unit comprises a press mold that has knmives having a prede-
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termined shape arranged at predetermined intervals on a bot-
tom surface of the cutting and sealing unit, the knives being
vertically movable, wherein vertical movement of the knives
pressurizes the surface of the melt-blown fiber web at prede-
termined 1intervals thereby cutting and sealing the melt-blown

fiber web.

8. The apparatus of claim 5, wherein the cutting and sealing
unit comprises a press mold that has knives having a prede-
termined shape arranged at predetermined intervals on a bot-
tom surface of the cutting and sealing unit and a steel plate as
a support plate, the knives being vertically movable, wherein
vertical movement of the knives pressurizes the surface of the
melt-blown fiber web at predetermined intervals using the

steel plate thereby cutting and sealing the melt-blown fiber
web.

9. The apparatus of claim 6, wherein, when the knives form
cutting portions and sealing portions on the melt-blown fiber
web, the sealing portions are completely cut and sealed by a
shearing force of the knives based on a thickness of a blade of
cach of the knives, or the sealing portions are cut with a
minimum thickness of about 0.16 to 0.2 mm due to pressure
of the knives and then are sealed.
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