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@) Air nozzle for use in production of nonwoven fabric.

@ An air nozzle for use in the production of nonwoven fabric that is adapted to receive spun filaments from a
spinning nozzle and feed the filaments in an air jet onto a receiver. The air nozzle is directed to the prevention of
any abrasion of the inner surface of the nozzle body by an additive, such as titanium white, contained in
filaments, and thus to the prevention of any defects in the nonwoven fabric. The inner surface of a nozzle body
for guiding filaments is formed using a ceramic material to protect that surface. The nozzle body has a conical
passage whose diameter gradually decreases from an inlet for receiving the filaments from the spinning nozzle,
and a straight passage continuing from the conical passage and extending with a constant diameter, at least part
of the inner surface of the conical passage and/or the straight passage being formed as a ceramic surface.
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AIR NOZZLE FOR USE IN PRODUCTION OF NONWOVEN FABRIC

BACKGROUND OF THE INVENTION

The present invention relates to an air nozzle used in the production of nonwoven fabric to cause
filaments received from a spinning nozzle to be dispersed and deposited on a screen belt as a receiver
and, more specifically, to such an air nozzle directed to the prevention of wear resulting from the high-
speed contact of filaments with the nozzle.

A conventional air nozzle of the above-mentioned type is disclosed in, for instance, Japanese Patent
Publication No. 28386/1973.which discloses a nonwoven fabric web of continuous filaments and a method of
manufacturing the same. As shown in Fig. 4, an air nozzle used in the manufacturing method according to
this disclosure comprises a nozzle member 1 for receiving spun filaments from a spinning nozzle (not
shown), and a housing 2 disposed on the outside of the nozzle member 1 and provided with a feeding
guide tube 2a. With this arrangement, filaments are fed in an air jet through the tube 2a onto a screen belt
{not shown) disposed below the nozzle.

More specifically, the nozzle member 1 has a conical hopper-shaped converging hole 1a formed therein
and having its diameter gradually decreasing toward the lowermost apex to facilitate the receiving of
filaments, and a discharge tube 1b projecting from the lowermost apex of the converging hole 1a and
communicating therewith. The housing 2 also has a compressed air chamber 2b and an air throttle portion
2¢ formed therein and surrounding the discharge tube 1b. When compressed air A has been introduced into
the compressed air chamber 2b, the flow of the air A is straightened by the air throttie portion 2c and the air
A is transformed into an air jet A1 at high speed. The air jet A1 flows on the outer periphery of the
discharge tube 1b and is blown toward the outlet of the tube 1b at the tip thereof. Since negative pressure
is caused to prevail in the outlet of the discharge tube 1b by the action of the air jet A1, a sucking action is
provided to facilitate the discharge of filaments and to stabilize the flow of the fitaments being fed. The
filaments are guided by the guide tube 2a, and are then dispersed and deposited on the screen belt to
manufacture nonwoven fabric.

Filaments spun by a spinning nozzle usually contain a pigment such as titanium white (TiO2).
Consequently, when filaments containing such a pigment are fed at high speed into an air nozzle, such as
that shown in Fig. 4, formed of a stainless steel (e.g., SUS 304), the pigment in the filament acts as an
abrasive material as the filaments come into contact with the air nozzle. This results in various problems,
such as wear of the inner wall surface of the air nozzle.

The occurrence of such phenomena as wear is particularly serious over the entire region from the
lowermost apex of the conical diameter-decreased hole 1a across the border 1c at which the conical hole
1a changes into the straight discharge tube 1b to the tip of the discharge tube 1b. If wear or the like occurs
in this region, this causes, for insance, an increase in resistance to the flow of filaments, thereby making it
difficult to achieve uniform dispersion. In such cases, the nonwoven fabric being produced by dispersing
and collecting the filaments on the screen belt may become partially defective due to the occurrence of
filament overlaps, filament masses, and band-shaped areas of irregular thickness extending in the direction
of the flow of the filaments. .

Wear and similar phenomena may occur even within a relatively short time of operation. If replacement
of a nozzle member 1 has to be frequently performed, frequent sioppages of operation for replacement
would lead to an increase in stoppage period and a reduction in production efficiency.

The present invention has been accomplished in view of the above-stated problems of the prior art. An
object of the present invention is to provide an air nozzle for use in the production of nonwoven fabric which
is capable of exhibiting, during the production of nonwoven fabric containing a pigment such as titanium
white, excellent wear resistance to the pigment, etc.

According to the present invention, there is provided an air nozzle for use in the production of
nonwoven fabric adapted to receive spun filaments from a spinning nozzle and feed the filaments in an air
jet onto a receiver, comprising:

a nozzle body having an inlet through which said filaments from said spinning nozzle are received; and an
air passage for guiding air towards an outlet of said nozzle body whereby said filaments are discharged
from the inside of said nozzle body and entrained in the flow of said air to be fed toward said receiver,

said nozzle body having a converging passage the diameter of which gradually decreases from said inlet
for receiving said filaments, and a straight passage continuing from said converging passage and extending
toward said outlet of said nozzle body, at least part of the inner surface of said converging passage and/or
said straight passage having a ceramic surface.
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The converging passage will normally be conical but need not be. The straight passage will normally be
cylindrical and non-convergent and non-divergent but need not be. The passage for guiding air will normally
guide the air to the periphery of the outlet of the nozzle body at the tip thereof, that is to say the air is
guided along the outside of the nozzie body to yhe outlet. Alternative arrangements are conceivable,
however, within the invention.

The concept expressed by the statement that the inner surface of the conical passage and/or the
straight passage is formed as a ceramic surface includes the formation of the nozzle inner surface as a
ceramic surface by forming the entire or part of the nozzle body using a ceramic material and the formation
of the nozzle inner surface as a ceramic surface by applying a ceramic coating to the nozzle inner surface.

The following description is given by way of example with reference to the drawings

Fig. 1 is a sectional view illustrating one embodiment of the present invention;

Fig. 2 is a sectional view of a mouthpiece used in another embodiment;

Fig. 3 is a sectional view of a different mouthpiece used in a further embodiment; and
Fig. 4 is a sectional view of a conventional air nozzle.

One of the most important features of the present invention is that the inner surface of a nozzle body
for guiding filaments is formed using a ceramic material to protect the same.

According to this feature, a nozzle body (denoted at 15 in Fig. 1) has a conical passage the diameter of
which gradually decreases from an inlet (denoted at 19) through which filaments fed from a spinning nozzie
are received, and a straight passage continuing from the conical passage and extending with a constant
diameter. According to the present invention, at least part of the inner surface of the conical passage and/or
the straight passage is formed as a ceramic surface.

Specifically, this feature may be accomplished in the following manner by way of example:

(1) The entire or part of the nozzle body 15 is formed using a ceramic material. For instance,

(i) a part of the nozzle body 15 from a mid-portion of the conical passage to the tip of the straight
passage is formed by a mouthpiece 22, while the remaining part is formed by a nozzle base 20, the
mouthpiece 22 being detachably mounted on the nozzle base 20, and the entire mouthpiece 22 being
formed of a ceramic material; or

(ii) a portion of the nozzle body 15 where the conical passage changes into the straight passage is
formed as a ceramic formed-body 22GC; or

(iii) the straight passage is defined by a tube, at least the tip portion of the tube being formed as a
ceramic formed-body.

Alternatively,

(2) A ceramic coating is applied to at least part of the inner surface of the conical passage and/or the
straight passage. For instance,

(i) a ceramic coating is applied to the inner surface of a portion where the conical passage changes
into the straight passage; or

(i) a ceramic coating is applied to the inner surface of the tip of the straight passage that defines an
outlet of the nozzle body; or

(iif) a ceramic coating is applied to each of the inner surfaces mentioned at ltems (i) and (ii).

The ceramic-surface formation may be carried out in any of the above-described ways. However, it is
important that the ceramic material is used to form portions that are vuinerable to wear, such as the corner
portion at the boundary between the conical passage and the straight passages, and the inner surface at
the tip of the straight passage that defines the outlet of the nozzle body.

Specific descriptions will be given below.

Spinning is performed using a molten resin. The molten resin may preferably be extruded from one or a
large number of spinning nozzles arranged in a multiplicity of rows. Filaments spun are fed as they form
linear rows spaced at predetermined intervals.

Examples of usable resins may be either crystalline or non-crystalline and they include: polyolefin such
as low density polyethylene, high density polyethylene, polypropylene, poly-1-butene, poly-4-methyl-1-
pentene or a random or block copolymer of a-olefin which is ethylene, propylene-1-butene, 4-methyl-1-
pentene and so on; ethylene vinyl compound copolymer such as ethylene acrylic acid copolymer, ethylene
vinyl acetate copolymer, ethylene vinyl alcohol copolymer, ethylens vinyl chloride copolymer; styrene
resins such as polystyrene, acrylonitrile-styrene copolymer, ABS, methacrylic acid methyl-styrene
copolymer, a-methyistyrene-styrene copolymer; vinyl chloride such as polyvinyl chloride, polyvinylidene
chloride, viny! chioridevinylidene chloride copolymer; polyacrylic acid ester such as polyacrylic acid methyi
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and polymethacrylic acid methyl; polyamide such as nylon 6, nylon 6-8, nyion 6-10, nylon 11, nylon 12;
thermoplastic polyester such as polyethylene telephthalate, polybutylene telephthalate; polycarbonate;
polyphenyleneoxide; and mixtures thereof.

The molten resin contains a suitable amount of a pigment blended therein. Examples of the pigment are
inorganic pigments such as titanium white, zinc flower, lithopone, lead white, cadmium yellow, chrome
yellow, titan yellow, zinc chromate, yellow ochre, chrome vermilion, orange pigments, amber, yellow iron
oxide, red iron oxide, cadmium red, red lead, Prussian blue, ultramarine, cobalt blue, chromium oxide
green, mineral violet, carbon black, and iron biack; and organic pigments such as benzidine yellow, Hanza
yellow, lithol red, alizarin lake, pigment scarlet 3B, brilliant carmine 6B, permanent red F-5R, permanent red
4R, rhodamine lake B, rhodamine lake Y, lake red C, para red, peacock blue lake, phthalocyanine biue,
aniline black, permanent yellow HR, PV violet BL, quinacridone, perinone, anthraquinone, chromophthal
yellow 6G, chromophthal yellow 3G, and chromophthal yellow GR.

Air nozzles are disposed for receiving bundles of spun filaments and for feeding them onto a receiver,
for example, screen belt, and they comprise a plurality of air nozzles the number of which is determined in
correspondence with the width of the nonwoven fabric to be produced. Filaments are discharged from each
air nozzle as they are carried in air jet. Then, as they are extended and dispersed, the fitaments are caused
to deposit in an entangled-manner on the screen belt, whereby nonwoven fabric of a predetermined size is
produced.

in the case where at least the portion of the nozzle body 15 where the conical passage changes into the
straight passage is formed as a ceramic surface, the wear resistance of that portion is improved, thereby
preventing the occurrence of abrasion in the inner wall surface of the nozzle even when the nozzle is used
to receive and feed filaments containing a pigment such as fitanium white.

In the case where the nozzle body 15 comprises the nozzle base 20 and the mouthpiece 22, the
mouthpiece 22 is disposed at the apex portion of a converging hole 21 of the base 20 where the high-speed
contact of filaments with the nozzle base 20 is particularly serious, and a part of a converging passage is
defined at that portion by a part of the mouthpiece 22. If a discharge tube portion 22B extending from the
converging passage-defining part of the mouthpiece 22 and defining a straight passage is provided in such
a manner that the inner peripheral portion at the tip thereof is formed using a ceramic material, the wear
resistance of that inner peripheral portion can be improved. In the case being discussed, the manner in
which a ceramic surface is provided may be either of the following: the tip portion of the discharge fube
portion 22B is formed with a tubular shape using a ceramic material; or a metal material or the like used as
a substrate of the discharge tube portion 22B is formed with a tubular shape, then a ceramic coating is
applied to the inner peripheral surface at the tip alone. However, the application of a ceramic coating is not
limited to the inner periphery at the tip of the discharge tube portion 22B. More preferably, a ceramic
coating may be applied to the entire inner periphery of the mouthpiece 22.

Examples of the ceramic material which may be used in the present invention include materials which
contain as their main components oxides such as alumina (Al2Os), boron oxide (B20), silicon dioxide
(SiO2), tin dioxide (SnO2), zinc oxide (ZnO) and zirconium dioxide (ZrO2), nitrides such as boron nitride
(BN), aluminum nitride (AIN), silicon nitride (SisN«) and sialon [(Si, Al)s(O ,N)s], and carbides such as
single-crystal boron carbide (B:C), silicon carbide (SiC) and titanium carbide; and materials which are
mixtures thereof.

Among these materials, those contain alumina as their main components have excellent wear resis-
tance, thermal resistance, and chemical resistance, and they are therefore suitable for use in the present
invention. A material containing alumina as the main component may be used, for instance, by mixing
titanium oxide (Ti203) with alumina (Al20s) at the ratio of 0.15 : 100, adding to the resultant mixture small
amounts of chromium oxide (Cr203) and iron oxide (Fez03), and forming the required portion of the
mouthpiece 22 by such a method as a rubber pressing method and then sintering the formed body.

If the material contains boron oxide (B20), this is advantageous in that the oxide has a crystal structure
similar to that of diamond, thereby enabling an excellent level of super-hardness and restraining the
occurrence of abrasions and marks.

Zirconium dioxide (ZrO2) which has excellent corrosion resistance and wear resistance is also suitable
for use in the present invention. Zirconium dioxide may be also used to form a coating on a metal surface.
In this case, therefore, instead of using a ceramic material on the portion required, the portion may be
coated with a zirconium dioxide coating layer.

Among various types of boron nitride (BN), cubic boron nitride (cBN) has a hardness equivalent to that
of diamond and is thus capable of imparting excellent wear resistance. In this regard, boron nitride of this
type is also suitable for use in the present invention.

Silicon nitride (SiaNs) which has excellent wear resistance is also suitable. Silicon nitride may be used
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by sintering it in a pressurized nitrogen aimosphere together with 3 to 10 % of MgO, Y203 and oxides of
rare earth metals, which are added as sintering assistants.

Among other examples mentioned above, sialon [(Si, Al)s(O ,N)z], and silicon carbide (SiC) have high
levels of hardness, and they are thus suitable for use in the present invention.

An air nozzle for use in the production of nonwoven fabric in accordance with one embodiment of the
present invention will now be described hereunder with reference to the drawings.

Referring to Fig. 1, an air nozzle for receiving spun filaments from a spinning nozzle (not shown) has a
housing 10, and a nozzle base 20 threaded into the upper portion of the housing 10 and forming a part of a
nozzle body 15. Filaments are introduced through an inlet 19 formed in the nozzle base 20. The nozzle
base 20 is formed with an inverted-cone shaped converging hole 21 to facilitate the receiving of filaments.

A mouthpiece 22, forming another part of the nozzle body 15, is threaded onto the nozzle base 20
around the periphery of the apex portion of the converging hole 21. The mouthpiece 22 comprises a base
portion 22A and a discharge tube portion 22B extending axially from the base portion 22A in the form of a
straight tube. The base portion 22A is formed with a converging hole 23a continuing from the converging
hole 21 of the nozzle base 20 with the same gradient. The discharge tube portion 22B axially project while
communicating with the converging hole 23a. The converging hole 21 and the converging hole 23a
constitute a converging passage, while the discharge tube portion 22B defines a straight passage.

The nozzle base 20 has a compressed air chamber 11 formed therein. The compressed air chamber 11
surrounds that side of the discharge tube portion 22B closer to the nozzle base 20 and acts as a part of an
air passage. Compressed air A is introduced into the compressed air chamber 11 from an air supply source
(not shown) through an air conduit 30. A feeding guide tube 40, partially defining the compressed air
chamber 11, is threaded onto and connected to the lower end of the housing 10, whereby filaments are fed
onto a dispersion plate (not shown) disposed below the air nozzle.

An air throttle tube 41 is fitted on the feed guiding tube 40 in such a manner as to project into the
compressed air chamber 11. The discharge pipe portion 22B is partially inserted from above into the air
throttle tube 41. The air throtile tube 41 is formed with a converging hole 41a of which the diameter
gradually decreases in the direction of the flow of air, and a diverging hole 41b which continues from the
converging hole 41a and of which the diameter gradually increases. Gaps are provided between the outer
periphery of the discharge tube portion 22b inserted into the air throttle tube 41 and the inner surfaces of
the converging hole 41a and the diverging hole 41b, to allow passage of compressed air A therethrough.
Specifically, the flow of compressed air A from the compressed air chamber 11 is straightened as the air A
flows within the air throttle tube 41, and is transformed into an air jet A1 at an increased speed which is
blown along the outer periphery of the discharge tube 22B toward the axial tip thereof, and thus into the
feeding guide tube 40. The action of the air jet A1 causes negative pressure to prevail in the vicinity of the
outer side of the tip of the discharge tube portion 22B, whereby the flow of the filament being discharged is
stabilized through a sucking action.

In this way, filaments discharged from the discharge tube portion 22B of the mouthpiece 22 are carried
in an air jet At to be passed through the feeding guide tube 40 and then be sent onto the dispersion plate
disposed below.

- (Examples)

Three types (i), (i) and (iii) of air nozzles having different mouthpieces were prepared as examples of
the air nozzle of the present invention. In the air nozzle type (i), the entire mouth piece 22 was formed using
a ceramic material, as shown in fig. 1; in the air nozzle type (i), a ceramic formed-body 22c was fitted at a
portion of the mouthpiece 22 where the converging passage changes into the straight passage, as shown in
Fig. 2; and in the air nozzle type (jii), a ceramic coating layer 25 was formed on the inner peripheral surface
at the tip portion of the discharge tube portion 22B of the mouthpiece 22, as shown in Fig. 3. A ceramic
material containing alumina as the main component, and comprising, e.g., 100 parts by weight of alumina
and 0.1 parts by weight of magnesia was used.

Nonwoven fabric was produced using each type (i), (ii), or (iii) of the air nozzles. Polypropylene was
used as the basic material of the nonwoven fabric, 0.85 wt % of titanium white (TiOz) was blended in the
material, then spinning was performed. The resultant filaments were dispersed and deposited on a screen
belt by means of the air nozzle, thereby attaining a pice of nonwoven fabric. In this production, filaments
were dispersed over an elliptic area having a short diameter of 100 mm and a long diameter of 500 to 520
mm. Seven air nozzles of the same type were arranged in a line, and the dispersion plate was moved in the
direction in which the air nozzles were arranged, thereby producing a piece of nonwoven fabric having a
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predetermined thickness.

Further, a different type of air nozzles were prepared as a comparison example and were employed to
produce a pice of nonwoven fabric using the same materials and the same method. Each of these air
nozzles had a mouthplece 22" of the same configuration including a discharge tube portion 228', but the
entire mouthpiece 22" was formed of a steel material.

The properties of the pieces of nonwoven fabric produced employing the examples of the present
invention and the comparison example were examined. The results of the examination are shown in Table
1.

TABLE 1

TIME AFTER FILAMENT | FILAMENT | IRREGULAR

PRODUCTION OVERLAP MASS THICKNESS
EXAMPLES IMMEDIATELY AFTER' 1103 Oto2 0
OF 3 DAYS AFTER 1t03 Oto2 0
INVENTION 30 DAYS AFTER 1t03 Oto2 0
(CERAMIC)
COMPARISON | IMMEDIATELY AFTER 2104 1t03 0
EXAMPLE 3 DAYS AFTER 7t09 4t06 Otot
(STEEL) 7 DAYS AFTER 3010 50 20 to 30 10 to 20

The data in the table show the number of occurrence per roil (one roll = 0.6 m (width) x 5000 m
(length)

Filament overlap: a portion of an increased thickness in which filaments overlap with one another and
which has a diameter of below 5 cm

Filament mass: a portion of an increased thickness in which filaments overlap with one another, and
which has a diameter of above 5 cm

Irregular thickness: a portion with an irregular thickness which has a length of several mm

As will be clearly understood from these results, the air nozzle of the present invention in which a
ceramic material is used can ensure that the produced nonwoven fabric has less defectives than that
produced employing an air nozzle formed using a steel material, thereby enabling the production of
nonwoven fabric having higher qualities.

Production of nonwoven fabric was conducted for one month under the same conditions as those
described above and employing the above-described examples of the present invention, and the air nozzles
employed were examined. As a result, there was no evidence that any abrasions or marks had occurred in
the ceramic-applied portions of the mouthpieces 22. Thus, it has been made clear that with the air nozzle of
the present invention, it is possible to continuously produce nonwoven fabric with a very low level of
defectiveness.

As has been described above, according to the present invention, it is possible to prevent the inner wall
surface of the nozzle body from being abraded and, hence, to prevent the flow of filaments from being
disturbed. Accordingly, filaments can be dispersed uniformly without becoming locally deposited, thereby
enabling the production of nonwoven fabric with no irregular portions.

Claims

1. An air nozzle for use in the production of nonwoven fabric adapted to receive spun filaments from a
spinning nozzle and feed the filaments in an air jet onto a receiver, comprising:
a nozzle body having an inlet through which said filaments from said spinning nozzle are received; and an
air passage for guiding air towards an outlet of said nozzle body whereby said filaments are discharged
from the inside of said nozzle body and entrained in the flow of said air to be fed toward said receiver,
said nozzle body having a converging passage the diameter of which gradually decreases from said inlet
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for receiving said filaments, and a straight passage continuing from said converging passage and extending
toward said outlet of said nozzle body, at least part of the inner surface of said converging passage and/or
said straight passage having a ceramic surface.

2. An air nozzle for use in the production of nonwoven fabric according to claim 1, wherein the entire
nozzle body is formed of a ceramic material.

3. An air nozzle for use in the production of nonwoven fabric according to claim 1, wherein said nozzle
body has a mouthpiece forming a part of said nozzle body from a mid-portion of said converging passage
to the tip of said straight passage, and a nozzle base forming the remaining part of said nozzle body, said
mouthpiece being detachably mounted on said nozzle base, the entire mouthpiece being formed of a
oeramic material.

4. An air nozzle for use in the production of nonwoven fabric according to claim 1 or 3, wherein a
portion of said nozzle body where said converging passage changes into said straight passage is formed as
a ceramic formed-body.

5. An air nozzle for use in the production of nonwoven fabric according to claim 1, 3 or 4 wherein said
straight passage is defined by a tube, at least the tip portion of said tube being formed as a ceramic
formed-body.

6. An air nozzle for use in the production of nonwoven fabric according to any preceding claim, whersin
a ceramic coating is applied to the inner surface of at least part of said converging passage and/or said
straight passage.

7. An air nozzle for use in the production of nonwoven fabric according to claim 6, whersin a ceramic
coating is applied to the inner face of a portion of said nozzle body where said converging passage
changes into said straight passage.

8. An air nozzle for use in the production of nonwoven fabric according to claim 6 or 7 wherein a
ceramic coating is applied to the inner face of the tip of said straight passage that defines said outlet of said
nozzle body.

8. An air nozzle for use in the production of nonwoven fabric according to claim 6, 7 or 8 wherein the
ceramic coating is applied to the entire inner surface of the nozzle body.
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