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(69 HEAT-TREATMENT DEVICE AND METHOD OF DRYING FUNCTIONAL THIN FILM USING SAID DEVICE.

@ A heat-treatment device equipped with a cylindrical directly powered far-infrared ceramic heater for heating
a columnar or cylindrical object to be treated, which is placed concentrically therewith, from the surrounding.
This device can uniformly heat-treat an object. This invention also provides a method of drying a coating film of
polymeric coating liquid formed on the surface of a columnar or cylindrical substrate using a specified heating
pattern using said heat-treatment device. Said drying method prevents the surface of a coating film from being
dried earlier than the inner part thereof so that uniform drying may reach even the inner part of the coating film.
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[FIELD OF THE INVENTION]

The present invention relates to a thermal treatment equipment for heat-treating a pillar-shaped or
cylindrical object to be heat-treated and a method of drying a functional thin film using the thermal
treatment equipment.

[BACKGROUND OF THE INVENTION]

Heat treatments of the above described object to be heat-treated conventionally used include, for
example, formation of a functional thin film by drying a polymer coating fluid applied to the surface of a
pillar-shaped or cylindrical substrate, annealing of a plated film or a deposited film formed on the surface of
the substrate, sintering of ceramics formed in a pillar shape or a cylindrical shape, and hardening of metal.

Thermal treatment equipments generally used for the above described various heat treatments of the
object to be heat-treated inciude one of such a type that an object to be heat-treated P is passed through a
heat treatment furnace H which is heated to a predetermined interior temperature while being conveyed at
constant speed, as shown in Figs. 21 and 22, so as fo uniformly heat-treat the object to be heat-treated.

Means for heating the heat treatment furnace H to a predetermined interior temperature include, for
example, one of such a type that warm air is blown into the heat treatment furnace H or a lot of heaters h
arranged in the heat treatment furnace H as shown in Figs. 21 and 22.

In the heating using the above described heaters and warm air, however, when a functional thin film is
formed by drying, for example, the surface of a coating film on the substraie is heated and dried prior to the
inside thereof, so that the inside of the coating film cannot be smoothly dried. Accordingly, there occur
defects such as irregularity (so-called orange peel), a skinning phenomenon and the like on the coating film
as well as bubbles, pinholes and cissing of the coating film when solvent vaporizes from the inside of the
coating film. Moreover, a great amount of solvent remains in the functional thin film so that the performance
thereof is unstable. For example, when the functional thin film is a photosensitive layer of a photosensitive
drum, the photosensitive layer is inferior in sensitivity and stability of repeated exposure. In addition, the
photosensitive layer is liable to be, for example, cracked and peeled.

The solvent remaining in the functional thin film is solved if the substrate after forming the functional
thin film is stored for a long time to naturaily evaporate the solvent. However, productivity is significantly
decreased, which presents a problem in terms of cost.

Therefore, a heat treatment furnace using an infrared heater for emitting far infrared rays capable of
uniformaly heating and drying the entire coating film by passing through the coating film has been
proposed (for example, see Japanese Patent Laid-Open Gazetie No. 277958/1986). Even when the above
infrared heater is used, however, the surface of the coating film is dried prior to the inside thereof if the
coating film is rapidly heated, so that the above described various problems may arise.

Furthermore, even in the case of the other heat treatments of the object to be heat-treated, rapid
heating is not preferable because it adversely affects the object to be heat-treated.

For example, in the case of annealing of a plated film or a deposited film, internal stress of the film is
rather increased by rapid heating, which may cause cracking, peeling or the like. Further, in the case of
sintering of ceramics, internal stress is increased by rapid heating, which causes cracking or the like. In the
case of hardening of metal, rapid heating causes deformation or the like due to non-uniform termal
expansion.

Therefore, for example, the above described heat treatment furnace is divided into a plurality of
chambers so that set heating temperatures of the chambers are gradually increased in the order from the
chamber on the entrance sid e, and the object to be heat-ireated is passed through the respective
chambers in the order from the chamber on the entrance side, thereby to gradually raise the temperature
thereof.

As the above described conventional heat treatment furnace, however, such a so-called tunnel-type one
that the object to be heat-treated is heated and dried while being conveyed at constant speed as described
above is generally used so as to enhance the productivity. The heat treatment furnace becomes huge so as
to sufficiently heat-treat the object to be heat-treated. Accordingly, there are problems in terms of a space
and cost required for installation of the heat treatment furnace. In addition, there are some problems. For
example, it takes long to raise the heat treatment furnace to a predetermined interior temperature from the
start, and a great amount of energy is consumed because the heat freatment furnace must be kept at a
constant interior temperature while the heat treatment furnace is being driven.

A primary object of the present invention is to provide a thermal treatment equipment requiring no
large-scale heat treatment furnace, capable of significantly cutting a space and cost required for installation
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of the heat treatment furnace, time required for heat freatment, consumed energy and the like as well as
capable of uniformly heat-treating an object to be heat-treated.

Furthermore, another object of the present invention is to provide a method of drying a functional thin
film using the above thermal treatment equipment in which it is possible to form a uniform functional thin
film which is free from defects such as orange peel, bubbles, pinholes and cissing and is small in internal
siress.

[DISCLOSURE OF THE INVENTION]

According to the present invention, there is provided a thermal freatment equipment comprising a
cylindrical directly energized ceramic infrared heater for heating a pillar-shaped or cylindrical object to be
heat-treated from the periphery with the object to be heat-treated being concentrically contained therein. In
the thermal treatment equipment according to the present invention, the object to be heat-treated is heated
with it being concentrically contained in the cylindrical directly energized ceramic infrared heater, thereby to
make it possible to uniformly heat-treat the object to be heat-treated.

Meanwhile, a plurality of plate-shaped ceramic heaters are arranged in the shape of a prism which is
polygonal in cross section to constitute the above described directly energized ceramic infrared heater, it is
easy to manufacture the thermal treatment equipment. In this case, non uniformity in heat freatment can be
prevented by setting the number of angles of the polygon to six or more or relatively rotating the cylindrical
directly energized ceramic infrared heater and an object to be heat-treated at the time of heat treatment.

Additionally, when the object to be heat-treated is in a cylindrical shape, the above cylindrical object to
be heat-treated can be heai-ireated from the inside and outside if a tubular or bar-shaped directly energized
ceramic infrared heater having an outside diameter smaller than the inner size of the object to be heat-
treated is concentrically arranged in the cylindrical directly energized ceramic infrared heater.

Furthermore, if a wavelength cutting filter which transmits only a component in a particular wave range
of far infrared rays radiated from the cylindrical directly energized ceramic infrared heater is interposed
between the cylindrical directly energized ceramic infrared heater and the object to be heat-treated, a
coating film can be dried, for example, by irradiating only the component in the particular wave range which
can pass through the coating film of the far infrared rays radiated from the directly energized ceramic
infrared heater to the coating film.

As the concrete construction of the thermal treatment equipment, the cylindrical directly energized
ceramic infrared heater is arranged with its axis being directed toward the approximately vertical direction,
and a pallet which is moved while holding the object fo be heat-treated in an upright state is provided so as
to concentrically contain the object to be heat-treated in the directly energized ceramic infrared heater. It is
preferable that this pallet has a stepped portion for holding the object to be heat-treated in a region other
than non-heated regions in both upper and lower ends of the directly energized ceramic infrared heater.

Furthermore, ventilating means for circulating air from the upper end to the lower end of the object to
be heat-treated can be also arranged in the upper part of the directly energized ceramic infrared heater. In
this case, the above pallet is provided with a vent hole through which the air from the ventilating means is
passed.

In order to continuously treat objects fo be heat-ireated, a conveying rail for conveying the above pallet
may be provided, on which a plurality of pallets are arranged, and the cylindrical directly energized ceramic
infrared heater may be arranged movably up and down to a conveying path of the object to be heat-treated
conveyed by the above conveying rail. In this case, it is preferable to provide cooling means for cooling the
cylindrical directly energized ceramic infrared heater which retreats from the conveying path of the object to
be heat-treated conveyed by the conveying rail after heat-treating the object to be heat-treated. In addition,
the outer periphery of the cylindrical directly energized ceramic infrared heater may be surrounded by heat
insulating materials detachably from the directly energized ceramic infrared heater, and the heat insulating
materials may be separated from the directly energized ceramic infrared heater to be separately cooled at
the time of cooling the directly energized ceramic infrared heater by the cooling means. As cooling means
for cooling the heat insulating material, a cooling pipe inserted in the heat insulating material is preferably
used.

Furthermore, the above described heat treatment equipment may be so constructed that two cylindrical
directly energized ceramic infrared heaters are arranged so as to alternately heat objects to be heai-treated
by alternately moving up and down to conveying paths of the objects fo be heat-treated conveyed by
conveying rails, and one of the directly energized ceramic infrared heaters is cooled by cooling means at
the time of heat-treating the object to be heat-treated by the other directly energized ceramic infrared
heater.
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On the other hand, according to the present invention, there is provided a method of drying a functional
thin film in which a coating film of a polymer coating fluid formed on the surface of a pillar-shaped or
cylindrical substrate is dried by predetermined natural drying and then, the substrate is rapidly raised to the
glass fransmission temperature of the entire coating film after film formation which is determined by the
compositions in the polymer coating fluid and the amount of mixture thereof using the above directly
energized ceramic infrared heater, and is gradually raised to a predetermined heating temperatiure by
decreasing the heating rate from the glass transmission temperature on or is held at the glass transmission
temperature for a predetermined time period and then, is raised to a predetermined heating temperature.

In the method of drying the functional thin film according to the present invention, the temperature of
the substrate is slowly raised or the temperature rise is temporarily stopped from the glass transmission
temperature on, thereby to make it possible to prevent the surface of the coating film from being dried prior
to the inside thereof to uniformly dry the coating film to the inside thereof.

[BRIEF DESCRIPTION OF THE DRAWINGS]

Fig. 1 is a front view showing the preferred construction of a thermal treatment equipment according to
the present invention;

Fig. 2 is a perspective view showing one example of a directly energized ceramic infrared heater used in
the above thermal treatment equipment;

Fig. 3 is a perspective view showing another directly energized ceramic infrared heater;

Fig. 4 is a plan view showing a state where a body of a photosensitive drum which serves as an object to
be heat-treated is concentrically contained in the directly energized ceramic infrared heater shown in Fig.
3;

Fig. 5 is a perspective view showing still another directly energized ceramic infrared heater;

Fig. 6 is a plan view showing a state where a body is heated by the directly energized ceramic infrared
heater shown in Fig. 5;

Fig. 7 is a perspective view showing a further directly energized ceramic infrared heater;

Fig. 8 is a plan view showing a state where a body is heated by the directly energized ceramic infrared
heater shown in Fig. 7;

Fig. 9 is a cross sectional view showing a portion where the directly energized ceramic infrared heater is
mounted on an up-and-down device in the thermal treatment equipment shown in Fig. 1;

Fig. 10 is a cross sectional view showing a structure of a pallet for holding a body in the thermal
treatment equipment shown in Fig. 1;

Fig. 11 is a front view showing the construction of another thermal ireatment equipment according to the
present invention;

Figs. 12 and 13 are plan views showing a state where heat insulating materials and a directly energized
ceramic infrared heater which are used in the thermal treatment equipment shorn in Fig. 11 are detached
from each other;

Fig. 14 is a front view showing the construction of still another thermal treatment equipment according to
the present invention;

Figs. 15 is a plan view showing a state where heat insulating materials and a directly energized ceramic
infrared heater which are used in the thermal treatment equipment shown in Fig. 14 are detached from
each other;

Fig. 16 is a front view showing the construction of a further thermal treatment equipment according to the
present invention;

Fig. 17 is a plan view showing the relation among a conveying rail, a pallet and a directly energized
ceramic infrared heater in the thermal treatment equipment shown in Fig. 16;

Figs. 18 and 19 are graphs each showing one example of a temperature rise pattern in a method of
drying a functional thin film according to the present invention;

Fig. 20 is a circuit diagram showing one example of a control device for controlling a directly energized
ceramic infrared heater for implementing a method of drying a photosensitive drum according to the
present invention;

Fig. 21 is a plan view showing one example of a conventional thermal treatment equipment; and

Fig. 22 is a front view showing the thermal treatment equipment shown in Fig. 21.

[BEST MODE FOR CARRYING OUT THE INVENTION]

Description is now made of a thermal treatment equipment and a method of drying a functional thin film
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according to the present invention with reference to accompanying drawings showing a case where they are
utilized for drying a photosensitive drum having a photosensitive layer serving as the above functional thin
film.

A thermal treatment equipment shown in Fig. 1 will be described.

The thermal treatment equipment shown in Fig. 1 comprises a plurality of bodies P which are conveyed
in the direction indicated by white arrows in Fig. 1, a cylindrical directly energized ceramic infrared heater 1
which is arranged movably up and down, as indicated by a black arrow in Fig. 1, to a conveying path of the
bodies P, a plurality of pallets 3 which are moved along the conveying path on a conveying rail 2 while
holding the above bodies P in an upright state, and cooling means 4 for cooling the directly energized
ceramic infrared heater 1 with the directly energized ceramic infrared heater 1 being contained therein. The
directly energized ceramic infrared heater 1 heats the body P from the periphery with the body P being
concentrically contained therein, as represented by a two-dot and dash line in Fig. 1, in its lowered state,
while being cooled with it being contained in the cooling means 4, as represented by a solid line in Fig. 1,
in its raised state.

As the cylindrical directly energized ceramic infrared heater 1, one so adapted that a plurality of plate-
shaped ceramic heaters 1a are arranged in the shape of a prism which is polygonal in cross section {sight-
sided polygonal in Figs. 3 and 4) as shown in Figs. 3 and 4 can be used in addition to one so adapted that
the whole is integrally formed of a conductive ceramic material as shown in Fig. 2.

As the above described cylindrical or plate-shaped directly energized ceramic infrared heater,
INFRALEX-BIRRC (trade name) manufactured by Asahi Glass Co., Lid. is commercially available. This is
constructed by sintering a mixture of a ceramic material and a metal material to form a cylinder body 10 or
a plate body 12 made of conductive ceramics as well as laminating a metal material such as aluminium in
the outer periphery in both ends of the cylinder body 10 or in both ends of the plate body 12 in a strip
shape by a flame spray coating process, various gas phase processes, a wet plating process or the like to
form a pair of elecirodes 11 or 13. At the time of heating, the object to be heat-treated (body 1) is heated
by radiating far infrared rays having a wavelength of approximately 2.5 to 25 um from the outer periphery
10a and the inner periphery 10b of the cylinder body 10 or the outer surface of the plate body 12.

The above described directly energized ceramic infrared heater can uniformly heat the surface of the
body P serving as the object to be heat-treated contained inside thereof because the cylinder body 10 or
the plate body 12 itself is a uniform heating element having conductive properties and a portion other than
both the ends where the electrodes are formed uniformly generates heat if a voltage is applied between the
pair of electrodes 11 or 13. In addition, the above directly energized ceramic infrared heater 1 has the
advantage that the heating rate or the like can be finely controlled as described later because it is superior
in response to applied power.

General items of the above described INFRALEX-BIRRC are shown in the following:
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*Items
Specific resistance: 0.2 to 15 Q - c¢cm
Temperature coefficient of electrical resistance:
0.2 %4/°C or less
(positive characteristics)
Volume density: 2.0 to 2.4 g/cm3
Specific heat: 0.15 to 0.3 cal/g - °C
Coefficient of thermal expansion:
38 x 10-7/ °C
Thermal conductivity:
b.2 x 10-%cal/*C - Sec- cm
Flexural strength: 5.2 kg/mm?
Heat resistance: 400 °C (a maximum of 500°C)

in common use

The directly energized ceramic infrared heater 1 shown in Fig. 2 comprises a seamless cylinder body
10 which is almost uniformly made of a conductive ceramic material throughout and a pair of annular
electrodes 11 provided on both ends of the cylinder body 10, as described above.

The spacing in the radial direction between an inner peripheral surface 10b of the above directly
energized ceramic infrared heater 1 and an outer peripheral surface of the body P is not particularly limited,
which preferably is in the range of 5 to 300 mm and particularly, in the is in the range of 5 to 300 mm and
particularly, in the range of 10 to 100 mm. When the spacing in the radial direction between the inner
peripheral surface 10b of the directly energized ceramic infrared heater 1 and the outer peripheral surface
of the body P is less than 5 mm, the distance therebetween is too short. Accordingly, any non-uniformity in
heat generation in the directly energized ceramic infrared heater 1 would adversely affect the dry state of a
coating film of the body P directly, so that the coating film is not uniformly dried. In addition, the density of
vapors of solvent evaporated from the coating film is high. Accordingly, if drying air is circulated between
the directly energized ceramic infrared heater 1 and the body P as described later, defects such as vertical
reinforcement may occur on the surface of the coating film due to the flow of the vapors of the solvent. On
the other hand, when the spacing in the radial direction between the inner periphery of the directly
energized ceramic infrared heater 1 and the outer periphery of the body P exceeds 300 mm, the distance
therebetween is too long, resulling in heat loss. Accordingly, energy more than necessary may be
consumed so as to dry the coating film.

When the above described directly energized ceramic infrared heater 1 is used, the cylinder body 10 is
seamless and is formed almost uniformly throughout. Accordingly, it has the advantage that if a voltage is
applied between the pair of electrodes 11 as described above, a portion other than both the ends where the
electrodes 11 are formed uniformly generates heat, thereby to make it possible to uniformly dry the coating
film on the surface of the body 1.

On the other hand, the directly energized ceramic infrared heater 1 shown in Figs. 3 and 4 is
constructed by arranging a plurality of plate-shaped ceramic heaters 1a each having a plate body 12 almost
uniformly formed of a conductive ceramic material and a pair of electrodes 13 provided in both ends of the
plate body 12 in the shape of a prism which is polygonal in cross section.
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Meanwhile, the plate-shaped ceramic heaters 1a are arranged in the shape of a prism with clearances g
being provided therebetween as shown in Figs. 3 and 4 so as to prevent leakage of a current. The
clearances g can be also used with they not being blocked so as to efficiently remove vapors of solvent
emitted from a coating film as described above. Generally, however, the clearances g are preferably
blocked by an insulating material such as rubber or a heat insulating material as described later and the like
in consideration of thermal efficiency and uniform heating.

Furthermore, when the plurality of plate-shaped ceramic heaters 1a are arranged in the shape of a
prism which is polygonal in cross section, the number of angles of the polygon is not particularly limited.
When an object to be heat-treated is a cylinder body or a pillar body such as a body P of a photosensitive
drum, however, it is preferable that the above number of angles is six or more. If the number of angles of
the polygon is five or less, the difference in the spacing in the radial direction between the inner peripheral
surface of the directly energized ceramic infrared heater 1 and the outer peripheral surface of the cylinder
body or the pillar body in a vertex of the polygon and the center of a side thereof becomes large, so that
there is a possibility that the object to be heat-treated is not uniformly heated.

When the directly energized ceramic infrared heater 1 is constituted by the plurality of plate-shaped
ceramic heaters ta as described above, each of the plate-shaped ceramic heaters 1a is manufactured more
easily and can be formed to be thinner than the cylinder body. Accordingly, the direcily energized ceramic
infrared heater 1 can be manufactured at low cost and to be lightweight. Consequently, there are some
advantages. For example, the whole of the above directly energized ceramic infrared heater 1 can be
manufactured at low cost, combined with possible simplification of, for example, means for moving the
above directly energized ceramic infrared heater 1 up and down to a conveying path of the body P (an up-
and-down device as described later).

When the directly energized ceramic infrared heater 1 of the above described construction is used, the
directly energized ceramic infrared heater 1 and the body P can be relatively rotated at the time of heating
so as to further ensure uniformity in heating. The rotation speed of the direcily energized ceramic infrared
heater 1 or the body P is not particularly limited, which preferably is in the range of 5 to 40 r.p.m. If the
rotation speed is less than 5 r.p.m., heating may be non-uniform. Contrary to this, if the rotation speed
exceeds 40 r.p.m., air caused by the rotation may affect the coating film, and it may be difficult to control
and maintain high-speed rotation.

When the cylindrical directly energized ceramic infrared heater 1 is constituted by the plurality of plate-
shaped ceramic heaters 1a as described above, the widths of the plate-shaped ceramic heater 1a and the
clearance g, the spacing between the above plate-shaped ceramic heater 1a and the surface of the body P
serving as the object io be heat-treated, and the like can be suitably selected to preferred numerical values
depending on the diameter of the body, the number of angles of the directly energized ceramic infrared
heater 1, and the like. For example, when the body P is heat-treated by the directly energized ceramic
infrared heater 1 in the shape of a prism which is eight-sided polygonal in cross section shown in Figs. 3
and 4, it is preferable that the plaie-shaped ceramic heaters 1a are arranged in the shape of an eight-sided
polygon with the width of the clearances g being 1 mm or more such that the shortest distance between the
inner wall surface of the plate-shaped ceramic heater 1a and the outer peripheral surface of the body P
(represented by a sign d in Fig. 4) is 5 mm or more.

In the above described case, if the shortest distance d between the inner wall surface of the plate-
shaped ceramic heater 1a and the outer peripheral surface of the body P is less than 5 mm, the distance
therebetween is too short. Accordingly, any non uniformity in heat generation in the plate-shaped ceramic
heter 1a would adversely affect the dry state of the coating film of the body P directly, so that the coating
film is not uniformly dried. In addition, the density of the vapors of the solvent evaporated from the coating
film is high. Accordingly, if drying air is circulated between the directly energized ceramic infrared heater 1
and the body P as described later, defects such as vertical reinforcement are liable to occur on the surface
of the coating film due to the flow of the vapors of the solvent.

Furthermore, when the width of the clearances g is less than 1 mm, leakage of a current is liable to be
developed between the adjacent plate-shaped ceramic heaters 1a.

In the directly energized ceramic infrared heater 1, a seamless tubular or bar-shaped directly energized
ceramic infrared heater 9 having an ouiside diameter smaller than the inside diameter of the body P may
be arranged concentrically with the directly energized ceramic infrared heater 1, as shown in Figs. 5 and 6
or 7 and 8. The above directly energized ceramic infrared heater 9 is inserted in the body P when the body
P is contained in the cylindrical directly energized ceramic infrared heater 1 and is used for heating the
body P from the inside and outside, as shown in Fig. 6 or 8, which comprises a seamless tubular or bar-
shaped main body 90 which is almost uniformly made of a conductive ceramic material throughout and a
pair of annular elecirodes 91 formed in both ends of the main body 90, similarly to the outer directly
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energized ceramic infrared heater 1. As the above described tubular or bar-shaped directly energized
ceramic infrared heater 9, one, which has a small outside diameter, of the above described INFRALEX-
BIRRC is suitably used.

Furthermore, a wavelength cutting filter for transmitting only a component in a particular wave range
which can pass through the coating film of far infrared rays radiated from the cylindrical directly energized
ceramic infrared heater 1 opposed to the surface of the body P having the coating film formed thereon and
cutting the other components may be interposed between at least the directly energized ceramic infrared
heater 1 out of the above directly energized ceramic infrared heaters 1 and 9 and the above body P. As the
above wavelength cutting filter, one, which transmits a wavelength corresponding to the thickness of the
coating film, of ND filters (Neutral Density Filters) used for selecting a wavelength in the far infrared region
can be suitably used. The wave range of the far infrared rays to be transmitted by the above wavelength
cutting filter differs depending on the thickness of the coating film, as described above. For example, when
the thickness of the coating film is approximately 5 to 40 um, the particular wave range is in the range of 25
to 1000 um.

The directly energized ceramic infrared heater 1 described in the foregoing is attached to a mounting
seat 51 in a forward end of an up-and-down bar 5 serving as the up-and-down device, as shown in Figs. 1
and 8, to be arranged movably up and down to the conveying path of the body P in the thermal treatment
equipment shown in Fig. 1.

Meanwhile, blast tubes 6 serving as ventilating means are connected to the above described mounting
seat 51, as shown in Fig. 9. The ventilating means is used for causing drying air to flow down from the
upper and to the lower end of the body P to prevent the solvent evaporated from the coating film from
staying in the directly energized ceramic infrared heater 1 to efficiently :ry the coating film.

The flow rate of the drying air is preferably in the range of 0.01 to 3 m/sec and particularly, in the range
of 0. 1 to 2 m/sec. If the flow rate of the drying air is less than 0.01 m/sec, the solvent evaporated from the
coating film cannot be sufficiently prevented from staying in the directly energized ceramic infrared heater
1. Contrary to this, when the flow rate of the drying air exceeds 3 m/sec, the temperature of the directly
energized ceramic infrared heater itself is lowered, which may reduce radiation efficiency.

Meanwhile, when the above drying air is turbulent flow, the coating film is liable to be non-uniform. On
the other hand, when the drying air is upper flow from the lower end to the upper end of the body P, the
difference in temperature appears between the lower end and the upper end of the body P, so that the
coating film may not be uniformly dried. Consequently, the drying air is preferably down flow from the
upper end to the lower end of the body P.

The pallet 3 conveyed along the conveying path on a conveying rail 2 comprises a pillar-shaped convex
portion 31 having a fitting groove 31a to which the lower end of the body P is fitted for holding the body P
in an upright state and a fitting concave portion 32 to which the lower end of the directly energized ceramic
infrared heater 1 lowered on the conveying path is fitted for concentrically holding the body P and the
directly energized ceramic infrared heater 1, as shown in Fig. 10.

A stepped portion represented by 8 in Fig. 10 is provided between the bottom surface of the above
fitting groove 31a and the botiom surface of the fitting concave portion 32 so as to hold the body P in a
region other than a non-heated region (in the range represented by « in Fig. 10) which corresponds to the
above described electrode in the lower end of the directly energized ceramic infrared heater 1.

Meanwhile, the directly energized ceramic infrared heater 1 comprises the ventilating means for
circulating the drying air from the upper end to the lower end of the body P, as described above.
Accordingly, as shown in Fig. 10, in the palette 3, a plurality of vent holes 33 through which the drying air
supplied from the ventilating means is passed are arranged on the botfom surface of the above fitting
concave portion 32 so as to surround the convex portion 31.

The cooling means 4 is used for preventing the coating film from being rapidly heated by covering the
next body P with the directly energized ceramic infrared heater 1 which has heated the body P in a high
temperature state, which comprises a cylindrical main body 41 containing the directly energized ceramic
infrared heater 1 and a door 42 for closing an opening in the lower end of the cylindrical main body 41, as
shown in Fig. 1. If the directly energized ceramic infrared heater 1 is raised to be contained in the main
body 41, as represented by a solid line in Fig. 1, the door 42 is closed and then, cooling air is supplied
from ventilating means (not shown) to the main body 41 so that the directly energized ceramic infrared
heater 1 is cooled.

Meanwhile, when the directly energized ceramic infrared heater 1 comprises the ventilating means for
circulating the drying air from the upper end to the lower end of the body P as described above, drying air
can be also used as cooling air for cooling the directly energized ceramic infrared heater 1 in the cooling
means 4.
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Description is now made of a thermal treatment equipment shown in Fig. 11. This thermal treatment
equipment is the same as the above described thermal treatment equipment shown in Fig. 1 except that a
plurality of heat insulating materials 7 for surrounding a directly energized ceramic infrared heater 1 at the
time of heating a body P are arranged detachably from the above directly energized ceramic inirared heater
1.

More specifically, the thermal treatment equipment shown in Fig. 11 comprises a plurality of pallets 3
conveyed on a conveying rail 2 with the body P being held in an upright state, a cylindrical directly
energized ceramic infrared heater 1 arranged movably up and down to a conveying path of the body P by
the pallets 3 for heating the body P from the periphery with the body P being concentrically contained
therein in its lowered state, and cooling means 4 for cooling the directly energized ceramic infrared heater 1
raised from the conveying path with the directly energized ceramic infrared heater 1 being contained
therein.

The heat insulating materials 7 are used for trapping heat of the directly energized ceramic infrared
heater 1 to heat the body P more efficiently and has such a shape that a cylinder body having an inside
diameter conforming to the outer periphery of the above directly energized ceramic infrared heater 1 is
divided (divided into four parts in Figs. 12 and 13) along the direction of its axis, as shown in Figs. 12 and
13. The whole of the above heat insulating materials 7 is formed of a heat-resistant heat insulating material,
for example, a fiber having a diameter of approximately 3 mm comprising mica and a ceramics material.

The above heat insulating materials 7 are firmly bonded to the outer periphery of the above directly
energized ceramic infrared heater 1 (see Fig. 12) at the time of heating the body P by the directly
energized ceramic infrared heater 1. When the directly energized ceramic infrared heater 1 is cooled by the
cooling means 4 after heating of the body P is terminated, the heat insulating materials 7 are separated
from the directly energized ceramic infrared heater 1 to be cooled by themselves so as not to prevent the
directly energized ceramic infrared heater 1 from being cooled (see Fig. 13).

Cooling means 8 for cooling the heat insulating materials 7 separated from the directly energized
ceramic infrared heater 1 by themselves is arranged beneath the conveying rail 2, as shown in Fig. 11, and
cooling air is supplied from ventilating means (not shown) to cool the heat insulating materials 7.

Meanwhile, as represented by a one-dot and dash line in Fig. 11, it is possible to use as the above
described cooling means a heat-resistant cooling pipe 81 inserted in each of the heat insulating materials 7
for cooling the heat insulating material 7 by circulating a refrigeration medium such as cooling water.
Materials of the cooling pipe 81 include polytetrafluoroethylene (Teflon, whose heat resistance is 260 “Cor
less), silicone resin (whose heat resistance is 260 °C or less), fluororubber (whose heat resistance is 300
" C or less) and the like.

Description is now made of a thermal freatment equipment shown in Fig. 14. The thermal treaiment
equipment is the same as the above described thermal treatment equipments except that eight plate-
shaped ceramic heaters 1a are arranged in the shape of a prism as described above to construct a
cylindrical directly energized ceramic infrared heater 1, and the plate-shaped ceramic heaters 1a are
divided into four blocks 1b two by two as shown in Fig. 15 and are separately cooled in a main body 41 of
cooling means 4 at the time of cooling.

The thermal treatment equipment shown in Fig. 14 is the same as the above described thermal
treatment equipment shown in Fig. 11 except for the foregoing. More specifically, the thermal treatment
equipment shown in Fig. 14 comprises a plurality of pallets 3 conveyed on a conveying rail 2 with a body P
being held in an upright state, a cylindrical directly energized ceramic infrared heater 1 arranged movably
up and down o a conveying path of the body P by the pallets 3 for heating the body P from the periphery
with the body P being concentrically contained thersin in its lowered state, cooling means 4 for cooling the
directly energized ceramic infrared heater 1 raised from the conveying path with the directly energized
ceramic infrared heater 1 being contained therein, and a plurality of heat insulating materials 7 for
surrounding the directly energized ceramic infrared heater 1 assembled in a cylindrical shape at the time of
heating the body P.

Meanwhile, each of the above described heat insulating materials 7 is arranged corresponding to one
block 1b comprising two plate-shaped ceramic heaters 1a, as shown in Fig. 15. The heat insulating
materials 7 are divided into four parts along with the blocks 1b, as indicated by white arrows in Fig. 15 and
then, separated from the blocks 1b to be cooled by themselves in cooling means 8 arranged beneath the
conveying rail, as indicated by black arrows in Fig. 14.

The thermal ireaiment equipment shown in Fig. 14 comprising the above described parts has the
advantage that the directly energized ceramic infrared heater 1 can be cooled more efficiently because it is
cooled with it being divided into a plurality of blocks 1b.

Description is now made of a thermal treatment equipment shown in Fig. 16. The thermal freatment
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equipment is the same as the above described three thermal treatment equipments except that there are
provided two conveying rails 2a and 2b on upper and lower sides for alternately conveying a plurality of
bodies P, and there are provided two cylindrical directly energized ceramic infrared heaters 1A and 1B with
the two conveying rails 2a and 2b being interposed therebetween.

In the above described thermal treatment equipment, the two directly energized ceramic infrared
heaters 1A and 1B are alternately raised and lowered to alternately heat the bodies P alternately conveyed
on the above two conveying rails 2a and 2b.

More specifically, the plurality of bodies P are alternately conveyed by a pallet 3a moving on the
conveying rail 2a on the lower side and a pallet 3b moving on the conveying rail 2b on the upper side.

When the pallet 3a on the lower side enters between the two directly energized ceramic infrared
heaters 1A and 1B arranged opposed to each other, the directly energized ceramic infrared heater 1A on
the upper side is lowered and concentrically contains the body P held on the above pallet 3a, as shown in
Fig. 16, to heat and dry its coating film. During this time period, the directly energized ceramic infrared
heater 1B on the lower side is contained in cooling means 4b beneath the conveying rail 2a on the lower
side to be cooled.

Then, when drying of the body P by the directly energized ceramic infrared heater 1A on the upper
side is terminated, the directly energized ceramic infrared heater 1A is raised and is contained in cooling
means 4a on the conveying rail 2b on the upper side to be cooled, as represented by a two-dot and dash
line in Fig. 16.

The body P which has been dried is conveyed from between the two directly energized ceramic
infrared heaters 1A and 1B by the movement of the pallet 3a and then, the pallet 3b on the upper side
holding the body P which has not been treated yet is moved to enter between the above two cylindrical
directly energized ceramic infrared heaters 1A and 1B.

The directly energized ceramic infrared heater 1B on the lower side is raised and concentrically
contains the body P held on the above pallet 3b, to heat and dry its coating film. .

Meanwhile, a gauge G between the above conveying rails 2a and 2b is set to be wider than the outside
diameter of each of the directly energized ceramic infrared heaters 1A and 1B, as shown in Fig. 17.
Consequently, the up-and-down movement of the directly energized ceramic infrared heaters 1A and 1B to
the conveying rails 2a and 2b is not prevented by the conveying rails 2a and 2b.

The above described thermal treatment equipment shown in Fig. 16 has the advantage that waiting time
for cooling the directly energized ceramic infrared heater can be omitted and a photosensitive drum can be
dried more efficiently because one of the directly energized ceramic infrared heters can be cooled while
drying the body P by the other directly energized ceramic infrared heater. As a method of drying a
photosensitive layer of a photosensitive drum serving as a functional thin film using each of the above
described thermal treatment equipments, a method is employed in which the body P is concentrically
contained once in the directly energized ceramic infrared heater 1 cooled by the cooling means 4 and then,
this directly energized ceramic infrared heater 1 is energized to generate heat, to raise the body P from the
room temperature to a predetermined heating temperature, and the body P is heated for a predetermined
time period to dry the coating film of the polymer coating fluid formed on the surface of the above body P,
as described above. [t is to prevent the coating film from being rapidly heated by covering the next body P
with the direcily energized ceramic infrared heater 1 which has heated the previous body P at a high
temperature state that the directly energized ceramic infrared heater 1 is cooled once by the cooling means
4. Furthermore, in the above drying method, the coating film formed by applying the polymer coating fluid
on the surface of the body P is dried by predetermined natural drying and then, is dried by the directly
energized ceramic infrared heater 1 so as io make the staie of the coating film constant. In the above
described drying method, if the temperature rise of the body P by the directly energized ceramic infrared
heater is controlled by stages with the glass transmission temperature (Tg) of the entire coating film after
film formation which is determined by the compositions in the polymer coating fluid and the amount of
mixture thereof being defined as its boundary, as shown in Fig. 18 or 19, the coating film can be uniformly
dried to the inside thereof, thereby to make it possible to form a photoreceptor which is free from defects
such as orange peel, bubbles and pinholes and has a stable performance because the amount of the
remaining solvent is smalil.

A temperature rise patiern shown in Fig. 18 is such a patiern that the body P is rapidly raised to the
glass transmission temperature of the coating film (represented by Point | in Fig. 18), the body P is
gradually raised to a predetermined heating temperature by decreasing the heating rate from the glass
transmission temperature on, the temperature rise of the body P is stopped in the stage in which the body
P reaches the predetermined heating temperature (represented by Point Il in Fig. 18), and the above
temperature is maintained until drying is terminated. The same healing rate may be maintained as
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represented by a solid line in Fig. 18 from the above point | to the above point II. On the other hand, control
may be so carried out that the heating rate is decreased by stages through several points of inflection (two
points of inflection, that is, Point I-a and Point I-b) as represented by a one dot and dash line in Fig. 18. In
addition, the above point | and the above point Il may be connected in a curve shape, which is not shown.

On the other hand, a temperature rise pattern shown in Fig. 19 is such a pattern that the body P is
rapidly raised to the glass transmission temperature of the coating film (Point Il in Fig. 19), the temperature
rise is stopped for a predetermined time period at the glass transmission temperature (to Point IV in Fig. 19)
and then, the body P is raised again to a predetermined heating temperature, the temperature rise is
stopped again in the stage in which the body P reaches the predetermined heating temperature (Point V in
Fig. 19), and the above temperaiure is maintained until drying is terminated.

As a control device for controlling heating of the body P by the directly energized ceramic infrared
heater 1 by stages as in the above described two examaples, one of construction shown in, for example,
Fig. 20 is adopted.

The control device shown in Fig. 20 comprises an SCR unit U2 for controlling driving power supplied to
the directly energized ceramic infrared heater 1 from the power supply on the basis of an instruction from
temperature adjusting means U1, an inverter U3 for controlling the driving of a fan F for supplying drying air
to the directly energized ceramic infrared heater 1, and a sequencer U4 for controlling the above
temperature adjusting means U1 and the inverter U3. The sequencer U4 stores data, such as the procedure
of the temperature control of the body P by the directly energized ceramic infrared heater 1, timing at which
the fun F is rotated, or the glass transmission temperature of a polymer material in the coating film and is
used for controlling the above temperature adjusting means U1 and the inverter U3 on the basis of this
data. In addition, a temperature sensor C for measuring the temperature of the above body P in controlling
heating of the body P using the directly energized ceramic infrared heater 1 by stages by controlling the
SCR unit U2 on the basis of an instruction from the sequencer U4 to adjust power supplied to the directly
energized ceramic infrared heater 1 is connected to the above temperature adjusting means U1. In the
control device comprising the above described parts, when a driving start signal is inputted to the
sequencer U4, control signals are sequentially sent to the temperature adjusting means U1 and the inverter
U3 from this sequencer U4 on the basis of the data previously store d.

The temperature adjusting means U1 receiving the control signal from the sequencer U4 controls the
SCR unit U2 while measuring the temperature of the body P by the temperature sensor C to control the
heating temperature of the body P using the directly energized ceramic infrared heater 1 by stages as
shown in Fig. 18 or 19, and the inverter U3 receiving the control signal from the sequencer U4 drives the
fan F according to the procedure to dry the body P.

The thermal treatment equipment according to the present invention is constructed as described above,
and the object to be heat-treated is heated with it being concentrically contained in the cylindrical directly
energized ceramic infrared heater, thereby to make it possible to uniformly heat-freat the object to be heat-
treated.

Consequently, by using the thermal treatment equipment according to the present invention, a space
and cost for installation, time required for heat treatment, consumed energy and the like can be significantly
cuf.

Furthermore, in the method of drying a functional thin film according to the present invention, the
surface of the coating film can be prevented from being dried prior to the inside thereof to uniformly dry the
coating film to the inside thereof by slowly raising the temperature or temporarily stopping the temperature
rise from the glass transmission temperature of the coating film on, thereby to make it possible to form a
uniform functional thin film which is free from defects such as orange peel, bubbles, pinholes and cissing
and is small in internal stress.

Meanwhile, the thermal treaiment equipment and the method of drying a functional thin film according
to the present invention are not limited fo the foregoing examples.

For example, although in each of the above described thermal treatment equipments, the directly
energized ceramic infrared heater is moved up and down to the conveying path of the body P, the body P
may be conversely moved up and down.

Furthermore, although in each of the above described thermal treatment equipments, the pallets 3, the
conveying rail 2, the cooling means 4, the up-and-down bar 5 serving as the up-and-down device, the blast
tubes 6 serving as the ventilating means, the heat insulating materials 7, the cooling means 8 and the like
are provided so as to dry the body P more efficiently, the members are not necessarily required for the
present invention. The constituent elements other than at least the cylindrical directly energized ceramic
infrared heater are not particularly limited.

Although each of the above described thermal treatment equipments is used for drying a photosensitive
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layer of a photosensitive drum serving as a functional thin film, the thermal freatment equipment according
to the present invention can be used for other applications such as formation of the other functional thin
films, annealing of a plated film or a deposited film formed on the surface of the substrate, sintering of
ceramics formed in a pillar shape or a cylindrical shape, and hardening of metal.

Additionally, in each of the above described thermal treatment equipments, the object to be heat-treated
is a cylindrical photosensitive drum. Accordingly, as the directly energized ceramic infrared heater, one in
the shape of a cylinder or a prism which is not less than six-sided polygonal in cross section is used.
However, when an object fo be heat-treated having the other cross sectional shape is heat-treated, a
cylindrical directly energized ceramic infrared heater having a cross sectional shape most suitable for
uniformly heating the object to be heat-ireated may be used.

In the method of drying a functional thin film according to the present invention, temperature control
after reaching a predetermined heating temperature is not particularly limited. For example, it is possible to
carry out such temperature control that the temperature is gradually lowered.

Furthermore, the method of drying a functional thin film according to the present invention can be
applied to drying of functional thin films other than a photosensitive layer, for example, an energized
exothermic coating film made of an energized exothermic coating having heating elements dispersed in an
organic matrix.

Various modifications can be made without departing from the gist of the present invention.

Example 1

The following compositions are mixed and dispersed using a uitrasonic dispersion mixer, to prepare a
polymer coating fluid for a single-layer type photosensitive layer.

poly-(U4,l4'-cyclohexiliden diphenyl)carbonate
(manufactured by Mitubishi Gas Chemical Co., Inc., Z-200
(trade name)) ¢ 100 parts by weight

N,N'-di(3,5-dimethyl phenyl)perylene-3,4,9,10-
tetracarboxydiimide : 5 parts by weight

X-type metalfree phthalocyanine (manufactured by
Dainippon Ink & Chemicals, Inc.) : 0.2 parts by weight

3,3'-dimethyl-N,N,N' ,N'-tetrakis-lU-methyl phenyl(1,9
biphenyl)-4,4'-diamine : 100 parts by weight

antioxidant (manufactured by Kawaguchi Kagaku Co., Ltd.,
Antage BHT (trade name)), : 5 parts by weight

polydimethyl siloxane (manufactured by The Sin-Etsu
Chemical Co., Ltd.) : 0.01 parts by weight

tetrahydrofuran : predetermined amount
The above described polymer coating fluid is then applied to the surface of an aluminum body having

an outside diameter of 78 mm and having an entire length of 344 mm by dipping and is naturally dried at
room temperature (20 ~ C) for three minutes, to form a coating film having a thickness of 22 um.
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The above body is concentrically contained in a seamless cylindrical directly energized ceramic
infrared heater having an inside diameter of 197 mm and having an entire length of 450 mm, and is raised
from the room temperature (20 °C) to the glass fransmission temperature of the above coating film (62 °C)
in thirty seconds (Point ! in Fig. 18) and then, is raised to 100 °C in 141 seconds from the start of heating
by decreasing the heating rate (Point Il in Fig. 18) in accordance with a pattern linearly connecting the point
| and the point I, represented by a solid line in Fig. 18, out of temperature rise patterns shown in Fig. 18,
Thereafter, the coating film is dried for ten minutes from the start of heating while maintaining the above
described temperature of 100° C to form a single-layer type photosensitive layer on the surface of the body,
thereby to fabricate a photosensitive drum.

Example 2

A photosensitive drum is fabricated in the same manner as the above described example 1 except that
a coating film is dried by a directly energized ceramic infrared heater in accordance with the following
temperature rise pattern.

(Temperature rise pattern)

The body is raised from the room temperature (20 °C) to the glass transmission temperature of the
above coating film (62 ’ C) in thirty seconds (Point | in Fig. 18) and the n, is raised to 79° C in 51 seconds
from the start of heating by decreasing the heating rate (Point |-a in Fig. 18), is raised to 93 “Cin 90
seconds from the start of heating (Point I-b in Fig. 18) and then, is raised to 100° C in 141 seconds from the
start of heating by further decreasing the heating rate (Point Il in Fig. 18) in accordance with a pattern
having two points of inflection I-a and I-b provided betwsen the point | and the point ll, as represented by a
one dot and dash line, out of the temperature rise patterns shown in Fig. 18. Thereafter, the coating film is
dried for ten minutes from the start of heating while maintaining the above described temperature of 100° C.

Example g

A photosensitive drum is fabricated in the same manner as the above described example 1 except that
a coating film is dried by a directly energized ceramic infrared heater in accordance with the following
temperature rise pattern.

(Temperature rise pattern)

The body is raised from the room temperature (20 °C) to the glass transmission temperature of the
above coating film (62 °C) in thirty seconds (Point lll in Fig. 19) and then, the temperature rise is stopped
to maintain the above described temperature of 62° C until 330 seconds are elapsed from the start of
heating (Point IV in Fig. 18) in accordance with a temperature rise pattern shown in Fig. 19. The
temperature rise is then started again to raise the body to 100 °C in 390 seconds from the start of heating
(Point V In Fig. 19). Thereafter, the coating film is dried for ten minutes from the start of heating while
maintaining the above described temperature of 100 °C.

Example 4

A photosensitive drum is fabricated in the same manner as the above described example 1 except that
used as a directly energized ceramic infrared heater is one which is eight-sided polygonal in cross section
comprising eight plate-shaped ceramic heaters having a width of 70 mm and having an entire length of 450
mm (manufactured by Asahi Glass Co., Lid., INFRALEX-BIRRC (irade name)) and clearances having a
width of 2 mm blocked by insulating rubber (d in Fig. 4 is 47 mm), and a coating film is dried while rotating
a body at a rotation speed of 20 r.p.m. relatively to the above directly energized ceramic infrared heater.

Example 5

A photosensitive drum is fabricated in the same manner as the above described example 4 except that
the same temperature rise pattern as that in the example 2 is used.

Example 6
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A photosensitive drum is fabricated in the same manner as the above described example 4 except that
the same temperature rise patiern as that in the example 3 is used.

Example 7

A photosensitive drum is fabricated in the same manner as the above described example 1 except that
a coating film is dried by a direcily energized ceramic infrared heater in accordance with the following
temperature rise pattern.

(Temperature rise pattern)

The body is linearly raised from the room temperature (20° C) to 100° C in ten seconds and then, the
coating film is dried for ten minutes from the start of heating while maintaining the above described
temperature of 100 C.

Example 8

A photosensitive drum is fabricated in the same manner as the above described example 1 except that
a coating film is dried at 100 * C for thirty minutes using a conventional drier shown in Figs. 21 and 22.

The following tests are carried out with respect to the respective photosensitive drums fabricated in the

above described examples.

Measurement of initial surface potential

Each of the photosensitive drums is fitted in an electrostatic copying testing device (manufactured by
Jentech Co., Ltd., Jentech Sinsia 30M) and the surface thereof is positively charged, to measure a surface
potential Vis.p. (V).

Measurement of amount of exposure reduced by half

Each of the above described photosensitive drums in a charged state is exposed using a halogen lamp
which is a light source for exposure of the above electrostatic copying testing device, and time elapsed until
the above surface potential Vi s.p. (V) is reduced by half is found to calculate the amount of exposure
reduced by half E1/2 (LJ/cm?).

Measurement of change in surface potential after repeated exposure

Each of the above described drums is fitted in an electrophotographic copying machine (of a DC-1656
type, which is manufactured by Mita industrial Co., Lid.) to make 300 copies and then, the surface potential
is measured as a surface potential after repeated exposure Vs s.p. (V).

Furthermore, the value of the change in surface potential - A V (V) is calculated from the value of the
above surface potential Vi s.p. and the value of the surface potential afier repeated exposure Vz s.p. by the
following equation (I):

SAV (V) = Vasp. (V)-Visp. (V) ()

Cross cut test

The photosensitive drum fabricated in each of the above described examples is fitted in the elec-
trophotographic copying machine (of a DC-1656 type, which is manufactured by Mita Industrial Co., Ltd.) to
make 500 copies and then, each photoreceptor is cut into respective 16 checkers 1 mm square and 5 mm
square by a cutting knife, and a peel test is carried out using a Nichiban tape (frademark) to observe
peeling from the photoreceptor. The numbers of checkers which are not peeled from the photoreceptor out
of the above checkers 1 mm square and 5 mm square are respectively recorded. The foregoing results are
shown in the following table:
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Vls.p st.p -AvV E1/2 Cross-cut Test
{number of
non-peeled
checkers
out of 186)
(v (V) (v) J{HI/cm2) 1mm Smm
Example 1 125 720 -5 5.50 13/16 16/16
Example 2 718 713 -5 5.48 14/16 16/16
Example 3 715 710 -5 5.43 16/16 16/16
Example 4 723 718 -5 5.52 14/16 16/16
Example 5 121 722 -5 5.50 15/16 16/16
Example & 719 714 -5 5.417 16/16 16/16
Comparative | --———= [ ===—=—- i B ttutnteadl Btttk et
example 1
Comparative 723 690 -33 5.93 i0/16 14/16
example 2

The results of the foregoing table are as follows: In the example 7 in which the body is raised linearly
and rapidly from the room temperature to 100° C, a lot of defects such as bubbles, pinholes and cissing are
observed in the photosensitive layer, that is, the photosensitive layer is inferior in state, thereby to make it
impossible to measure photosensitivity and adhesion of the photosensitive layer to the surface of the body.
Furthermore, in the example 8 in which the coating film is dried using the conventional drier, the
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photosensitive drum is inferior in photosensitivity and adhesion of the photosensitive layer to the surface of
the body. Moreover, when the photosensitive layer is observed, pinholes and a skinning phenomenon are
observed. This proves that the coating film is not uniformly and sufficiently dried in the above described
examples 7 and 8 and particularly, the coating film cannot be sufficiently dried to the inside thereof
irrespective of the fact that time which is three times that in the examples 1 to 6 is spent in drying the
coating film in the example 8.

On the other hand, the photosensitive drums obtained in the examples 1 to 6 are all superior in
photosensitivity as well as adhesion of the photosensitive layer to the surface of the body to those in the
examples 7 and 8. Moreover, when the photosensitive layer in each of the examples is observed, no
bubbles, pinholes, cissing and the like are observed, so that it is confirmed that the photosensitive layer is a
superior layer being free from defects. This proves that the coating film can be uniformly and sufficiently
dried to the inside thereof, thereby to make it possible to form a photosensitive layer which is free from
defects, is uniform and is small in internal stress in the above described examples 1 to 6.

Furthermore, when the above described examples are compared, it is confirmed that the photosensitive
drum in the example 3 in which the temperature rise is stopped once from the glass transmission
temperature on is smallest in internal siress and has a photosensitive layer superior in adhesion.
Consequently, it is presumed that the amount of the solvent remaining in the photosensitive layer can be
minimized in accordance with such a temperature rise pattern as in the above described example 3.

When the coating film is dried in the same manner as the above described example 3, the amount of
the solvent remaining in the coating film is measured at random by a pyrolysis chromatograph. This
measurement indicates that the amount of the solvent remaining in 1 mg of the coating film is decreased to
5x 102 to 1 ul/mg in a state where the temperature rise is stopped, that is, from the point Il to the point IV
in Fig. 19 and then, the amount of the solvent remaining in the photosensitive layer formed can be made
zero by the rapid temperature rise.

[INDUSTRIAL APPLICABILITY]

As described in the foregoing, the thermal treatment equipment according t0 the present invention is
suitable for, for example, formation of a functional thin film by drying a polymer coating fluid applied to the
surface of a pillar-shaped or cylindrical substrate, annealing of a plated film or a deposited film formed on
the surface of the subsirate, sintering of ceramics formed in a pillar shape or a cylindrical shape, and
hardening of metal because it can uniformly heat-treat an object to be heai-ireated. In addition, a method of
drying a functional thin film according to the present invention is suitable for drying of a functional thin film
such as a photosensitive layer of a photosensitive drum or an energized exothermic coating film made of an
energized exothermic coating having heating elements dispersed in an organic matrix because the surface
of the coating film can be prevented from being dried prior to the inside thereof to uniformly dry the coating
film to the inside thereof.

Claims

1. A thermal treatment equipment being characterized by comprising a cylindrical directly energized
ceramic infrared heater for heating a pillar-shaped or cylindrical object to be heai-treated from the
periphery with the object to be heat-freated being concentrically contained therein.

2. The thermal treatment equipment according to claim 1, wherein the cylindrical directly energized
ceramic infrared heater is constructed by arranging a plurality of plate-shaped ceramic heaters in the
shape of a prism which is polygonal in cross section.

3. The thermal treatment equipment according to claim 2, wherein the number of angles of the polygon is
six or more.

4. The thermal treatment equipment according to claim 2, wherein the cylindrical directly energized
ceramic infrared heater and the object to be heat-treated are relatively rotated at the time of heat
freatment.

5. The thermal treatment equipment according to claim 1, wherein the object to be heat-treated is in a

cylindrical shape, and a tubular or bar-shaped directly energized ceramic infrared heater having an
outside diameter smaller than the inner size of the cylindrical object to be heat-treated is concentrically

16



10

15

20

25

30

35

40

45

50

55

10.

11.

12,

13.

14.

15.

EP 0 456 829 A1

arranged in the cylindrical directly energized ceramic infrared heater.

The thermal treatment equipment according to claim 1, wherein a wavelength cutling filter for
transmitting only a component in a particular wave range of far infrared rays radiated from the
cylindrical directly energized ceramic infrared heater is interposed between the direcily energized
ceramic infrared heater and the object to be heat-treated.

The thermal treatment equipment according to claim 1, wherein the cylindrical directly energized
ceramic infrared heater is arranged with its axis being directed toward the approximately vertical
direction, and a pallet for holding the object to be heat-ireated in an upright state is provided so as to
concentricaily contain the object to be heat-treated in the directly energized ceramic infrared heater.

The thermal treatment equipment according to claim 7, wherein the directly energized ceramic infrared
heater has non-heated regions in both upper and lower ends thereof, and the pallet has a stepped
portion for holding the object to be heat-treated in a region other than said non-heated regions.

The thermal {reatment equipment according to claim 7, wherein ventilating means for circulating air
from the upper end to the lower end of the object to be heat-treated is arranged in the upper part of the
directly energized ceramic infrared heater, and the pallet for holding the object to be heat-treated is
provided with a vent hole through which the air from said ventilating means is passed.

The thermal treatment equipment according to claim 7, wherein a plurality of pallets are arranged on a
conveying rail for conveying said pallet, and the cylindrical directly energized ceramic infrared heater is
arranged so as to freely advance or retreat to or from the conveying path of the object to be heat-
treated conveyed by said conveying rail.

The thermal treatment equipment according to claim 10, which further comprises cooling means for
cooling the cylindrical directly energized ceramic infrared heater which retreats from the conveying
path of the object to be heat-treated conveyed by the conveying rail after heat-treating the object to be
heat-treated.

The thermal treatment equipment according to claim 11, wherein the outer periphery of the cylindrical
directly energized ceramic infrared heater is surrounded by heat insulating materials detachably from
the directly energized ceramic infrared heater, and the heat insulating materials are separated from the
directly energized ceramic infrared heater and separately cooled at the time of cooling said directly
energized ceramic infrared heater by the cooling means.

The thermal treatment equipment according to claim 12, wherein cooling means for cooling the heat
insulating materials separately from the directly energized ceramic infrared heater is a cooling pipe
inserted into the heat insulating material.

The thermal treatment equipment according to claim 11, wherein two directly energized ceramic
infrared heaters are arranged so as to alternately heat objects to be heat-treated by alternately
advancing or retreating to or from the conveying paths of the objects to be heat-treated conveyed by
conveying rails, and one of the directly energized ceramic infrared heaters is cooled by cooling means
at the time of heat-treating the object to be heat-treated by the other directly energized ceramic
infrared heater.

In a method of drying a functional thin film using the thermal treatment equipment according to claim 1
in which a pillar-shape or cylindrical substrate is raised fo a predetermined heating temperature and
heated for a predetermined time period, thereby to dry a coating film of a polymer coating fluid formed
on the surface of the substrate to form a functional thin film, the method of drying a functional thin film
being characterized in that the coating film of said polymer coating fluid is dried by predetermined
natural drying and then, the substrate is rapidly raised to the glass transmission temperature of the
entire coating film after film formation which is determined by the compositions in the polymer coating
fluid and the amount of mixture thereof and is gradually raised to a predetermined heating temperature
by decreasing the heating rate from the glass transmission temperature on using said directly
energized ceramic infrared heater.
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16. In a method of drying a functional thin film using the thermal treatment equipment according to claim 1
in which a pillar-shaped or cylindrical substrate is raised to a predetermined heating temperature and
heated for a predetermined time period, thereby to dry a coating film of a polymer coating fluid formed
on the surface of the substrate to form a functional thin film, the method of drying a functional thin film
being characterized in that the coating film of said polymer coating fluid is dried by predetermined
natural drying and then, the substrate is rapidly raised to the glass transmission temperature of the
entire coating film after film formation which is determined by the compositions in the polymer coating
fluid and the amount of mixiure thereof, is kept at the glass transmission temperature for a predeter-
mined time period and then, is raised to a predetermined heating temperaiure using said directly
energized ceramic infrared heater.
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