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(57) Provided is a mandrel used in a device for man-
ufacturing a hollow acetate tube to be used in a heating
type smoking article, said mandrel comprising a metallic
mandrel body and a composite resin coating film which is
formed on the surface of the mandrel body by melting a

composite resin comprising one or more resins selected
from the group consisting of a PEEK resin, a PEKK resin,
a PPS resin and a PES resin together with a fluorine resin,
wherein the composite resin coating film has bubbles in
the film.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a mandrel for
use in a manufacturing apparatus for manufacturing a
hollow acetate tube and a manufacturing method of a
mandrel, and an apparatus and method for manufactur-
ing a hollow acetate tube.

BACKGROUND ART

[0002] Conventionally, in a field of flavor aspirators, a
hollow filter constituting a part of a consumable material
to be smoked is manufactured by manufacturing a hollow
acetate tube and cutting this tube. Then, a metal core
called a mandrel is used in an apparatus for manufactur-
ing the hollow acetate tube. See, for example, PTL 1.

CITATION LIST

PATENT LITERATURE

[0003] PTL 1: Japanese Translation of PCT Interna-
tional Application Publication No. 2019‑502369

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] However, in a process of manufacturing a hol-
low acetate tube, a mandrel may deteriorate. Specifically,
a manufacturing apparatus may be stopped by a tow
clogged in the manufacturing apparatus, which is a ma-
terial of the hollow acetate tube, due to wear on the
surface of the mandrel, or a defective product may occur
among manufactured hollow acetate tubes.
[0005] The present disclosure provides a mandrel for
use in a manufacturing apparatus for manufacturing a
hollow acetate tube and a manufacturing method of
thereof, and an apparatus and method for manufacturing
a hollow acetate tube, with improved durability as a
component and improved quality of a manufactured pro-
duct.

SOLUTION TO PROBLEM

[0006] A first aspect of the present disclosure provides
a mandrel for use in a manufacturing apparatus for
manufacturing a hollow acetate tube to be applied to a
heating type tobacco product, the mandrel comprising a
metal mandrel body, and a composite resin film formed
on the surface of the mandrel body by melting a compo-
site resin including one or more resins selected from the
group consisting of a PEEK resin, a PEKK resin, a PPS
resin and a PES resin together with a fluorine resin,
wherein the composite resin film includes bubbles inside
the film.

[0007] In the above first aspect, the surface of the
mandrel is coated with the composite resin film made
of a predetermined material, and bubbles are formed
within the composite resin film. According to the first
aspect, favorable results are obtained in an endurance
time of the mandrel and a rejection rate of the hollow
acetate tube.
[0008] A second aspect of the present disclosure pro-
vides the mandrel in the above first aspect, wherein the
composite resin film has a thickness of 50 µm to 200 µm.
[0009] In the above second aspect, the thickness of a
layer of the composite resin film formed on the surface of
the mandrel is from 50 µm to 200 µm. According to the
second aspect, more favorable results are obtained in the
endurance time of the mandrel and the rejection rate of
the hollow acetate tube.
[0010] A third aspect of the present disclosure provides
the mandrel in the above first or second aspect, wherein
the bubbles have a minimum delivery length of 5 µm or
more.
[0011] In the above third aspect, the minimum delivery
length of the bubbles formed in the layer of the composite
resin film is 5 µm or more. According to the third aspect,
more favorable results are obtained in the endurance
time of the mandrel and the rejection rate of the hollow
acetate tube.
[0012] A fourth aspect of the present disclosure pro-
vides the mandrel in the above first to third aspects,
wherein the composite resin film has a surface rough-
ness Ra of 15 µm to 40 µm.
[0013] In the fourth aspect, the surface roughness Ra
of the composite resin film is from 15 µm to 40 µm.
According to the fourth aspect, more favorable results
are obtained in the endurance time of the mandrel and the
rejection rate of the hollow acetate tube.
[0014] A fifth aspect of the present disclosure provides
the mandrel in the fourth aspect, wherein the composite
resin film exhibits the surface roughness Ra of 15 µm to
40 µm after being rubbed over 10 hours by the hollow
acetate tube moving at a speed of 200 m/min to 300
m/min by driving the manufacturing apparatus.
[0015] In the fifth aspect, after the manufacturing ap-
paratus is driven for N hours to manufacture the hollow
acetate tube, the composite resin film keeps the surface
roughness Ra of 15 µm to 40 µm. According to the fifth
aspect, more favorable results are obtained in the en-
durance time of the mandrel and the rejection rate of the
hollow acetate tube.
[0016] A sixth aspect of the present disclosure pro-
vides a mandrel for use in a manufacturing apparatus for
manufacturing a hollow acetate tube to be applied to a
heating type tobacco product, the mandrel comprising a
metal mandrel body, and acarbide hard chromium plating
film formed on the surface of the mandrel body.
[0017] In the sixth aspect, the surface of the metal
mandrel body is coated with carbide hard chromium
plating. According to the sixth aspect, favorable results
are obtained in the endurance time of the mandrel and the
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rejection rate of the hollow acetate tube.
[0018] A seventh aspect of the present disclosure pro-
vides an apparatus for manufacturing a hollow acetate
tube, comprising the mandrel according to the above first
to sixth aspects.
[0019] According to the above seventh aspect, it is
possible to provide the apparatus for manufacturing
the hollow acetate tube that obtains a favorable result
in the rejection rate of the hollow acetate tube.
[0020] An eighth aspect of the present disclosure pro-
vides a method for manufacturing a hollow acetate tube
to be applied to a heating type tobacco product, the
method comprising: rubbing the surface of a mandrel
with fiber as a material of the hollow acetate tube moving
in a manufacturing apparatus for manufacturing the hol-
low acetate tube, the mandrel for use in the manufactur-
ing apparatus, comprising a metal mandrel body, and a
composite resin film formed on the surface of the mandrel
body by melting a composite resin including one or more
resins selected from the group consisting of a PEEK
resin, a PEKK resin, a PPS resin and a PES resin
together with a fluorine resin, wherein the composite
resin film includes bubbles inside the film.
[0021] The above eighth aspect includes rubbing, with
the fiber as the material of the hollow acetate tube, the
surface of the metal mandrel body coated with the com-
posite resin film made of a predetermined material and
including the bubbles formed within the composite resin
film. According to the eighth aspect, favorable results are
obtained in the endurance time of the mandrel and the
rejection rate of the hollow acetate tube.
[0022] A ninth aspect of the present disclosure pro-
vides a method for manufacturing a hollow acetate tube
to be applied to a heating type tobacco product, the
method comprising: rubbing the surface of a mandrel
with fiber as a material of the hollow acetate tube moving
in a manufacturing apparatus for manufacturing the hol-
low acetate tube, the mandrel for use in a component of
the manufacturing apparatus, comprising a metal man-
drel body, and a carbide hard chromium plating film
formed on the surface of the mandrel body.
[0023] The ninth aspect includes rubbing, with the fiber
as the material of the hollow acetate tube, the surface of
the metal mandrel body coated with the carbide hard
chromium plating film. According to the ninth aspect,
favorable results are obtained in the endurance time of
the mandrel and the rejection rate of the hollow acetate
tube.
[0024] A tenth aspect of the present disclosure pro-
vides a method for manufacturing a mandrel for use in a
manufacturing apparatus for manufacturing a hollow
acetate tube to be applied to a heating type tobacco
product, the method comprising: blasting the surface of
a metal mandrel body, and mixing, applying and melting
one or more resins selected from the group consisting of
a PEEK resin, a PEKK resin, a PPS resin and a PES resin
together with a fluorine resin to form a composite resin
film on the blasted surface.

[0025] The above tenth aspect includes blasting the
surface of the metal mandrel body and then coating the
surface with the composite resin film formed by a pre-
determined process. According to the tenth aspect, fa-
vorable results are obtained in the endurance time of the
mandrel and the rejection rate of the hollow acetate tube.
[0026] An eleventh aspect of the present disclosure
provides a method for manufacturing a mandrel for use in
a manufacturing apparatus for manufacturing a hollow
acetate tube to be applied to a heating type tobacco
product, the method comprising blasting the surface of
a metal mandrel body and forming a carbide hard chro-
mium plating film on the blasted surface.
[0027] The eleventh aspect includes blasting the sur-
face of the metal mandrel body and then coating the
surface with the carbide hard chromium plating film.
According to the eleventh aspect, favorable results are
obtained in the endurance time of the mandrel and the
rejection rate of the hollow acetate tube.

BRIEF DESCRIPTION OF DRAWINGS

[0028]

Fig. 1 is a schematic cross-sectional side view show-
ing an example of a consumable material of a flavor
aspirator.
Fig. 2 is a perspective view showing a hollow acetate
tube.
Fig. 3 is a conceptual diagram showing a manufac-
turing process of the hollow acetate tube.
Fig. 4A is a perspective view showing an example of
a defective product of the hollow acetate tube.
Fig. 4B is a perspective view showing an example of
the defective product of the hollow acetate tube.
Fig. 4C is a perspective view showing an example of
the defective product of the hollow acetate tube.
Fig. 5 is a top view showing a mandrel.
Fig. 6A is a perspective view showing a main part of a
hollow acetate tube manufacturing apparatus.
Fig. 6B is a perspective view showing the main part of
the hollow acetate tube manufacturing apparatus.
Fig. 6C is a perspective view showing the main part
of the hollow acetate tube manufacturing apparatus.
Fig. 7A is an enlarged view showing the surface of
the mandrel before use.
Fig. 7B is an enlarged view showing the surface of
the mandrel after the use.
Fig. 8 is a conceptual diagram showing a coating of
the mandrel surface.
Fig. 9 is a table showing experimental results when a
hollow acetate tube manufacturing apparatus using
mandrels according to first to third examples and a
hollow acetate tube manufacturing apparatus using
mandrels according to first and second comparative
examples are driven to limit of use of the mandrel.
Fig. 10 is a table showing experimental results when
the hollow acetate tube manufacturing apparatus
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using the mandrel according to the first example and
the hollow acetate tube manufacturing apparatus
using the mandrel according to the first comparative
example are driven for six hours.
Fig. 11 is a conceptual diagram showing the surface
of the mandrel according to the first example.
Fig. 12A is a cross-sectional view showing the sur-
face of the mandrel according to the first example.
Fig. 12B is a cross-sectional view showing the sur-
face of the mandrel according to the second exam-
ple.
Fig. 12C is a cross-sectional view showing the sur-
face of the mandrel according to the third example.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, embodiments of the present dis-
closure will be described with reference to the drawings.
In the drawings described below, the same or corre-
sponding components are denoted with the same refer-
ence sign and duplicate descriptions are omitted.
[0030] Fig. 1 is a schematic cross-sectional side view
of a consumable material 110, which is an example of a
consumable material for use in a flavor aspirator. The
flavor aspirator and the consumable material 110 may
constitute a smoking system. In the example shown in
Fig. 1, the consumable material 110 includes a smoke-
able material 111, a tubular member 114, a hollow filter
portion 116, and a filter portion 115. The smokeable
material 111 is wrapped in first wrapping paper 112.
The tubular member 114, the hollow filter portion 116,
and the filter portion 115 are wrapped in second wrapping
paper 113 that is different from the first wrapping paper
112. The second wrapping paper 113 is also for wrapping
a part of the first wrapping paper 112 that wraps the
smokeable material 111. Thus, the tubular member
114, the hollow filter portion 116, and the filter portion
115 are coupled to the smokeable material 111. However,
the second wrapping paper 113 may be omitted, and the
first wrapping paper 112 may be used to couple the
tubular member 114, the hollow filter portion 116, and
the filter portion 115 to the smokeable material 111. A lip
release agent 117 is applied to an outer surface of the
second wrapping paper 113 in the vicinity of an end of the
second wrapping paper 113 on a filter portion 115 side to
prevent a user’s lips from sticking to the second wrapping
paper 113. A portion of the consumable material 110 to
which the lip release agent 117 is applied functions as a
mouthpiece of the consumable material 110. The con-
sumable material 110 is an example of heating type
tobacco of the present disclosure.
[0031] The smokeable material 111 may include, for
example, a flavor source such as tobacco and an aerosol
source. Furthermore, the first wrapping paper 112 that
wraps the smokeable material 111 may be a breathable
sheet member. The tubular member 114 may be a paper
tube or a hollow filter. In the example shown in Fig. 1, the
consumable material 110 includes the smokeable mate-

rial 111, the tubular member 114, the hollow filter portion
116, and the filter portion 115, but the consumable ma-
terial 110 is not limited to this configuration.
[0032] The tubular member 114 and the hollow filter
portion 116 of the consumable material 110 may be
formed integrally. Hereinafter, in the present disclosure,
the tubular member 114 and the hollow filter portion 116
will be described as an integral hollow filter. The hollow
filter in which the tubular member 114 and the hollow filter
portion 116 are integrally formed is an example of the filter
of the present disclosure.
[0033] The hollow filter is formed by cutting a hollow
acetate tube 20 into a predetermined length. Fig. 2 is a
perspective view of the hollow acetate tube 20. As an
example, three hollow filters are obtained by dividing the
hollow acetate tube 20 equally into three along a long-
itudinal direction.
[0034] The hollow acetate tube 20 is a hollow tube
formed from a material called acetate. A raw material
of the hollow acetate tube 20 is cellulose. For example,
cellulose obtained from wood can be used. Cellulose is
reacted with acetic acid to produce cellulose acetate
(also called acetyl cellulose or acetate), and cellulose
acetate is dissolved in a solvent such as acetone, injected
through thin holes, and dried using warm air to form fiber.
The fiber is spun to form a bundle called tow.
[0035] Hereinafter, a manufacturing process of the
hollow acetate tube 20 using a hollow acetate tube man-
ufacturing apparatus 30 will be described. Fig. 3 is a
conceptual diagram showing the manufacturing process
of the hollow acetate tube 20. Figs. 4A to 4C are per-
spective views showing an example of a defective pro-
duct of the hollow acetate tube 20. Fig. 5 is a top view of a
mandrel 34. Figs. 6A to 6C are perspective views show-
ing a main part of the hollow acetate tube manufacturing
apparatus 30.
[0036] As shown in Fig. 3, an acetate tow 1 delivered
from a package of the acetate tow 1 receives air dis-
charged from a first banding jet 21 and a second banding
jet 22 and is made uniform and spread to a predetermined
width. Afterward, the acetate tow 1 passes through pre-
tension rollers 11, blooming rollers 12, stretch rollers 13
and a third banding jet 23 and proceeds toward a liquid
addition booth 4. The acetate tow 1 is pretreated by
impregnating the acetate tow with triacetin as a plastici-
zer in the liquid addition booth 4 to form a pretreated
acetate tow 5. The pretreated acetate tow 5 is sent to a
transport jet 31 via nip rolls 15 and a delivery roller 14.
[0037] In the transport jet 31, the pretreated acetate
tow 5 receives compressed air. As a result, the pretreated
acetate tow 5 is made uniform and conveyed into an
internal space of the transport jet 31 extending along
the longitudinal direction. When conveyed through the
transport jet 31, the pretreated acetate tow 5 changes
from a wide band shape to a substantially cylindrical rod-
like shape through a mandrel holder 35. The internal
space of the transport jet 31 extends substantially parallel
to a transfer direction A of an uncut continuous hollow
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acetate tube 6 manufactured by the hollow acetate tube
manufacturing apparatus 30.
[0038] The pretreated acetate tow 5 flows out from an
outlet opening of the transport jet 31 and is introduced
into a tongue 32 via a trumpet guide 26 and compressed,
thereby substantially determining an outer shape of the
uncut continuous hollow acetate tube 6. The mandrel
holder 35 and the mandrel 34 held by the mandrel holder
35 are arranged within the transport jet 31, the trumpet
guide 26, the tongue 32 and a thermoforming part 33, and
a hollow portion of the uncut continuous hollow acetate
tube 6 is formed. In the thermoforming part 33, steam is
applied to the pretreated acetate tow 5, and by heat of the
steam, the pretreated acetate tow 5 is rapidly plasticized
and solidified, to form the uncut continuous hollow acet-
ate tube 6.
[0039] A filter cutting part 7 located downstream of the
thermoforming part 33 cuts the uncut continuous hollow
acetate tube 6 to a predetermined length with a knife,
forms the hollow acetate tube 20, and sends the tube to
an inspection unit 8.
[0040] The inspection unit 8 optically inspects the hol-
low acetate tube 20. The inspection unit 8 is a member for
rejecting defective products of the hollow acetate tube
20. The inspection unit 8 optically detects a state of an
end of the hollow acetate tube 20 and inspects presence
or absence of molding defects.
[0041] Figs. 4A to 4C show examples of the defective
product of the hollow acetate tube 20 having the end at
which a manufacturing defect occurs. In Fig. 4A, fluffing
occurs on an inner circumference of the hollow acetate
tube 20. In Fig. 4B, a protrusion occurs on the inner
circumference of the hollow acetate tube 20 and results
in a molding defect. In FIG. 4C, an inner circumferential
circle of the hollow acetate tube 20 deviates from a
predetermined shape (thick line).
[0042] Since the inspection unit 8 merely inspects only
one end of the hollow acetate tube 20, the defective
products cannot completely be rejected. That is, the
inspection unit 8 cannot detect a defective product in
which a molding defect occurs only around a center of the
hollow acetate tube 20 in the longitudinal direction and in
which no molding defect appears at the end of the hollow
acetate tube. Such a defective product of the hollow
acetate tube 20 not detected by the inspection unit 8 is
rejected, for example, by sample inspection with human
power in a post-process of the hollow filter manufacturing
process.
[0043] Hereinafter, the rejection of the defective pro-
duct of the hollow acetate tube 20 referred to in the
present disclosure means that the molding defect deter-
mined by the inspection unit 8 is rejected, and a rejection
rate of defective products indicates a rate of a number of
defective products determined as molding defects by the
inspection unit 8 and rejected out of a total number of the
hollow acetate tubes 20.
[0044] The hollow acetate tube 20 that has passed
through the inspection unit 8 is sent to a defective product

storage or normal product storage (not shown). The
hollow acetate tube 20 determined to be defective in
the inspection unit 8 is sent to the defective product
storage, and the hollow acetate tube 20 from which no
molding defect is detected in the inspection unit 8 is sent
to the normal product storage. Only the hollow acetate
tubes 20 accumulated in the normal product storage are
sent to a post-forming process of the hollow filter.
[0045] As shown in Fig. 5, the mandrel 34 is a metal
core and is used to form a hollow portion of the hollow
acetate tube 20 in the hollow acetate tube manufacturing
apparatus 30.
[0046] With reference to Figs. 6A to 6C, a configuration
of the main part of the hollow acetate tube manufacturing
apparatus 30 shown in Fig. 3 will be described. Fig. 6A is
a view showing an excerpt including the transport jet 31,
the trumpet guide 26, and the tongue 32. Hereinafter, the
transport jet 31, the trumpet guide 26 and the tongue 32
are also collectively referred to as a tongue part. Fig. 6B is
a view showing an excerpt including the mandrel holder
35 and the mandrel 34. Fig. 6C is a view showing an
excerpt including the tongue part and the thermoforming
part 33.
[0047] As shown in Figs. 6A to 6C, the transport jet 31,
the trumpet guide 26 and the tongue 32 are arranged in
this order substantially parallel to the transfer direction A.
The mandrel 34 held in a rod-shaped portion of the
mandrel holder 35 extends substantially parallel to the
transfer direction A. Here, the mandrel holder 35 and the
mandrel 34 held by the mandrel holder 35 are arranged
within the transport jet 31, the trumpet guide 26, the
tongue 32 and the thermoforming part 33.
[0048] The pretreated acetate tow 5 is introduced from
an inlet opening of the transport jet 31, subjected to
compressed air and made uniform. When conveyed in
the transport jet 31, the pretreated acetate tow 5 is evenly
disposed around the mandrel holder 35 due to influence
of compressed air, changes from a wide band shape to a
substantially cylindrical rod shape and flows out from the
outlet opening of the transport jet 31.
[0049] Subsequently, when conveyed in the trumpet
guide 26 and the tongue 32, the pretreated acetate tow 5
is narrowed down around the mandrel holder 35 with the
trumpet guide 26 and compressed around the mandrel
holder 35 with the tongue 32, thereby defining a hollow in
the tow. Afterward, when conveyed in the thermoforming
part 33, the pretreated acetate tow 5 is plasticized and
solidified around the mandrel 34 with steam sprayed from
a plurality of holes (not shown) arranged in the thermo-
forming part 33, to form the uncut continuous hollow
acetate tube 6.
[0050] As described above, only the hollow acetate
tube 20 accumulated in the normal product storage is
sent to the post-forming process of the hollow filter. Then,
the manufactured hollow filter is combined with the
smokeable material 111 wrapped in the first wrapping
paper 112 and the filter portion 115 prepared according to
respective predetermined configurations and wrapped in
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the second wrapping paper 113, to couple respective
members. Furthermore, by applying the lip release agent
117 to the outer surface of the second wrapping paper
113 in the vicinity of the end of the second wrapping paper
on the filter portion 115 side, the consumable material 110
shown in Fig. 1 is manufactured.
[0051] Next, with reference to Figs. 7A, 7B, and 8, a
structure of the surface of the mandrel 34 will be de-
scribed. Fig. 7A is an enlarged view showing the surface
of the mandrel 34 before being used in the hollow acetate
tube manufacturing apparatus 30. Fig. 7B is an enlarged
view showing the surface of the mandrel 34 after being
used in the hollow acetate tube manufacturing apparatus
30. Fig. 8 is a conceptual diagram showing a coating on
the surface of the mandrel 34.
[0052] As shown in Fig. 7A, the surface of an unused
metal mandrel body 34A is provided with unevenness by
blasting. The mandrel body 34A can maintain constant
unevenness even after being used for a certain time or
can maintain the constant unevenness even if worn. As
shown in FIG. 7B, after attaching the mandrel body 34A to
the mandrel holder 35 and driving the hollow acetate tube
manufacturing apparatus 30 for a predetermined time,
the mandrel body 34A is worn in contact with the pre-
treated acetate tow 5 and has reduced unevenness on
the surface of the mandrel body.
[0053] In the present disclosure, as shown in Fig. 8,
various coatings 34B are applied to the surface of the
metal mandrel body 34A. In the embodiment of the pre-
sent disclosure, three types of mandrels 34 are manu-
factured by performing three types of processing on the
surface of the mandrel body 34A. Hereinafter, each of
these three examples will be described.

(First Example: PEEK Fluorine Composite Coating)

[0054] A first example provides a mandrel 34 obtained
by blasting the surface of a metal mandrel body 34A, and
then performing composite resin processing described in
literature (Japanese Patent No. 3905730) of NIKKEN
COATING INDUSTRY CO., LTD. to form a coating 34B
on the surface. Hereinafter, a manufacturing process of
the coating 34B according to the first example will be
described.
[0055] First, the process includes pretreating the sur-
face of the metal mandrel body 34A. Such pretreatment
includes a first step of dry heating the mandrel body 34A,
for example, at 400°C. Consequently, dirt such as oil
content adhered to the surface of the mandrel body
34A is removed. The pretreatment includes a second
step of blasting the surface, for example, with alumina.
Consequently, other impurities remaining on the surface
of the mandrel body 34A are removed and the uneven-
ness shown in Fig. 7A is formed. The blasting is not
limited to alumina, but may be fine particles of sand,
metal, ceramic, or the like as long as it can be hit against
the surface.
[0056] Next, the process includes subjecting the sur-

face of the mandrel body 34A to surface treatment. The
surface treatment includes a first step of applying a
primer for adhering a composite resin to the surface of
the mandrel body 34A. The surface treatment includes a
second step of firing the mandrel body 34A with the
primer applied thereto, for example, at 400°C for 60
minutes. Consequently, the surface of the mandrel body
34A and a primer layer adhere to each other.
[0057] Subsequently, the process includes applying
the composite resin to the surface of the mandrel body
34A. The composite resin is a mixture of one or more
resins selected from the group consisting of a PEEK
resin, a PEKK resin, a PPS resin and a PES resin and
a fluorine resin. As an example, the PEEK resin and a
PFA resin as the fluorine resin can be used as the
composite resin, and a ratio of PEEK resin:PFA resin =
about 80: about 20 can be adopted as a blending ratio.
[0058] Next, the process includes applying this com-
posite resin onto the primer layer formed on the surface of
the mandrel body 34A. The applying can be performed by
a known coating method such as electrostatic powder
coating, flow immersion, or spray coating. By adjusting
the blending ratio of the composite resin and a film
thickness, surface roughness of a composite resin film
as the coating 34B formed can be set to a desired value.
In the first example, the blending ratio of the composite
resin and the film thickness are adjusted such that a
surface roughness Ra of the composite resin film as
the coating 34B is in a range of 15 µm to 40 µm. As an
example, the thickness of the composite resin film is from
50 µm to 200 µm.
[0059] Subsequently, the process includes firing the
applied composite resin in a firing furnace. The compo-
site resin is fired, for example, at 420°C (melting tem-
perature) for 60 minutes. Thus, the composite resin is
melted and adheres to the primer layer. Finally, the
composite resin film integrally adhered to the primer layer
is cooled to cure the composite resin, thereby completing
the coating 34B according to the first example. The
composite resin film as the coating 34B has a surface
formed in an uneven shape and is provided with slipperi-
ness by a fluorine resin and formed integrally adhering to
the surface of the mandrel body 34A.

(Second Example: PEEK Coating)

[0060] A second example provides a mandrel 34 ob-
tained by blasting the surface of a metal mandrel body
34A, and then performing resin processing with a PEEK
resin to form a coating 34B on the surface. Hereinafter, a
manufacturing process of the coating 34B according to
the second example will be described.
[0061] First, the process includes subjecting the sur-
face of the metal mandrel body 34A to pretreatment and
surface treatment. The pretreatment and surface treat-
ment are the same as the treatments described in the first
example. Next, the process includes applying the PEEK
resin onto a primer layer formed on the surface of the
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mandrel body 34A by the coating method described in the
first example.
[0062] Subsequently, the process includes firing the
applied PEEK resin in a firing furnace. The PEEK resin is
fired in the same manner as in the first example, so that a
PEEK resin is melted and adheres to the primer layer.
Finally, the process includes cooling the PEEK resin film
integrally adhered to the primer layer to cure the PEEK
resin, thereby completing the coating 34B according to
the second example.

(Third Example: Carbide Hard Chromium Plating)

[0063] A third example provides a mandrel 34 obtained
by subjecting the surface of a metal mandrel body 34A to
processing called Blastron (registered trademark) of
Chiyoda Dai-ichi Kogyo Co., Ltd. to form a coating
34B. Hereinafter, a manufacturing process of the coating
34B according to the third example will be described.
[0064] First, the process includes pretreating the sur-
face of the metal mandrel body 34A. This pretreatment
includes a first step of dry heating the mandrel body 34A,
for example, at 400°C. Consequently, dirt such as oil
content adhered to the surface of the mandrel body
34A is removed. The pretreatment includes a second
step of blasting the surface, for example, with alumina.
Consequently, other impurities remaining on the surface
of the mandrel body 34A are removed and the uneven-
ness shown in Fig. 7A is formed.
[0065] Next, the process includes subjecting the sur-
face of the mandrel body 34A to carbide hard chromium
plating, to form a carbide hard chromium plating film.
Subsequently, the process includes blasting the carbide
hard chromium plating film formed on the surface of the
mandrel body 34A, for example, with alumina, to com-
plete the coating 34B according to the third example.
Specifically, the coating 34B according to the third ex-
ample is formed by processing called Blastron #120.
Here, a numerical after Blastron indicates surface rough-
ness of the coating 34B. For example, Blastron #200
indicates a surface roughness Ra of about 0.45 µm, and
Blastron #400 indicates a surface roughness Ra of about
0.35 µm. As the coating 34B, Blastron #120 to #440 may
be used.

(Experimental Result)

[0066] Experiments were performed using a hollow
acetate tube manufacturing apparatus 30 in which man-
drels 34 according to the first to third examples of the
embodiment of the present disclosure described above
were used, and a hollow acetate tube manufacturing
apparatus in which mandrels according to first and sec-
ond comparative examples were used. Experimental
results will be described as follows.
[0067] The mandrel according to the first comparative
example is an existing mandrel manufactured by Hauni
Maschinenbau AG with a resin coating formed on the

surface of a mandrel body. Furthermore, the mandrel
according to the second comparative example is a man-
drel with the surface of a mandrel body subjected only to
blasting.
[0068] First, the hollow acetate tube manufacturing
apparatus 30 using the mandrels 34 according to the
first to third examples and the hollow acetate tube man-
ufacturing apparatus using the mandrels according to the
first and second comparative examples were each driven
to use limit of the mandrel, and time to the use limit, a
reason for the use limit, and a rejection rate of defective
products were verified.
[0069] Fig. 9 is a table showing experimental results
when the hollow acetate tube manufacturing apparatus
30 using the mandrels 34 according to the first to third
examples and the hollow acetate tube manufacturing
apparatus using the mandrels according to the first
and second comparative examples were driven to the
use limit of the mandrel. Here, a mechanical speed of
each hollow acetate tube manufacturing apparatus, that
is, a moving speed of the hollow acetate tube is 500
m/min, and various settings are on the same conditions.
[0070] In FIG. 9, the mandrel use limit is defined after
start of use of a new mandrel until a machine cannot be
operated or rejection of defective products frequently
occurs, due to the mandrel. Furthermore, the rejection
rate of defective products indicates the rejection rate of
defective products when a hollow acetate tube is man-
ufactured for 15 minutes after the start of use of the new
mandrel.
[0071] As shown in Fig. 9, in the first example (PEEK
fluorine composite coating), after 48 hours from the start
of use of the mandrel, tow clogging frequently occurred in
a tongue unit due to wear on the surface of the mandrel,
and the mandrel reached the limit of use. Furthermore,
the defective product rejection rate in the first example
was 1.02%.
[0072] Also, in the second example (PEEK coating),
after four hours from the start of use of the mandrel, the
tow clogging frequently occurred in the tongue unit due to
wear on the surface of the mandrel, and the mandrel
reached the limit of use. Furthermore, the defective pro-
duct rejection rate in the second example was 0.94%.
[0073] Furthermore, in the third example (carbide hard
chromium plating), after five hours from the start of use of
the mandrel, fluffing or deformation of the hollow acetate
tube frequently occurred, and the mandrel reached the
limit of use. At this time, any wear was not observed on
the surface of the mandrel. The defective product rejec-
tion rate in the second example was 0.86%.
[0074] Additionally, in the first comparative example
(existing mandrel manufactured by Hauni Maschinenbau
AG), after six hours from the start of use of the mandrel,
the tow clogging frequently occurred in the tongue unit
due to wear on the mandrel surface, and the mandrel
reached the use limit. The defective product rejection rate
in the first comparative example was 1.67%.
[0075] Furthermore, in the second comparative exam-
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ple (surface blasted mandrel), after 0.2 hours from the
start of use of the mandrel, fluffing or deformation of the
hollow acetate tube occurred frequently, the tow clogging
frequently occurred in the tongue unit, and the mandrel
reached the use limit. In the second comparative exam-
ple, the defective product rejection rate was from 20 to
30%. Specifically, in the second comparative example, a
large number of defective products were generated, and
only 70 to 80% of the manufactured hollow acetate tubes
20 could be manufactured as non-defective products.
[0076] As seen from Fig. 9, according to the first to third
examples, much better results can be obtained than in
the second comparative example in terms of the mandrel
use limit and the defective product rejection rate. Further-
more, according to the first example, better results can be
obtained than in the first comparative example in terms of
the mandrel use limit and the defective product rejection
rate. Furthermore, according to the second and third
examples, better results can be obtained than in the first
comparative example in terms of the defective product
rejection rate.
[0077] Next, the hollow acetate tube manufacturing
apparatus 30 using the mandrel 34 according to the first
example and the hollow acetate tube manufacturing
apparatus using the mandrel according to the first com-
parative example were each driven for six hours, and a
rejection rate for each rejection content of defective
products was verified.
[0078] Fig. 10 is a table showing experimental results
when the hollow acetate tube manufacturing apparatus
30 using the mandrel 34 according to the first example
and the hollow acetate tube manufacturing apparatus
using the mandrel according to the first comparative
example were each driven for six hours. Here, the me-
chanical speed of each hollow acetate tube manufactur-
ing apparatus, that is, the moving speed of the hollow
acetate tube, is 500 m/min, and various settings are on
the same conditions.
[0079] In Fig. 10, fluffing of an inner circle indicates the
defective product shown in Fig. 4A. Deformation of the
inner circle indicates the defective product shown in Fig.
4B. Roundness and wall thickness indicate the defective
product shown in Fig. 4C.
[0080] As shown in Fig. 10, in the first example (PEEK
fluorine composite coating), the defective product rejec-
tion rate due to the fluffing of the inner circle was 0%, the
defective product rejection rate due to the deformation of
the inner circle was 0.02%, and the defective product
rejection rate due to the roundness and wall thickness
was 0.09%. As a result, the defective product rejection
rate when driving the hollow acetate tube manufacturing
apparatus 30 using the mandrel 34 according to the first
example for six hours was 0.11 % in total.
[0081] Furthermore, in the first comparative example
(existing mandrel manufactured by Hauni Maschinenbau
AG), the defective product rejection rate due to the fluffing
of the inner circle was 0.01%, the defective product
rejection rate due to the deformation of the inner circle

was 0.16%, and the defective product rejection rate due
to the roundness and wall thickness was 0.19%. As a
result, the defective product rejection rate when driving
the hollow acetate tube manufacturing apparatus using
the mandrel according to the first comparative example
for six hours was 0.36% in total.
[0082] As seen from Fig. 10, in the first example, better
results can be obtained than in the first comparative
example in terms of each of rejection contents, and better
results can be obtained than in the first comparative
example in terms of the defective product rejection rate
obtained by summing the rejection rates for each rejec-
tion content.
[0083] As shown in Fig. 11, the inventors according to
the present disclosure have found that a large number of
bubbles 34C were formed inside a composite resin film as
a coating 34B of the mandrel 34 according to the first
example. The bubbles 34C are considered to contribute
to maintaining the surface unevenness of the mandrel
body 34A against wear due to contact with the pretreated
acetate tow 5. Specifically, since the bubbles 34C having
a certain volume are crushed, the wear on the coating
34B occurs discontinuously rather than continuously, so
that new unevenness is considered to appear. The bub-
bles 34C have a minimum delivery length of 5 µm or
more.
[0084] The composite resin film as the coating 34B of
the mandrel 34 according to the first example retains the
surface roughness Ra even after use of the mandrel 34.
Specifically, after driving the hollow acetate tube manu-
facturing apparatus 30 using the mandrel 34 according to
the first example for 10 hours, the surface roughness Ra
of the composite resin film as the coating 34B indicated a
range of 15 µm to 40 µm.
[0085] The results obtained according to the first ex-
ample were the endurance time until tow clogging being
about 50 hours, and the defective product rejection rate of
1.02% in 15 minutes evaluation. The results are desirable
values as compared to the second comparative example.
[0086] Through the three examples described above,
when driving the hollow acetate tube manufacturing ap-
paratus 30 using the mandrel 34 including the metal
mandrel body 34A having the surface coated with the
coating 34B to manufacture the hollow acetate tube 20,
an occurrence rate of nonconforming products deter-
mined to be molding defects and rejected by the inspec-
tion unit 8 in 15 minutes is in a range of 0.86% or more to
1.67% or less. However, as described above, this numer-
ical range is based on the evaluation by the inspection
unit 8 that optically inspects only the end of the hollow
acetate tube 20, and it is assumed that more noncon-
forming products are actually generated.
[0087] Furthermore, in comparison of the three exam-
ples with each other, the third example can largely reduce
the defective product rejection rate but lacks in durability.
On the other hand, the first example shows results that
significantly exceed the other two examples in durability.
[0088] Figs. 12A to 12C show evaluations of cross
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sections of coatings 34B according to the first to third
examples, respectively. Each cross section depends on
how to take a cut surface, but general tendency can be
known. Particularly, in the first example, large uneven-
ness is formed on the surface of the mandrel body 34A, to
which the above-described bubbles 34C are considered
to contribute.
[0089] Although embodiments of the present disclo-
sure have been described above, the present disclosure
is not limited to the above embodiments, and various
modifications are possible within the scope of the claims
and technical thoughts illustrated in the specification and
drawings. Note that any shape or material not directly
described in the specification and drawings is within the
scope of the technical thoughts of the present disclosure
if it produces action of the present disclosure.

REFERENCE SIGNS LIST

[0090]

1 acetate tow
4 liquid addition booth
5 pretreated acetate tow
6 hollow acetate tube
7 filter cutting part
8 inspection unit
11 pretension rollers
12 blooming rollers
13 stretch rollers
14 delivery roller
15 nip rolls
20 hollow acetate tube
21 first banding jet
22 second banding jet
23 third banding jet
26 trumpet guide
30 hollow acetate tube manufacturing apparatus
31 transport jet
32 tongue
33 thermoforming part
34 mandrel
34A mandrel body
34B coating
34C bubbles
35 mandrel holder
110 consumable material
111 smokeable material
112 first wrapping paper
113 second wrapping paper
114 tubular member
115 filter portion
116 hollow filter portion
117 lip release agent

Claims

1. A mandrel for use in a manufacturing apparatus for

manufacturing a hollow acetate tube to be applied to
a heating type tobacco product, the mandrel com-
prising:

a metal mandrel body, and
a composite resin film formed on the surface of
the mandrel body by melting a composite resin
including one or more resins selected from the
group consisting of a PEEK resin, a PEKK resin,
a PPS resin and a PES resin together with a
fluorine resin,
wherein the composite resin film includes bub-
bles inside the film.

2. The mandrel according to claim 1, wherein the com-
posite resin film has a thickness of 50 µm to 200 µm.

3. The mandrel according to claim 1 or 2, wherein the
bubbles have a minimum delivery length of 5 µm or
more.

4. The mandrel according to any one of claims 1 to 3,
wherein the composite resin film has a surface
roughness Ra of 15 µm to 40 µm.

5. The mandrel according to claim 4, wherein the com-
posite resin film exhibits the surface roughness Ra of
15 µm to 40 µm after being rubbed over 10 hours by
the hollow acetate tube moving at a speed of 200
m/min to 300 m/min by driving the manufacturing
apparatus.

6. A mandrel for use in a manufacturing apparatus for
manufacturing a hollow acetate tube to be applied to
a heating type tobacco product, the mandrel com-
prising:

a metal mandrel body, and
a carbide hard chromium plating film formed on
the surface of the mandrel body.

7. An apparatus for manufacturing a hollow acetate
tube, comprising the mandrel according to any one
of claims 1 to 6.

8. A method for manufacturing a hollow acetate tube to
be applied to a heating type tobacco product, the
method comprising:
rubbing the surface of a mandrel with fiber as a
material of the hollow acetate tube moving in a
manufacturing apparatus for manufacturing the hol-
low acetate tube, the mandrel for use in the manu-
facturing apparatus, comprising:

a metal mandrel body, and
a composite resin film formed on the surface of
the mandrel body by melting a composite resin
including one or more resins selected from the
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group consisting of a PEEK resin, a PEKK resin,
a PPS resin, and a PES resin together with a
fluorine resin,
wherein the composite resin film includes bub-
bles inside the film.

9. A method for manufacturing a hollow acetate tube to
be applied to a heating type tobacco product, the
method comprising:
rubbing the surface of a mandrel with fiber as a
material of the hollow acetate tube moving in a
manufacturing apparatus for manufacturing the hol-
low acetate tube, the mandrel for use in the manu-
facturing apparatus, comprising:

a metal mandrel body, and
a carbide hard chromium plating film formed on
the surface of the mandrel body.

10. A method for manufacturing a mandrel for use in a
manufacturing apparatus for manufacturing a hollow
acetate tube to be applied to a heating type tobacco
product, the method comprising:

blasting the surface of a metal mandrel body,
and
mixing, applying and melting one or more resins
selected from the group consisting of a PEEK
resin, a PEKK resin, a PPS resin and a PES
resin together with a fluorine resin to form a
composite resin film on the blasted surface.

11. A method for manufacturing a mandrel for use in a
manufacturing apparatus for manufacturing a hollow
acetate tube to be applied to a heating type tobacco
product, the method comprising:

blasting the surface of a metal mandrel body,
and
forming a carbide hard chromium plating film on
the blasted surface.
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