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& (57) Abstract: The invention is directed to an aluminum pipe product method comprising an extrusion step for obtaining an alu-
minum raw pipe (10) and a drawing step for executing a drawing process of the aluminum raw pipe (10). Before executing the
drawing step, a slug removing step for removing aluminum slugs (1) adhering to a surface of the aluminum raw pipe (10) is executed
by rubbing off the aluminum slugs (1). This can provide an aluminum pipe production method capable of preventing generation of

defect protrusions while improving the productivity.
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DESCRIPTION
ALUMINUM PIPE PRODUCTION METHOD
5 This application claims priority to Japanese Patent

Application No. 2004-325213 filed on November 9, 2004 and U.S.
Provisional Application S.N. 60/627,946 £iled on November 16, 2004,
the entire disclosures of which are incorporated herein by reference
in their entireties.

10

Cross Reference to Related Applications

This application is an application filed under 35 U.S.C.
§11l(a) claiming the benefit pursuant to 35 U.S.C. §119(e) (1) of
15 the filing date of U.S. Provisional Application S.N. 60/627,946

filed on November 16, 2004, pursuant to 35 U.S.C. §111(Db).

Technical Field

20 The present invention relates to a method for producing an
aluminum pipe to be used as a photosensitive drumfor copyingmachines
or electrophotographic devices such as laser beam printers or

facsimile devices, and its related technique.

25 In the specification and claims, the wordingof “aluminum(Al)”

is used to mean aluminum and its alloy.
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Background Art

The following description sets forth the inventor's knowledge
of related art and problems therein and should not be construed

as an admission of knowledge in the prior art.

As a photosensitive drum substrate for use in a
photoelectrographic device, a substrate in which a photosensitive
layer of, e.g., OPC (organic photoconductor) is formed on an external
peripheral surface of a cylindrical aluminum pipe has been used.
To attain excellent image quality, the photosensitive layer of the
photosensitive drum is required to be thin and uniform in thickness
with a high degree of accuracy, which in turn requires an aluminum

pipe as the base material to have a surface high in smoothness.

As an aluminum pipe for such photosensitive drum substrate,
an extruded aluminum pipe obtained by drawing an extruded aluminum
raw pipe (hereinafter referred to as “ED pipe”) has been popularly

used.

Such ED pipe may sometimes have defect protrusions caused by
aluminum slugs (Al slugs) which adhered to the surface of the pipe
during the extrusion process. Therefore, there is a report that
such ED pipe causes image defects due to the defect protrusions

when used as a photosensitive drum substrate as it is.



10

15

20

25

WO 2006/052002 PCT/JP2005/020993

In view of the problems, in cases where such ED pipe is used
as a photosensitive drum substrate, to prevent generation of defect
protrusions, the external peripheral surface is popularly subjected
to cuttingwork toobtainamirror finished surface to thereby enhance

the surface smoothness.

However, surface modification processing such as cutting work
is insufficient, resulting in deteriorated productivity and

increased production cost.

Under circumstances, there are many proposals regarding
technique for employing a non-machined ED pipe as a photosensitive

drum substrate.

For example, Japanese Unexamined Laid-open Patent Publication
No. H08-82939 (hereinafter referred to as "Patent Document 1")
proposes a method for producing an aluminum pipe in which a surface
of an ED pipe is wiped (polished) with a clean cloth, etc., after

the drawing processing.

Japanese Unexamined Laid-open Patent Publication No.
2004-9227 (hereinafter referred to as "Patent Document 2" ) proposes
a method for producing an aluminum pipe in which a surface of an

EDpipe ispolishedwithpolishingagent after the drawingprocessing.
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Furthermore, Japanese Unexamined Laid-open Patent
Publication No. H05-313394 (hereinafter referred to as “"Patent
Document 3") proposes a method for producing an aluminum pipe in
which a certain thickness of an external peripheral surface of an
extruded aluminum raw pipe is removed by cutting, etching, blasting,

polishing, etc., before the drawing processing.

In the method for producing an aluminum pipe as disclosed by
Patent Documents 1 and 2 in which a surface of an aluminum pipe
issubjected topolishingor the like toimprove the surface smoothness
after the drawing processing, this method performs a surface
modification like the method employing a cutting work. Therefore,
the method is not only inefficient and but also hard to fundamentally
solve problems such as deteriorated productivity and increased

producing cost.

On the other hand, in the method for producing an aluminum
pipe as disclosed by Patent Document 3, since a surface of an aluminum
pipe is removed evenly before the drawing processing, there is a
possibility that the removed slugs (aluminum slugs) re-adheres to
the surface of the aluminum raw pipe to cause defect protrusions
due to the removed slugs after the drawing processing, resulting
in image defects by the defect protrusions. Thus, it was difficult
to attain high quality. Furthermore, in this method, since the
surface of the aluminum raw pipe is removed by a certain thickness,

the surface removing causes a decreased diameter. As a result, it
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becomes difficult to control the pipe diameter, which in turn may
cause deterioration of the quality due to the deteriorated

dimensional accuracy.

The description herein of advantages and disadvantages of
various features, embodiments, methods, and apparatus disclosed
in other publications is in no way intended to limit the present
invention. Indeed, certain features of the inventionmay be capable
of overcoming certain disadvantages, while still retaining some
or all of the features, embodiments, methods, and apparatus disclosed

therein.

Other objects and advantages of the present invention will

be apparent from the following preferred embodiments.

Disclosure of Invention

The preferred embodiments of the present invention have been
developed in view of the above-mentioned and/or other problems in
the related art. The preferred embodiments of the present invention

can significantly improve upon existing methods and/or apparatuses.

The present invention was made to solve the aforementioned
problems of conventional technique, and aims to provide a method
for producing an aluminum pipe capable of assuredly preventing

defects such as generation of defect protrusions to improve the
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quality while attaining improved productivity and reduced cost.

In order to solve the aforementioned problems of the
conventional technique, the present inventors conducted detail
investigation about the structure of the fault protrusion, mechanism
of generation of the fault protrusion, etc., in producing a
photosensitive drum using an ED pipe. The investigation revealed
the following facts. As shown in Fig. 11A, in many cases, aluminum
slugs 1 generated during the extrusion process of the aluminum raw
pipe 10 adhere to the surface of the aluminum raw pipe 10. If this
aluminum raw pipe 10 with such aluminum slugs 1 is subjected to
a drawing process to form an aluminum tube 11, the aluminum slug
1 is also drawn as shown in Fig. 11B. This extended piece 2 of the
aluminum slug 1 is very thin, e.g., 2pm or less in thickness and
adheres to the surface of the aluminum pipe 11 in a laminated manner.
If this adhered aluminum slug extended piece 2 is raised by external
influences such as ultrasonic waves as shown in Fig. 11C, the raised
piece constitutes a harmful defect protrusion 3. For example, such
defect protrusion 3 causes a leak at the time of forming a

photosensitive layer, resulting in defects such as image defects.

The inventors’ continuous detail investigation also revealed
the following facts. The aluminum slug extended piece 2 drawn by
a drawing process has a lepidic shape similar to an oval shape or
an elliptical shape. Among these extended pieces 2, even if aminute

extended piece with a small area is raised by external influences,
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it merely becomes a harmless minute protrusion, causing no image
defect. However, if an extended piece with a large area is raised,
it becomes a harmful defect protrusion 3, causing defects such as

image defects.

Basedon theabove investigationresults, thepresent inventors
have repeatedly conducted careful studies and experiments, and found
a structure capable of attaining the aforementioned objects to

complete the invention.

To attain the aforementioned objects, the present invention

has the following structures.

[1] An aluminum pipe production method comprising an
extrusion step for obtaining an aluminum raw pipe and a drawing
step for executing a drawing process of the aluminum raw pipe,
characterized in that

before executing the drawing step, a slug removing step for
removing aluminum slugs adhering to a surface of the aluminum raw

pipe by rubbing off the aluminum slugs is executed.

[2] The aluminum pipe production method as recited in the
aforementioned Item 1, wherein the aluminum slugs are removed by
rubbing a soft rubbing member against the surface of the aluminum

raw pipe.
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[3] The aluminum pipe production method as recited in the
aforementioned Item 2, wherein the rubbing member comprises at least
one element selected £rom the group consisting of a brush, a sponge,

an ultra fine fiber fabric, and an ultra fine fiber non-woven fabric.

[4] The aluminum pipe production method as recited in the
aforementioned Item 2 or 3, wherein the rubbing member is a brush

with a bristle diameter of 50 to 1lum.

[5] The aluminum pipe production method as recited in the
aforementioned Item 4, wherein a bristle length of the brush is

adjusted to 20 to 100 mm.

[6] The aluminum pipe production method as recited in the
aforementioned Item 4 or 5,

further comprising a step for preparing a rubbing roller in
which the rubbing member is wound around a central axle,

wherein an external surface of the rubbing roller rubs the

surface of the aluminum raw pipe while rotating the rubbing roller.

[7] The aluminum pipe production method as recited in the
aforementioned Item 6, wherein the rubbing roller is set to 50 to
240 mm in roller external diameter, and wherein a rotation speed

of the rubbing roller is set to 1,000 to 3,000 rpm.

[8] The aluminum pipe production method as recited in the
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aforementioned Item 6 or 7, wherein at the time of removing the
aluminum slugs with the rubbing roller, the rotating rubbing roller
ismovedrelative to the aluminum rawpipe along an external periphery
of the aluminum raw tube while rubbing the aluminum raw pipe with

the rotating rubbing roller.

[9] The aluminum pipe production method as recited in the
aforementioned Item 2 or 3, wherein the rubbing member comprises
at least one element selected from the group consisting of an ultra
fine fiber woven fabric with a fiber diameter of 50 to lpm and an
ultra fine fiber non-woven fabric with a fiber diameter of 50 to

lpm.

[10] The aluminum pipe production method as recited in the
aforementioned Item 9, further comprising a step for preparing a
rubbing tape in which the rubbing member is formed into a band shape
or a tape shape,

wherein the rubbing tape rubs the surface of the aluminum raw
pipe while driving the rubbing tape in a direction perpendicular

to a longitudinal direction of the aluminum raw pipe.

[11] The aluminum pipe production method as recited in the
aforementioned Item 10, wherein the driving speed of the rubbing
tape is set to 5 to 25 cm/min., and a contact pressure of the rubbing

tape against the aluminum raw pipe is set to 5 to 30 g/cmz.
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[12] The aluminum pipe production method as recited in any
one of the aforementioned Items 1 to 11, wherein at the slug removing
step, aluminum slugs which will have an area of 0.03 mm® after the

drawing step are removed.

[13] The aluminum pipe production method as recited in any
one of the aforementioned Items 1 to 12, wherein before executing
the slug removing step, a cutting step for cutting the aluminum

raw pipe into a predetermined length is executed.

[14] An aluminum pipe obtained by the method as recited in

any one of the aforementioned Items 1 to 13.

[15] An aluminum pipe obtained by the method as recited in
any one of the aforementioned Items 1 to 13, wherein an area of
the aluminum slug adhering to the surface of the aluminum pipe is

regulated to 0.03 mm®* or less.

[16] A photosensitive drum substrate using the aluminum pipe

as recited in the aforementioned Item 14 or 15.
[17] A photosensitive drum, characterized in that a
photosensitive layer is formed on a surface of the photosensitive

drum substrate as recited in the aforementioned Item 16.

[18] A photosensitive drum production method, comprising:
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a step for obtaining an aluminum pipe by the method as recited
in any one of the aforementioned Items 1 to 13; and
a step for forming a photosensitive layer on a surface of the

aluminum pipe.

[19] An aluminum slug removing method for removing aluminum
slugs from a surface of an aluminum raw pipe obtained by an extrusion
step, characterized in that before subjecting the aluminum raw pipe
to a drawing step, the aluminum slugs adhering to the surface of

the aluminum raw pipe is removed by rubbing the surface.

[20] An aluminum slug removing device for removing aluminum
slugs adhering a surface of an aluminum raw pipe obtained by an
extrusion step before subjecting to the aluminumraw pipe to a drawing
step, characterized in that the aluminum slugs are rubbed off by
rubbing the surface of the aluminum raw pipe with a soft rubbing

member.

[21] An aluminum slug removing rubbing member for rubbing
off aluminum slugs adhering to a surface of an aluminum raw pipe
obtained by an extrusion step before subjecting the aluminum raw
pipe to a drawing step, characterized in that the rubbing member
comprises at least one element selected from the group consisting
of a brush, a sponge, an ultra fine fiber fabric, and a ultra fine

fiber non-woven fabric.
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[22] A drawing aluminum raw pipe to be subjected to a drawing
step, characterized in that the aluminum raw pipe is obtained by
an extrusion step and aluminum slugs adhering to a surface of the

aluminum raw pipe is removed by being rubbed.

Effects of the Invention

According to the invention as recited in the aforementioned
Item[1l], in the slug removing step, aluminum slugs which will become
defect protrusions after a drawing step can be rubbed off, which
make it possible to produce ahigh quality aluminumpipe withharmless
defect protrusions. Furthermore, since the aluminum slugs adhering
to the surface of the aluminum raw pipe are rubbed off, it is not
required to execute conventional inefficient processing such as,
e.g., processing for modifying the entire surface of the aluminum
raw pipe by cutting, polishing, etc., resulting in efficient
productivity and reduced production cost. Furthermore, as compared
with a method for removing a certain thickness of an entire surface
area of an aluminum raw pipe, in the invention, aluminum slugs are
removed. Therefore, the method of the invention causes no diameter
change and the dimensional control can be performedeasily, resulting

in further enhanced quality.

According to the invention as recited in the aforementioned
Items [2] to [11], aluminum slugs adhering to the surface of the

aluminum raw pipe can be removed more assuredly.
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According to the invention as recited in the aforementioned
Item [12], it is possible to prevent generation of harmful defect

protrusion more assuredly.

According to the invention as recited in the aforementioned

Item [13], a desired aluminum pipe can be produced more efficiently.

According to the aluminum pipe of the invention as recited
in the aforementioned Items [14] and [15], in the same manner as
mentioned above, the aluminum pipe can be produced efficiently and

easily, resulting in reduced production cost and high gquality.

chording tothephotosensitivedrumsubstrate of theinvention
as recited in the aforementioned Item [16], in the same manner as
mentioned above, the photosensitive drum substrate can be produced
efficiently and easily, resulting in reduced production cost and

high quality.

According to the photosensitive drum of the invention as
recited in the aforementioned Item [17], in the same manner as
mentioned above, the photosensitive drumcan be producedefficiently

and easily, resulting in reduced production cost and high quality.

According to the production method of the invention as recited

in the aforementioned Item [18], in the same manner as mentioned
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above, ahigh quality photosensitive drumcanbe producedefficiently

and easily and the production cost can be reduced.

According to the invention as recited in the aforementioned
Items [19] and [20], in the same manner as mentioned above, a high
quality aluminum pipe can be produced efficiently and easily and

the production cost can be reduced.

Using the rubbing member according to the invention as recited
in the aforementioned Item [21] enables efficient production of
high quality aluminum pipe and cost reduction in the same manner

as mentioned above.

Using the aluminum raw pipe according to the invention as
recited in the aforementioned Item [22] enables efficient production
of high quality aluminum pipe and cost reduction in the same manner

as mentioned above.

The above and/or other aspects, features and/or advantages
of various embodiments will be further appreciated in view of the
following description in conjunction with the accompanying figures.
Various embodiments can include and/or exclude different aspects,
features and/or advantages where applicable. In addition,
various embodiments can combine one or more aspect or feature of
other embodiments where applicable. The descriptions of aspects,

features and/or advantages of particular embodiments should not
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be construed as limiting other embodiments or the claims.

Brief Description of Drawings

The preferred embodiments of the present invention are shown
by way of example, and not limitation, in the accompanying figures,

in which:

Fig. 1 shows steps of an aluminum pipe production method

according to an embodiment of the present invention;

Fig. 2isaschematicsideviewshowinganaluminumslug removing
device applied to a production method of an embodiment of the present

invention;

Fig. 3 is a schematic front cross-sectional view showing an
aluminum slug removing device of the embodiment of the present

invention;

Fig. 4 is a front cross-sectional view showing a rubbing roller
applied to a production method of the embodiment of the present

invention;

Fig. 5 is a schematic front cross-sectional view showing an
aluminum slug removing device of amodified embodiment of the present

invention;
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Fig. 6 is a graph showing the relationship between an area
of an aluminum slug extended piece of the aluminum pipe of Example

1 according to the invention and the distribution frequency thereof;

Fig. 7 is a graph showing the relationship between an area
of an aluminum slug extended piece of the aluminum pipe of Example

2 according to the invention and the distribution frequency thereof;

Fig. 8 is a graph showing the relationship between an area
of an aluminum slug extended piece of the aluminum pipe of Example

3 according to the invention and the distribution frequency thereof;

Fig. 9 is a graph showing the relationship between an area
of an aluminum slug extended piece of the aluminum pipe of Example

4 according to the invention and the distribution frequency thereof;

Fig. 10 is a graph showing the relationship between an area
of an aluminum slug extended piece of the aluminumpipe of Comparative
Example falling outside of the scope of the invention and the

distribution frequency thereof; and

Figs. 11A to 11C are schematic views showing generation
mechanism of defect protrusions in an aluminum pipe for a

photosensitive drum substrate.
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Best Mode for Carxying Out the Invention

In the following paragraphs, some preferred embodiments of
the invention will be described by way of example and not limitation.
It should be understood based on this disclosure that various other
modifications can be made by those in the art based on these

illustrated embodiments.

Fig. 1 shows production steps of an aluminum pipe for a
photosensitive drum substrate according to an embodiment of the
present invention. As shown in Fig. 1, the production method of
this embodiment includes an extruding step, a cutting step, a slug

removing step and a drawing step as fundamental structural elements.

At the extruding step, an aluminum (including its aluminum
alloy) extruding material (ingot) is subjected to a hot extrusion
to thereby form a cylindrical long aluminum raw pipe with a diameter

of about 10 to 300 mm.

As such aluminum extruding material, from a viewpoint of
corrosion resistance, workability, and mechanical strength, JIS
1000, 3000, 5000 or 6000 series aluminum alloy can be preferably

used.

On the surface of the aluminum raw pipe obtained through an

extrusion step, there are numerous aluminum slugs adhering to the
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surface.

The aluminum raw pipe is cut into a predetermined length at
the cutting step. The length is not specifically limited, but the

preferable length is about 200 to 6,000 mm.

Thereafter, at the slug removing step, the aluminum slugs
adhering to the surface of the aluminumrawpipe havingapredetermined

length are removed.

At this slug removing step, a slug removing device as shown,
for example, in Figs. 2 and 3 are used to remove the aluminum slugs.
This device is equipped with a delivering mechanism for delivering
the cut aluminum raw pipe 10 in its longitudinal direction, and
two rubbing rollers 20 and 20 positioned around the external

peripheral surface of the aluminum raw pipe 10 to be delivered.

This rubbing roller 20 is provided with a spindle 21 and a
brush 25 attached to the external peripheral surface of the spindle

21.

In this embodiment, the brush 25 with bristles of nylon fibers,
polyester £ibers, polyurethane fibers, or cottons can be preferably
used. Among other things, a brush with nylon bristles (e.g.,
"Multi-nylon (trademark)” provided by Showa Kogyo Kabushiki Kaisha)

can be preferably used.
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It is preferable that the bristle diameter is 50 to lpm, more
preferably 40um or less, still more preferably 30pm less. 1In cases
where the bristle diameter is too large, when the brush 25 rubs
the surface of the aluminum raw pipe 10, aluminum slugs are crushed
and strongly adhere to the surface of the aluminum raw pipe 10,
which in turn makes it difficult to assuredly rub off the slugs.
To the contrary, in cases where the bristle diameter is too small,
the bristle rigidity becomes insufficient, resulting in a failure

of rubbing off the aluminum slugs.

Too long or too short bristle length also makes it difficult
toassuredlyruboff thealuminumslugs. Concretely, itispreferable
that the bristle length is 20 to 100 mm, more preferably 30 to 80

mm, still more preferably 35 to 70 mm.

The brush 25 of the aforementioned structure is wound around
the external peripheral surface of the spindle 21 with the bristle

tip facing outwardly to thereby form a rubbing roller 20.

The aforementioned two rubbing rollers 20 and 20 are arranged
at the opposite sides of the aluminum raw pipe 10 with their axes

parallel to the axis of the aluminum raw pipe 10.

The rubbing roller 20 is configured so as to rotate about the

spindle 21 and come in contact with and come free from the aluminum
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raw pipe 10. When the rubbing roller 20 is rotated in contact with
the aluminum raw pipe 10, the bristles of the rubbing roller 20

rub the surface of the aluminum raw pipe 20.

Furthermore, the rubbing roller 20 is configured so as to move
relative to the aluminum raw pipe 10 in the peripheral direction
of the pipe 10 along the external peripheral surface of the raw
pipe 10 when the aluminum raw pipe 10 rotates about its axis.
Accordingly, for example, the bristles of the rubbing roller 20
can rub the entire region of the external peripheral surface of
the aluminum raw pipe 10 by moving the rubbing rollers 20 and 20
relatively around the aluminum raw pipe 10 in the circumferential
direction of the pipe while rotating the rubbing rollers 20 and
delivering the aluminum raw pipe 10 in the longitudinal direction

thereof.

The aluminum raw pipe 10 and the rubbing roller 20 can be rotated
in any direction respectively, and the rotation direction of the
aluminum raw pipe 10 with respect to the rubbing roller 20 can be
the same direction as the rotation direction of the rubbing roller

20 or the opposite direction.

By rubbing the surface of the aluminum raw pip 10 with the
rubbing rollers 20 and 20, desired aluminum slugs which adhered
to the surface of the aluminum raw pipe 10 at the extruding step

can be rubbed off assuredly.
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In this embodiment, the external diameter of the rubbingrollerxr
20 is preferably adjusted to 50 to 240 mm, more preferably 90 to
200 mm. The rotation speed of the rubbing roller 20 is preferably
adijusted to 1,000 to 3,000 rpm, more preferably 1,500 to 2,500 rpm.
The bristle contact length of the rubbing roller 20 which comes
into contactwith the surface of the aluminumrawpipe 10 is preferably
adjusted to 1 to 5 mm, more preferably 2 to 3 mm. By adjusting the
aforementioned values asmentioned above, the aluminum slug adhering
to the surface of the aluminum raw pipe 10 can be assuredly rubbed

off.

As arubbingmember, althoughabrushisusedin thisembodiment,
the present invention is not limited to it. For example, any soft
rubbing member made of, e.g., ultra fine fiber woven fabric (wiping
cloth), polyurethane sponge, or ultra fine fiber non-woven fabric

(wiper) can be used.

As the wiping cloth, it is preferable to use a wiping cloth
comprising a core material of nylon and a peripheral material of
polyester (e.g., "Berima"”(trademark) provided by Kanebo Gohsen,

Ltd.)

As the wiper, it is preferable to use a non-woven fabric made
of cupra fibers (e.g., "Benrize”(trademark) or

"Benkotto” (trademark) provided by Asahi Kasei Fibers Corporation).
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In the woven fabric and non-woven fabric used as the rubbing
member, in the same manner as in the brush 25, it is preferable
that the fiber diameter is 50 to 1lum, more preferably 40um or less,
still more preferably 30pmor less. Since afabric with short fibers
may drop to adversely affect on the surface of the aluminum pipe,

a fabric with longer fibers is preferably used.

In cases where the aforementioned woven fabric or non-woven
fabric is used as the rubbing member, a rubbing tape obtained by
forming the fabric into a tape-shape or abelt-shape can be preferably

used.

For example, as shown in Fig. 5, the rubbing tape 30 can be
delivered in adirectionperpendicular to the longitudinal direction
(delivering direction) of the aluminum raw pipe 10 so that the tape

can rub the surface of the aluminum raw pipe 10.

It is preferable to use a rubbing tape 30 having a width of
100 to 50 mm, preferably 150 to 450 mm. If the width is too small,
it is difficult to rub the entire area of the external surface of
the aluminum raw pipe 10, which in turnmakes it difficult toassuredly
remove the aluminum slugs on the aluminum raw pipe 10. On the other
hand, if the tape width is too wide, it becomes difficult to bring
the entire widthwise area of the tap 30 into contact with the surface

of the aluminum raw pipe 10 with even pressure, which in turn also
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makes it difficult to assuredly remove the aluminum slugs on the

aluminum raw pipe 10.

Furthermore, the longitudinal contact length L of the rubbing
tape 30 in contact with the aluminum raw material 10, or the contact
length L of the aluminum raw pipe 10 in the circumferential direction
in contact with the rubbing tap 30, is preferably 3 to 30 mm, more
preferably 5 to 25 mm. If this length L is too short or too long,
it becomes difficult to control the contact pressure of the rubbing
tape 30 against the aluminum raw pipe 10, which may make it difficult

to remove aluminum slugs efficiently.

The delivering speed of the rubbing tape 30 is preferably
adjusted to 3 to 30 cm/min., more preferably 5 to 20 cm/min. TIf
the speed does not fall within the range, it may become difficult

to assuredly remove aluminum slugs.

The contact pressure of the rubbing tape 30 against the aluminum
raw pipe 10 is preferably adjusted to 5 to 30 g/cmz, more preferably
7 to 18 g/cmz. If the contact pressure is too small, alumihum slugs
cannot beremovedassuredly. Tothecontrary, if thecontactpressure
is too large, the surface of the aluminum raw pipe 10 may be damaged

due to the excessive pressure.

The rotation direction of the aluminum raw pipe 10 can be any

direction regardless of the delivering direction of the rubbing
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tap 30.

As shown in Fig. 1, after completion of the slug removing step,
the aluminum raw pipe 10 is subjected to a cold drawing at the drawing
step, to thereby obtain an aluminum pipe for a photosensitive drum

substrate.

The drawing process is performed at a single step oxr two steps,
and the area reduction rate is adjusted to 10% or more. The drawing
speed is not specifically limited, but is preferably adjusted to

5 to 50 m/min.

The aluminum pipe for a photosensitive drum substrate obtained
as mentioned above has a surface from which aluminum slugs (aluminum

slug extended pieces) constituting defect protrusions were removed.

In detail, aluminum slugs which adhered on the aluminum raw
pipe at the time of the extrusion process are extended during the
drawing process into thin lepidic aluminum slug extended pieces.
In this embodiment, however, aluminum slugs are removed at the
aluminum slug removing step such that no extruded slug having a
large area remain. Concretely, relatively large aluminum slugs are
removed at the aluminum slug removing step such that only extended
slugs having an area (converted into ellipse similarity area) of
0.03 mm? or less, preferably 0.025 mm® or less, more preferably 0.02

mm? or less remain. In other words, relatively large aluminum slugs
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are removed at the aluminum slug removing step such that extended
slugs having an area (converted into ellipse similarity area) of
0.03 mm® or above, preferably 0.025 mm®> or above, more preferably

0.02 mm? or above do not remain.

That is to say, relatively large aluminum slugs are removed
at the slug removing step such that only aluminum slug extended
pieces with a length (major axis) of less than 200pm and/or only
aluminum slug extended pieces with a width (minor axis) of less
than 100pm, preferably only aluminum slug extended pieces with a
length (major axis) of less than 180pm and/or only aluminum slug
extended pieces with a width (minor axis) of less than 80pm, remains
among aluminum slug extended pieces. In other words, relatively
large aluminum slugs are removed at the slug removing step so that
aluminum slug extended pieces with a length of 200um or more and/or
a width of 100am or more, more preferably a length of 180um or more

and/or a width of 80pm or more, do not exist.

As will be apparent from the above, in this embodiment, since
aluminum slug extended pieces with a small area (size) remain on
the surface of the aluminum pipe, even if the extended pieces are
raiseddue toexternal influences, theydonotactas largeprotrusions
causingdefects. Accordingly, when aphotosensitive layer is formed
on the surface of the aluminum pipe, no image defect due to leaks,
etc. occurs, resulting in high gquality. That is, the obtained

aluminum pipe for a photosensitive drum substrate is to be cut into
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a predetermined length, and if needed, subjected to a predetermined
end face finishing process, to produce a photosensitive drum

substrate of high quality.

In this embodiment, when aluminum slugs are rubbed off, some
of thealuminumslugs thermally adheringto the surface of the aluminum
raw pipe 10 may remain. However, such thermally adhering portion
securely adheres to the surface of the raw pipe 10 and the size
is very small. Therefore, the remained thermally adhering portion
would never rise at the subsequent steps and therefore they do not

act as defect protrusions.

According to the production method of this embodiment, before
the drawing step, aluminum slugs adhering to the surface of the
aluminum raw pipe 10 are merely dropped off (rubbed off) with a
rubbing rollers 20. Therefore, like in a conventional method, it
is not required to execute an inefficient process, e.g., process
for modifying the entire surface by cutting, polishing, etc., after
adrawingprocess. Thus, theproductioncanbeperformedefficiently

and simply, thereby enabling reduction of production cost.

Furthermore, according to the embodiment, since aluminumslugs
on the surface of the aluminum raw pipe are merely dropped off with
rubbing rollers 20, it is not required to execute surface removing
processing for removing the surface of the aluminum raw pipe evenly

asrequiredinaconventionalmethod. Thus, nodiameterchangeoccurs,
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the dimensional control can be performed easily, and high quality
can be attained. Furthermore, in the embodiment, since the entire
surface portion is not removed, it can be possible to assuredly
prevent defects that aluminum slugs generated during the surface
removing processing will re-adhere to the surface of the aluminum

raw pipe to cause defect protrusions, resulting in high quality.

[EXAMPLE]
Hereinafter, examples related to the invention will be

explained.

<Example 1>

An aluminum raw pipe with an external diameter of 32 mm formed
by a hot extrusion was cut into a length of 2,500 mm. Thereafter,
at a slug removing step, aluminum slugs adhering to the surface

of the aluminum raw pipe were removed.

At this slug removing step, in the same manner as shown in
Fig. 4, a rubbing roller 20 similar to the rubbing roller employed
in the aforementioned embodiment in which a brush 25 was wounded

on the external peripheral surface of the spindle 21 was used.

As the brush 25, a brush having bristles made by Showa Kogyo
Kabushiki Kaisha "Multi nylon” (trademark) with a bristle length

of 50 mm, a bristle diameter of 25pm was used.
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The spindle 21 was 30 mm in external diameter, and the entire

diameter of the roller 20 was 130 mm.

Two rubbing rollers 20 mentioned above were prepared. Using
a device similar to the device shown in Figs. 2 and 3, aluminum
slugs adhering to the external circumferential surface of the
aluminum raw pipe 10 were dropped off with the brush 25 to thereby
be removed in a state in which the rotating rubbing rollers 20 were
brought into contact with the aluminum raw pipe 10 delivering in
its axial direction and relatively moved in the circumferential
direction around the aluminum raw pipe 10 in accordance with the
rotation of the aluminum raw pipe 10. The rotation speed of the
rubbing roller 20 was set to 2,000 rpm and the bristle contact length

of the brush 25 was set to 2 to 3 mm.

The aluminum raw pipe from which aluminum slugs were removed
was subjected to a cold drawing process at the drawing step to produce
an aluminum pipe for a photosensitive drum substrate. This drawing
process was executed at two stages, and the area reduction rate
was adjusted to 64%. The drawing speed was adjusted to 22 to 25

m/min.

The surface of the aluminum pipe obtained as mentioned above
was observed with a 1light microscope. An area of an aluminum slug
extended piece (Al slug extended piece) formed by being extended

was calculated as an ellipse similarity area. The area (size) of



10

15

20

25

WO 2006/052002 29 PCT/JP2005/020993

the extended piece and the distribution frequency (the number of
pieces) per each area were measured. The results are shown by the
graph in Fig. 6. In this graph, the line graph was created based
on the actual measurements, and the bar graph was created based
on the distribution frequencyevery 0.01 mm?. InFig. 6, thevertical
heavy line denotes an average of the aluminum slug extended area

(same as in the graphs shown in Figs. 7 to 10).

<Example 2>
At the slug removing step, as shown in Fig. 5, using a rubbing
tape of a wiping cloth ("Berima" (trademark) provided by Kanebo

Gohsen, Ltd.), aluminum slugs were removed.

The width of the rubbing tape was 300 mm, the delivering speed
of the rubbing tape was 10 cm/min., the contact length of the rubbing
tape with respect to the raw pipe was 10 mm, the contact pressure

was 10 g/cm®.

Other than the above, inthe same manner as in the aforementioned
Example 1, an aluminum pipe for a photosensitive drum substrate
was produced. Then, the area of aluminum slug extended piece and

the distribution frequency were measured (Fig. 7).

<Example 3>
An aluminum pipe for a photosensitive drum substrate was

produced, and the area of aluminum slug extended piece and the
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distribution frequency were measured (Fig. 8) in the same manner
as in Example 1, except that a rubbing roller in which 50 mm thick
polyurethane sponge was wounded around the external periphery of

a spindle of 30 mm external diameter was used.

{Example 4>

An aluminum pipe for a photosensitive drum substrate was
produced, and the area of aluminum slug extended piece and the
distribution frequency were measured (Fig. 9) in the same manner
as in Example 2, except that a rubbing tape made of a cupra fiber
non-woven fabric (“"Benkotto” (trademark) provided by Asahi Kasei

Fibers Corporation) was used.

<Comparative Example)

An aluminum pipe for a photosensitive drum substrate was
produced by subjecting an aluminum raw pipe obtained by an extrusion
process to a drawing process without executing any surface treatment.
And, the area of aluminum slug extended piece and the distribution
frequency were measured (Fig. 10) in the same manner as mentioned

above.

<Evaluation)

Regarding the aforementioned Examples and Comparative Example,
the maximum area, the minimum area, the average area, and the standard
deviation of the aluminum slug extended pieces were measured. The

results are shown in the following Table 1.
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Comparative
Example 1 Example 2 Example 3 Example 4 Example
(Brush) (Woven (Sponge) (Non-woven (without removing
fabric) fabric)
slugs)
Minimum
(mm?) 0.005 0.001 0.003 0.002 0.004
Maximum
(mm?) 0.020 0.010 0.019 0.021 0.071
?n‘ﬁ:??e 0.0106 | 0.0038 0.0071 0.0094 0.0248
Standard
deviation 0.0044 0.0029 0.0050 0.0055 0.0204
(mm?)

As will be apparent from the above Table 1 and each graph,
in the Comparative Example falling outside of the scope of the
invention, the aluminum slug extended pieces adhering to the surface
include small pieces to large pieces. Accordingly, it is considered
that if the large pieces among these pieces are raised due to external
causing defects such as

forces, they act as defect protrusions,

image defects.

On the other hand, in the aluminum pipes according to Examples
related to the invention, no large aluminum slug extended piece
remained, and only small aluminum slug extended pieces remained.
These small aluminum slug extended pieces adhered to the surface
of the aluminum pipe securely and did not cause defects such as
rising. Even if suchsmall aluminumslugextendedpieces are raised,
they do not act as harmful defect protrusions since they are
sufficiently small.

This effectivelyprevents defects such as image

defects.
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Among aluminum slug extended pieces on the surface of the
aluminum pipe, larger pieces act as harmful defect protrusions,
and smaller pieces does not act as harmful defect protrusions as

already explained.

Industrial Applicability

The aluminum pipe production method of this invention can be
preferably used in producing an aluminum pipe to be used as a
photosensitive drum for copying machines or electrophotographic

devices such as laser beam printers or facsimile devices.

While the present invention may be embodied in many different
forms, a number of illustrative embodiments are described herein
with the understanding that the present disclosure is tobe considered
as providing examples of the principles of the invention and such
examples are not intended to limit the invention to preferred

embodiments described herein and/or illustrated herein.

While illustrative embodiments of the invention have been
described herein, the present invention is not limited to the various
preferred embodiments described herein, but includes any and all
embodiments having equivalent elements, modifications, omissions,
combinations (e.g., of aspects across various embodiments),

adaptations and/or alterations as would be appreciated by those
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in the art based on the present disclosure. The limitations in the
claims are to be interpreted broadly based on the language employed
in the claims and not limited to examples described in the present
specification or during the prosecution of the application, which
examples are to be construed as non-exclusive. For example, in the
present disclosure, the term "preferably” is non-exclusive and means
"preferably, but not limited to." In this disclosure and during
the prosecution of this application, means-plus-function or
step-plus-function limitations will only be employed where for a
specificclaimlimitationall of the followingconditions are present
in that limitation: a) "means for" or "step for" is expressly recited;
b) a corresponding function is expressly recited; and c) structure,
material or acts that support that structure are not recited. 1In
this disclosure and during the prosecution of this application,
the terminology “present invention” or “invention” may be used as
a reference to one or more aspect within the present disclosure.
The language present invention or invention should not be improperly
interpreted as an identification of criticality, should not be
improperly interpreted as applying across all aspects or embodiments
(i.e., it should be understood that the present invention has a
number of aspects and embodiments), and should not be improperly
interpreted as limiting the scope of the application or claims.
In this disclosure and during the prosecution of this application,
the terminology “"embodiment” can be used to describe any aspect,
feature, process or step, any combination thereof, and/or any portion

thereof, etc. In some examples, various embodiments may include
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overlapping features. Inthisdisclosureandduringthe prosecution
of this case, the following abbreviated terminology may be employed:

“e.g.” which means “for example;” and "NB” which means "note well.”
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CLAIMS

1. Analuminumpipe productionmethod comprisinganextrusion
step for obtaining an aluminum raw pipe and a drawing step for
executing a drawing process of the aluminum raw pipe, characterized
in that

before executing the drawing step, a slug removing step for
removing aluminum slugs adhering to a surface of the aluminum raw

pipe by rubbing off the aluminum slugs is executed.

2. The aluminum pipe production method as recited in claim
1, wherein the aluminum slugs are removed by rubbing a soft rubbing

member against the surface of the aluminum raw pipe.

3. The aluminum pipe production method as recited in claim
2, wherein the rubbing member comprises at least one element selected
from the group consisting of a brush, a sponge, an ultra fine fiber

fabric, and an ultra fine fiber non-woven fabric.

4. The aluminum pipe production method as recited in claim
2 or 3, wherein the rubbing member is a brush with a bristle diameter

of 50 to 1 pm.

5. The aluminum pipe production method as recited in claim
4, wherein a bristle length of the brush is adjusted to 20 to 100

mm.
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6. The aluminum pipe production method as recited in claim
4 or 5,

further comprising a step for preparing a rubbing roller in
which the rubbing member is wound around a central axle,

wherein an external surface of the rubbing roller rubs the

surface of the aluminum raw pipe while rotating the rubbing roller.

7. The aluminum pipe production method as recited in claim
6, wherein the rubbing roller is set to 50 to 240 mm in roller external
diameter, and wherein a rotation speed of the rubbing roller is

set to 1,000 to 3,000 rpm.

8. The aluminum pipe production method as recited in claim
6 or 7, wherein at the time of removing the aluminum slugs with
the rubbing roller, the rotating rubbing roller is moved relative
to the aluminum raw pipe along an external periphery of the aluminum
raw tube while rubbing the aluminum raw pipe with the rotating rubbing

roller.

9. The aluminum pipe production method as recited in claim
2 or 3, wherein the rubbing member comprises at least one element
selected from the group consisting of an ultra fine fiber woven
fabric with a fiber diameter of 50 to lpm and an ultra f£ine fiber

non-woven fabric with a fiber diameter of 50 to lpmm.
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10. The aluminum pipe production method as recited in claim
9, further comprising a step for preparing a rubbing tape in which
the rubbing member is formed into a band shape or a tape shape,
wherein the rubbing tape rubs the surface of the aluminum raw
pipe while driving the rubbing tape in a direction perpendicular

to a longitudinal direction of the aluminum raw pipe.

11. The aluminum pipe production method as recited in claim
10, wherein the driving speed of the rubbing tape is set to 5 to
25 cm/min., and a contact pressure of the rubbing tape against the

aluminum raw pipe is set to 5 to 30 g/cm®.

12. The aluminum pipe production method as recited in any
one of claims 1 to 11, wherein at the slug removing step, aluminum
slugs which will have an area of 0.03 mm’? after the drawing step

are removed.

13. The aluminum pipe production method as recited in any
one of claims 1 to 12, wherein before executing the slug removing
step, a cutting step for cutting the aluminum raw pipe into a

predetermined length is executed.

14. An aluminum pipe obtained by the method as recited in

any one of claims 1 to 13.

15. An aluminum pipe obtained by the method as recited in
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any one of claims 1 to 13, wherein an area of the aluminum slug
adhering to the surface of the aluminum pipe is regulated to 0.03

mm®* or less.

1l6. A photosensitive drum substrate using the aluminum pipe

as recited in claim 14 or 15.

17. A photosensitive drum, characterized in that a
photosensitive layer is formed on a surface of the photosensitive

drum substrate as recited in claim 1l6.

18. A photosensitive drum production method, comprising:

a step for obtaining an aluminum pipe by the method as recited
in any one of claims 1 to 13; and

a step for forming a photosensitive layer on a surface of the

aluminum pipe.

19. An aluminum slug removing method for removing aluminum
slugs from a surface of an aluminum raw pipe obtained by an extrusion
step, characterized in that before subjecting the aluminum raw pipe
to a drawing step, the aluminum slugs adhering to the surface of

the aluminum raw pipe is removed by rubbing the surface.

20. An aluminum slug removing device for removing aluminum
slugs adhering to a surface of an aluminum raw pipe obtained by

an extrusion step before subjecting the aluminumrawpipe to a drawing
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step, characterized in that the aluminum slugs are rubbed off by
rubbing the surface of the aluminum raw pipe with a soft rubbing

member.

21. An aluminum slug removing rubbing member for rubbing off
aluminum slugs adhering to a surface of an aluminum raw pipe obtained
by an extrusion step before subjecting the aluminum raw pipe to
a drawing step, characterized in that the rubbing member comprises
at least one element selected from the group consisting of a brush,
a sponge, an ultra fine fiber fabric, and aultra fine fiber non-woven

fabric.

22. A drawing aluminum raw pipe to be subjected to a drawing
step, characterized in that the aluminum raw pipe is obtained by
an extrusion step and aluminum slugs adhering to a surface of the

aluminum raw pipe is removed by being rubbed.
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Example 1 (Brush)
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Example 2 (wiping cloth)
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Example 3 (Sponge)
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Example 4 (Non—-woven fabric)
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