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DRYER. DRYER ASSEMBLY AND DRYING METHOD

| Technical Field

The present invention relates to a dryer, a dryer assembly
and a drying method that are applied for drying a to-be-dried

object using far infrared radiation.

Background Art

There has conventionally been known a di:'yer using far
infrared radiation. A far infrared radiator used in the dryer
is a.meta].. plpe whose outeJ;: surface is provided with a far infrared
layer, ceramics and the like. In such a dryer, hot air that is.
heated by a far infrared radiator is circulated in a drying furnace.
Such a hot air circulation mei:hod has generally been adopted in
a drying furnace. | _

Especially, in a cése where a to-be-dried object is a thin
£1lm board made from an epoxy resin on which acrylic resin is coaﬁed.
there have arisen 'problems that the to-be-dried object is heated
to a high temperature and as a result, the resin is burned or the
board is de_for:med when the to-be-dried object is ~c'ir:i.ed using far
infrared radiation having the most suitable wavelength for the
to-be-dried object. Therefore, a wavelength range of the far
infrared radiation has been shifted to the longer wave side from
the wavelength corresponding to the maximum absorbance and
thereby, a drying time becomes 1on§er and a quality of the product
is problematic.

Besides, impurities included in the dusts, a solvent in

resin and the like, generated fz_°om a to-be-dried object in a drying
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procesé . 1s mixed into hot air. .When the hot air containing such
mater:l.ais is c:l.rculaté@ in a drying furnace, the materials attach
to resist on a print board and cause inconveniences on the drying
process. For example, minute sized impurities in the hot air
stick to the surface of the resist, whiéh pro.duce. a cause for
electric short in the wiring. On the other hand, harmful gases
and the like generated in a drying process of resin or the like

are released into the atmosphere from the drying furnace, which

exerts an adverse influence on the environment.

The present invention has been made in order to solve the
above problems. and can irradiate a to-be-dried object with far
infrared radiation having an optimal wavelength in an effective
and effici.ent manner. It is accordingly an object of the present
:l.nventibn to provide a dryer and a drfin_g method that can reduce
a time to be required for drying without defdrmation of é. to-
be-dried object regardless of a kind and a thickness of the
to-be-dried object and can thereby achlieve an excellent dried
state.

It is another object to provide a dryer and a drying method
in which only clean hot alr is supplied in a m;‘mner such that
neither of impurities in dusts, solvent in z_'es:l.n and the like
generated from a to-be-dried object in a drying process reaches
a -surface of a print board or the like, and thereby, drying of
precision parts can be effected in a good yield, and in addition,
in which special consideration 1s given to environment so that
neither of harmful gas or the like generated in a drying. process
of resin or the like is released into the air from the drying

furnace.
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The disclosure of the invention

A dryer comprises:

a far infrared radiator that emits far infrared radiation
optimal for drying a to-be-dried o.b-jec1-:: | ._

a drying chamber in which far infrared radiation emitted
by the far infrared radiator is directed to the fo-be-dried object
to dry the to-be-dried object: |

a plenum chamber for preparing a downflow of hot air toward
the drying chamber;

a frame to which a plurality of the far infrared radiators
are mounted and wh:l_.ch is provided with an opening for jetting the
hot air that flows down from the plenum éhamber toward the drying
chamber; | .

. an elevating device for varying a distance between the
to-be-dried object and the .far infrared radiators:

a hot ailr closed circulation path for circulating the hot -
air that is heated up by heat generated from the far infrared
radiators; and

a control device for controlling a temperatﬁre in the drying
chamber, an irradiation time of far infrared radiation, a surface .
temperature of the far infrared radiator and a distance between
the far infrared radiator and the to-be-dried object.

A dryer comprises: |

a far infrared radiator that emits far infrared radiation
optimal for drying a to-be-dried object:;

a drying chamber in which far infrared radiation emitted

by the far infrared radiator is directed to the to-be-dried object



to dry the to-be-dried object:

a plenum chamber for preparing a dowhflow of hot air toward
the drying chamber:;

a frame to which a plurality of the far infrared Jf:adiators
are mounted and which is provided with an opening for jetting the
hot air that flows down from the plenum chamber toward the drying
chamber; |

an elevating device for moving thé blenum chamber and the
plurality of far infrared radiators, as one body, upward or
downward; |

a hot air closed circulation path for circulating the hot
air that i1s heated up by heat generated from the far infrared
radiators; and

a control device for controllir_lg a temperature in the drying
chamber, an irradiation time of far infrared radiation, a surface
temperature of the far infrared rad:l.ator; and a distance between
the far 1nfi:ared radiator and the to-be-dried obje_ct.

.A dryer comprises:

a far infrared radiator that emits far infrared radiation
optimal for drying a to-be-dried object:

a dry:l.tig chamber in which far infrared radiation emitted
by the fér infrared radlator is directed to the to-be-dried object
to dry the to-be-dried object;

a plenum chamber for preparing a downflow of hot air toward
the drying chamber;

an enclosure for enclosing the plenum chamber _and the far
infrared radiator;

a frame to which a plurality of the far infrared radiators



are mounted and wh_ich is provided with an 6pening for jetting the
hot air that flows down from the plenum chamber toward the drying
~ chamber; |

an elevating device for varying a distance between the
to-be-dried object and the far 1nfrared- radiatoi‘s:

a hot air closed circulation path for circulating the hot
air that is heated up by ﬁeat generated from the far infrared
radiator; and

a control device for controlling a temperature in the drying
chamber, an irradiation time of far infrared radiation, a surface
témperature of the far infrared radiator and a distance between -
fhe far infrared radiator and the fo-be-dr:l.ed object.

A dryer comprises: |

a far infrared radiator that emits far infrared radiation
optimal. for drying a to-be-dried object;

' a drying chambér in which far infrared radiation emitted
by the far infrared radiator is directed to the to-be-dried object
to dry the to-be-dried object:

a reflecting plate disposed on one side of the to-be-dried
object and an insulating material disposed on i:he other side,
wherein the reflecting plate is opposed to the fa_r infrared
radiator;

an elevating device for varying a distance between the
to-be-dried object and the far infrared radiators;

a first exhaust duct for discharging a gasified solvent or
the like from the to-be-dried object in the dryiné chamber to the
atmosphere;

a second exhaust duct for discharging hot air that



circulates in the drying chamber:;

a hot air closed circulation path for circulating the hot
alr that :|.§ heated up by heat generated from the far infrared
radiator; and |

a control device for controlling a temperature in the drying
chamber, an irradiation time of far infrared radiation, a surface
temperature of the far infrared radiator and a distance between
the far infrared radiator and the to-—be—dri_ed object.

In the dryer,the far infrared radiator includes: a. far
infrared _radiat:l.on layer provided on a surface of a curved metal
plate; a heating device for heating the metal plate; and a
holding/shaping plate for holding the metal plate in .a curved
shape and/o:f making the ._metal plate assume é curved shape.

In the dryer , the hot_ air closed circulation path is a closed
path through which the hot air circulates from the drying chamber
through the plenum chamber again to the dr&ing chamber.

The dryer, further 'compz-'ises a gas molecule decomposition
device that is provided in the ﬁot air closed circulation path
for cleaning the hot air that fldws down from the plenum chamber.

In the dryer,the gas molecule decomposii::Lon device is
located bei:we_en the plexium chamber and the far infrared radiator
at a site close to the far infrared radiators.

In the dryer,the gas molecule decomposition device has a
radical reaction chamber in the enclosure for removing a gas
molec-ul'e included in the hot air by a radical reaction.

In the d;"yer,the gas molecule decomposition device is
located at a position downstream from the drying chamber.

The dryer, further comprises: a catalyst device and a filter



device in the hot air closed circulation path in addition to the
gas molecule decomposition device.

In the dryer,the filter device is provided in the plenum
chamber. |

In the dryer,the gas molecule decomposition device includes
a heating dévice, a heat exchanger or a heat accumulator.

In the dryer,the heat accumulatér has a structure in which
aplurality of pipes made of a material with good heat conductivity .
are arranged at predetermined intervals.

In the dryer, the far infrared radiator emits far infrared
radiation from abové and below the to-be-dried object.

In the dryer, the far 1nfrared';adiator 1s arranged above
or below the to-be-dried object and a refiecting plate that
reflects far infrared radiation emitted from the far infrared
radiator is disposed bélow or above the to-be-dried object.

In the dryer,the'drying chamber includes an enclosure -
comprising a reflecting ﬁlate disposed on one side of the to-
be-&ied object and an insulating material disposed on the other

side of the to-be-dried object.
| In the dryer, an interior of the enclosure constitutes a
radical reaction chamber.

' The dryer, further comprises: an exhaust path for discharging
the hot air that is c:l.rculélt:l.ng in the hot air closed circulation
path into the atmosphere; and a removal device provided in the
exhaust path for preventing impurities in the hot air from being
discharged into the.atmosphere; |

In the dryer, the exhaust path comprises: a first exhaust duct

-for d:l.scharging a gasified solvent or the like from the to-



be-dried object in the dryirig chamber into the atmosphere; and
. a second exhaust duct for discharging the hot air that is
circulating in the drying chamber to the atmosphere.

In the dryer,a surface temperature of the to-be-dried object
is set to a predetermined temperature through control by the
control device of at least one of the parameters including a
temperature in the drying chamber, a surféce temperature of the
far infrared radiator, an irradiation time of far infrared
radiation and distance between the far infrared radiator and the
to-be-dried object. |

In the dryer,the control device controls at least one of
parameters including a temperature in a drying chamber, a surface
temperature of the.far infrared radiator, an irradiation time of
far infrared radiation and a distance befween the far infrared
radiator and the to-be-dfied object so that no deformation of the
to-be-dried object occurs.

In the dryer, the to-be-dried object includes a thin board .
made of acrylic resin and a surface temperature of the board is
set in the range of from about 50°C to about 90°C.

In the dryer, the to-be-dried object includes ai thin board
made of polycarbonate resin and a surface temperature of the board
is set in the range of from about 70°C to about 75°C.

. -In the dryer, the to-be-dried object includes a thin board
made of epoxy resin and a surface temperature of the board is set
in the range of from about 120°C to about 145°C.

In the dryer , the to-be-dried object includes a thin board
méde of aluminum and a surface temperai:ure of the board is set

in the range of from about 100°C to about 175°C.
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The dryer assembly comprises a plurality of the dryers , each

as a unit, parameters in each dryer including a temperature in

.a drying chamber, an irradiation time of far infrared radiation,

a surface temperature of the far infrared radiator and a distance
between the far infrared radiator and the to-be-dried object are
independently controlled.

In the dryer assembly ,1h at least one bf the parameters in
each dryer including a temperatux_*e in a drying chamber, an
irradiation time of far infrared f:ad:l.at:l.on, a surface temperature
of the far infrared radiator and a distance between the far
infrared radiators and the to-be-dried object is differently set’
from the other dryers.

In the dryer assembly ,a temperature in a di'ying chamber is
set to the lowest on the inlet side of the to-be-dried objects
in a dryer. |

In the dryer assembly, the dryer hses insulating material
for a frame.

The dryer assembly comprises an uitraviolet radiator for
irradiating the to-be-dried object with ultraviolet after the
_to-be-dried object is irradia‘ted with far i'nfj:ared radiation £from
the far infrared radiator. |

In the dryer assembly,an irradiation dose of ultraviolet
emitted from the ultra_violet radiator is in the range of from about
300 to about 600 mJ/cm?.

The dryer assembly comprises an ultrav:j.olet radiator for
irradiating each to-be-dried object with ultraviolet before the
to-be-dried object is irradiated with far infrared radiation from

the far infrared radiator.



The dryer assembly comprising a'plurality of the dryer
comprises a microwave radiator for.irradiating the to-be-dried
object with microwave before the to-be-dried object is irradiated
with far infrared radiation from the far infrared radiator.

The dryer assembly further comprises transport means for
transporting the to-be-dried object between the plurality of
dryefs ., between the dryer and the ultravidlet radiator, or between
the dryer and the microwave radiator.

In the dryer assembly, transport means is provided with
transmission means for transmitting a microwave, far infrared
radiation and ultraviolet.

A drying method comprises:

a stép of changing a wavelength range of far infrared
radiation in order to supply far inffared radiation optimal for
drying a to-be-dried object by chang_ing a surface temperature of
a metal plate from which the far infrared radiation is emitted;
| a step of setting a surface temperature for setting a
surface temperature of the to-be-dried object to a predetermined
temperature by controlling a distance between a far infrared
radlator and fhe to-be-~-dried object:

a step of irradiating the to-be-dried object with far
infrared radiation of the predetermined wav'elengfh from the far
infréred radiator; and

a step of supplying hot air heated up by using heat generated
from the far :l.hfrared radiator to the to-be-dried object through
a hot air closed circulation path.

~ A drying method comprises:

a step of changing a wavelength range of far infrared
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radiation in order to supply far infrared radiation optimal for
drying a to-be-dried object by changing a surface temperature of
a metal plate from which the far :I.nfrared radiation is emitted;

a step of setting a surface temperature for setting a
surface temperature of the to-be-dried object to a predetermined
temperature by controllirig a distance between a far infrared
radiator and the to-be-dried object: |

- a step of irradiating the to-be-dried object with far
infrared radlation of the predetermined wavelength from the far
1nfi'ared radiator;

a step of supplying hot air heated up by using heat generated
from the far infrared radiator to the to-ﬁe-dr:l.ed object through
a hot air closed circulation path; and

a step of irradiating the to-be-dried object with
ultraviolet after the to-be-dried object is irradiated with far
inf_rai-ed radiation.

In the drying method ,an ilrradiation dose of ultraviolet

emitted from the ultraviolet radiator is in the range of £rom about

300 to about 600 mJ/cm’.

A drying method comprises:
a step of :l.rrad:l.ating a to-be-dried object with
ultraviolet; |

a step of changing a wavelength range of far infrared
radiation in order to supply far infrared radiation optimal for
drying the to-be-dried object by changing a surface temperature

| of a metal plate from which the far 1nfi‘ared radiation is emitted;
a step of setting a surface temperature for setting a

surface temperature of the to-be-dried object to a predetermined
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temperature by controlling a distance between a far infrared
radiator and the to-be-dried object;

~a step of irradiating the to-be-dried object with far
infrared radiation of the predetérmined wavelength frém the far
infrared _rjadiator: and .

a step of supplying hot air heated up by us_ing heat generated
from the far infrared radiator to the to-be-dried object through
a hot aii' closed circulation path. |

A dryihg method comprises:

a step of 1irradiating the to-be-dried object with a
microwave;

_ a step of changing a wavelength range of far infrared
radiation in order to supply far infrared radiation optjmal for
' drying a to-be-dried object by changing a surface temperature of
a metal plate from which the far 1nfrared radiation is emitted;

a step of setting a surface temperature for setting a
surface temperature of the to-be-dried object to a predetermined
temperature by controlling a distance between a far infrared
radiator and the to-be-dried object; _

a step of irradiating the to-be-diried 6b'ject with far
infrared radiation of the predetermined wavglengfh from the far
infrared radiator; and |

a step of supplying hot air heated up by using heat generated
from the far infrared radiator to the to-be-dried object through
a hot air closed circulation path.

A di‘yiné method comprises:

a step of changing a wavelength range of far infrared

radiation in order to supply far infrared radiation optimal for
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drying a to-be-dried object by chan'ging a surface temperature of
" a metal plate from which the far infrared radiation is emitted;

~ a step of setting a surface temperature for setting a
surface temperature of the to-be-dried object to a predetermined
temperature by controlling a distance between a far infrared
radiator and the to-be-dried object;

a step of supplyinghot air ﬁeated up by using heat generated
from the far infrared fadiator to the to-be-dried object through
a _hot air cloéed circulation path; ' |

a step of irradiating the to-bé-dried object with far.
infrared radiation of the predetermined wavelength from the far
infrared radiator; and

a step of supplying hot air heated up by using heat producgd
from the far infrared radiator after cleaning the hot alr to the
to-be-dried object through a hot air closed circulation path.
43. In the drying method according to any of claims 37, 38, 40',
41 or 42, the hot air supplied to the to-be-dried object is prepared '
from a plenum state as a downflow.

' In the drying method..the far ':I.nfrared radiation of a
wavelength in the -range of from about 3 pm to about 6 pm
corresponding to the maximum absorbance inherent to the to-
be-dried object is selected in thé step of changing the wavelength
range of far infrared radiation. .

The drying method, further comprises a stép of cleaning for
causihg a radical reaction by gas decomposition of impurities in

the hot air that circulates in the hot air closed circulation path. |

Brief Description of the Drawings
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FIG. 1 is a graph showing a relationship between a surface
temperature of a to-be-dried object with a distance between the
to-be-dried object and a far infrared radiator;

FIG. 2 is a graph showing a relationship between a surface
temperature of a to-be-dried object with a radiation wavelength
of a far infrared radiator;

FIG. 3 is a schematic sectional view of a far infrared
radiator; | _

FIG. 4 is a front view showing a dryer of an embodiment
according to the present invention;

FIG. 5 is a £front view showing a dryer of another embodiment
according to the presentlinvention; |

FIG. 6 is a schematic view showing a main portion of a dryer
equipped with a ‘heat accumulator according té the present
invention; |

FIG. 7 is a front view showing a dryer of still another'
embodiment according to the.bresent invention;

FIG. 8 is a side view showing a dryer assembly according
to the present invention;

FIG. 9 is a const:uCtion illustration showing a dryer
assembly of another embodimeni according to the presenf
invention; |

FIG. 10 is a construction illustration showing a dryer
assembly of still another embodiment according to fhe present
invention; and

FIG. 11 is a construction illustration showing a dryer
assembly of yet another embodiment according to the present

invention.
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Best Mode to Carry Out the Invention

A to-be-dried body comprises: a metal plate made of a metal
such as aluminum or a synthetic resin board made of synthetic resin
such as acrylic resin, epoxy resin and polycarbonate resin; a
‘'synthetic resin layer coated_ thereon made of a resin s_uch as ﬁhen_ol
resin, epoxy resin and urethane resin; copper paste; silver paste;
solder; and so on. Further, the to-be-dried object may be
constituted of food, wood and the like as well. First and second
embodiments described below 1illustrate cases where to-be-
dried-objects such as print boards made of epoxy rgs:l.n on which
resists containing acryl:l._c resin, epoxy resin -and the like are
coated are dried, but the preselit invention is not 1imited to
drying of such to-be-dried objects.

In general, a wavelength and a surface temperature of a far
infrared radiator have a relationship therebetween and a surface
: temperatﬁre of a to-be-dried object varies according to a distance
between the far .1nfrafed radiator and the to-be-dried object;

FiG. | 1 shows a relationship between a wavelength and a
surface temperature of a to-be-dried object. As shown in FIG.
1, as a wavelength is shorter, the surface temperature of the far
infrared radiator is higher. That 1s, according to the Figure,.
a surface temperature of the far infrared radiator is ranged f£from
about 540°C to about 170°C_ in the range of from 3.58 to 6.46 um
in wavelength.
| FIG. 2 shows a surface temperature of a to-be-dried object
obtained by changing a distance between a far infrared radiator
and é to~be-dried object using the far infrared radiator whose

output is 340 watt, surface temperature is 540°C and wavelength

15



, -

1s 3.58 pum.  In this case, the 'to'-be-dried_ body in use was a
aluminum plate of 0.6 mm thickness. According to the Figure,
surface temperatures of the to-be-dried object are rangéd from
about 150°C to about 70°C at distances ranged from 50 to 150 mm.

In such a way, a fgr infrared radiation waveléngth rahge
for emitting a far infrared radiation which is optimal for drying
a to-be-dried object is set while changing a surface temperature
of a metal plate from which a far infrared radiation is emitted.
The surface temperature of the to-be-dried object is set to a
predetermined temperature by controlling the distance betweén the
far infrared radiator and the to-be-dried object. After that,
a far infrared radiation 6f the set wavelength is emitted from
the far infrared radiator to thé to-be-dried object. Hot a:j.r
created by using a heat generated from the far infrared radiator

is supplied to the to-be-dried object through a closed circulation

~path for hot air.

In the far infrared radiator 1 used here, as shown in FIG,
3, a far infrared radiation layer 3 is provided on a metal plate
2 such as aluminum or stainless éteel w:l.j:h almost circular shape
with a convex of a predetermined curvature R and the métal plate
2 1s heéted to a predetermined temperature with a heating device
4 such as a coll. Setting of temperature of the far infrared
_radiator is 'adjustable at three levels. The far infrared radiator
emits far infrared radiation of a wavelength ranged from about
3um to about 6m that corresponds to the maximum absorbance of.
aresin mater:l.ai that i1s coated on a board of the to-be-dried object.
Further, a holding/shaping plate 6 having a holding/shaping

portion 5 is combined with the metal plate 2 in order that the
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metal plate 2 holds its shape w:i.thbut deformation to be caused
by heat and/or assumes é predetermined shape.

Further, insulating plates 8 are respectively prbv:l.ded
between the coil 4 and the metal plate 2, and between the coil
4 and the hoiding/ shaping piate 6. Reference mimeral 7 indicates

a socket and reference numeral 9 indicates a lead wire.

First Embodiment

FIG. 4 is a front view showing a dryer of an embodiment |
according to the present invention. A dryer 10 of the embodiment .
as described in the Figure, comprises:. a drying chamber 12 for
-_dry:l.ng a to-be-dried object 11; a transport belt 13 that is
provided in the drying chamber 12 while extending :l.n. a
longitudinal direction for transportation of the -to-be-dried-
object 11 and which forms a planar transport path.; frames 14 made
of stainless steel, disposed above and below tﬁe transport belt
i3; a plurality of far infrared radiators 15 arranged between the
frames 14 in a staggered manner; a hot air closed circulation path
17 for supplying hot air including the heat generated from the
far infrared radiators 15 to the drying chambér 12 through a
circulation path 16; a plenum chamber 18 for preparing a downflow
of the hot air introduced from the circﬁlat:l.o'n path 16 t_oward the
drying chamber 12; and an exhaust path 19 for dischar;ging part
of the hot air into the atmosphere. Herein, the frames 14 of the
dryer 10 are made from heat insulating material.

The far infrar_ed radiators 15 disposed below the transport
belt 13 may bé replaced with a stainless steel reflecting plate.

Further, a far infrared radiation layer that emits far infrared
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radiation is preferably provided on the reflecting plate. Still
further, it is acceptable that a stainless steel reflecting plate
is disposed instead of the far infrared radiators 15 arranged
above the transport belt 13 and the far infrared radiators 15 are
arranged below the transport belt 13.

The hot air is madé to flow down toward openings 23 provided
in the frame 14 frqm the plenum chamber 18 and the hot air passing
through the openings are jetted into the _dry:i.ng chamber 12. The
plenum chamber 18 is connected to the circulation path 16 at one
side thereof througl_l a flexible tube. Further, the far infrared
radiator has the same structure as that of FIG. 3.

The frames 14 to which the fai:' infrared radiators 15 are
mounted and the i)lenum 18 are fixed to a drive device 20 which
serves as elevating means and they, as one body, are movable upward
and downward within a range of 10 to 300 mm. By' the movement,
a distance between the to-be-di::l.ed object 11 and the far infrared
radiators 15 can be changed. On the other hand, a distance between
the frames 14 and the plenum chamber 18 is kept consfant.

A temperature_ in t.he drying chamber 12 is controlled so as
to be a predetermined temperature all time. That is, when a
~ temperature in the drying éhmnber 12 exceeds the predetermined
temperature, an adjusting valve 21 that is provided in thé exhaust
path 19 is opened. Then part of. the hot aii:' which circulates
inside the drying chamber 12 _is released to the atmosphere,
thereby reducing a temperature of the circulating hot air. In
this way, a temperature of the hot air generated' by the heat of
far infrared radiation in the drying chamber 12 is controlled by

the adjusting valve 21 and thereby the hot air at a predetermined
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temperature is supplied into the driring chamber 12 all the time.
The hot air generated from- the far infrared radiators 15
is ciréulated in the dryer from the drying chamber 12 by a
circulation blower 22 that is disposed below the drying chamber
12. That is, the hot _aj.r is introduced from the drying chamber
12 through the circulation path 16 into the plenum chamber 18
disposed above the drying chamber 12. Then, the hot air is forced
to flow down toward the openings 23 provided in the frame 14 from
the plenum chamber 18 and further jetted into the drying chamber
12 through the openings 23., thus completing a hot air closed
circulation path. |
. The drying chamber 12 is constituted of a space in which
the to-be-dried object is accommodated. The drying chamber 12
may furthei' be connected to an inert gas supply apparatus (not
shown). That is, an inert gas, for example, nitrogen gas,' may
be :Lnj:roduced into the hot air. By introducing nitrogen gas into |
the drying chamber 12, oxidation of d resiﬂ of the to-be-dried
object can be reduced during a d.r_ying' process and thereby,
re-oxidation of the resin is prevented from occurring. Hence,
a film quality of the dri_ed resin can be 1mprovéd. Further, a
solvent generated from the resin is mixed with nitrogen gas and |

com'plétely discharged from the drying chamber.

Second Embodiment

FIG. 5 is a front view showing a dryer of another embodiment
according to the present invention. A dryer 10 of the embodiment .
as described in the Figure, comprises: a drying chamber 12 for
drying a to-be-dried object 11; a transport belt 13 that is
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provided in the drying chamber 12 while extending in a
longitudinal direction for transportafidn of the to-be-dried
object 11 and which forms a planar transport path; frames 14 made
of stainless steel, disposed above and .below transport means: a
plurality of far infrared radiators 15 arranged in the frames 14
in a staggered manner; a gaé molecule decomposition device 30 as
a hot air cleaning device disposed abové the frames 14, for example
a heat accumulatér: a hot air closéd circulation path 17 for
supplying hot air :I.nclud:l.n_g the heat generated from the far
infrared radiator 15 to the drying chamber 12 throﬁgh a
circulation path 16; a plenum chamber 18 for preparing a downflow
of the hot air introduced from the circulation path 16 toward the
drying chamber 12; and' an exhaust path 19 for discharging part
of the hot air f:o the atmosphere. Herein, the frames 14 of the
dryer 10 are made from heat insulating material.

The far infrared radiators 15 disposed below the transport.
belt 13 may be replaced with a stainless steel reflecting plate.
Further, é far infrared radiation layer that emits far infrared
radlation is preferably provided on the reflecting plate. Still
further, it is acceptable that a stainless steel reflecting plate
is disposed instead of the far infrared radiators 15 arranged
above the fransport belt 13 and the far infrared radlators 15 are
arranged below the transport belt 13.

The hot air is mad_e to flow down toward openings 23 provided
in the frame 14 from the plenum chamber 18 and the hot air passing
through the openings are jetted into the drying chamber 12. The
plenum chamber 18 is connected to the circulation path 16 at one

side thereof through a f£flexible tube. The far infrared radiato:_:'
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has the same structure as that of FIG. 3. The hot air closed
circulation path 17 is a closed circuit in which the hot air
circulates from the dry:!.ng chamber 12 through the plenum chamber
18 again to the drying chamber 12.

The frames 14 to which the far infrared radiators 15 are
moum_:ed and the heat accumulator _30 _and the pienum chamber 18 are
fixed to a drive device 20 which serves as elevating means, which
can be moved upward and downward within a range of 10 to 300 mm
by elevating means. By the movement, a distancé betﬁeen the
to-be-dried object 11 and the far infrared radiators 15 can be
changed. On the other hand, distances between the frames 14, the
heat accumulator 30 and the plenum chamber 18-are kept constant.

FIG. 6 is a schematic view showing a main portion of a dryer
equipped with a.heat accumulator. The heat-accumulator 30 has
a structure in which a plurality of pipes 35 made from copper with
a good thermal efficiency are fixedly arr&nged on the frame 14
at predetermined pitches. Radiation fins 36 are fast held on the
surface of each pipe 35f In this case, the heat accumulator 36
is heated up to about 400°C. Therefore, the hot air is heated
up when it passes through the heat accumulatqr'30.

The hot air cleaning device may be disposed aﬂywhete in the
hot air closed circulation path 17. The hot gas cleaning device
comprises the gas molecule decémposition device. 30. Themolecule
decomposition device heats up the hot air including impurities,
mist_and carbon-likg materials to about 400°C to decompose gas
moledules through oxidation. In this way, the impurities and the
like in the hot air supplied to the to-be-dried object are removed

and the cleaned hot air is eventually supplied.
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The gas molecule decomposition device can assume various
kinds of structure. In the present invention, :i_.n order to
effectively utilize the heat produced by the far infrared
radiators 15, the plurality of copper pipes 35 with a good heat
conductivity are arranged at predetermined intervals. Further,
fins are provided on each of the copper pipes 35 in order to
increase a thermal efficiency. The copper pipes 35 ‘are heated
up to about 400°C through heat accumulation by the heat. .It is
préferred in terms of a heat accumulation effect that this
decomposition .dev:l.ce 30 is located at a site as close to the far
infrared radiators 15 as possible.

Further, the dryer 10 is provided with a radical reaction
chamber 32. An enclosure 31 that is extendable and contractable

and which is made from a heat resistant material is disposed

between the frame 14 and _thé plenum chamber 18. A space that is

formed by the enclosure 31 constitutes the radical reaction

‘chamber 32. The radical reaction chamber 32 is provided with a

heating device or a heat accuniulator. Impurities in the resiri
in the hot air, niist and carbon-like materials included are
decomposed by the action of free radical reactions caused by the
heat when the impurities and the others pass through the heating
device or the heat accumulator.

In this .way, the radical reaction chamber 32 decomposes

various kinds of materials included in the resin, which are

- generated in a drying process of the resin and impurities, mist

and carbon-like materials ':I.ncluded in the hot air which is
supplied toward the drying chamber 12 from the plenum chamber 18

in a uniform manner are decomposed. Hence, the radical reaction .
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chamber 32 repeatedly decomposes .the materials such as the
impurities and thereby the hot .air that is introduced into the
drying chamber 12 from the radical reaction chamber 32 becomes
clean without any such materials included therein.

In description in more detailed manner, dust, mist and
impurities remaining in the hot air guided into the plenum chamber
'18 through the hot air closed circulation path 17 are
: ox:l.dat:l.on-_decompqsed to be gasified when t_he i_mpurities and the
_:I.:lke pass i:hrough the heat accumulator that makes up' the radical
reaction chamber; Gases that are produced by gasification goes
up to the piénum chamber 18. In such a manner, oxidation
decomposition.-. of the impurities and the like is repeatedly
conducted in the radical reaction chamber 32. Therefore, the hot
alr supplied to the drying chamber 12 are cleaned free of
impurities in mist and dust. Then thus cleaned hot air is jetted
to the to-be-dried object 11 in the drying chamber 12 from the
openings '2_3 provided in the frame 14. The plenum chamber 18 may
be provided with a .f:l.lter. 24 for cleaning the hot air.

It should be noted that the heat accumulator 30 is not
limited to the structure as shown in the Figure but can be of other
structures. Further, a heating device may be substituted for the
heat accumu_lator 30. A temperature of the heating device is
raised to about 400°C.

Besides, the hot air including a solvent in the resin and
impurities in tﬁist and dust generated in the course of drying of
the to-be-dried object flow§ from the drying chamber 12 to the
circulation path 16. Then, the impurities and the like included

in the hot air are removed when the impurities and the like pass
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through a catalyst device 37 provided in the circulation path 16,
for example a catalytic layer having a catalyst that adsorbs a
solvent in the resin, and impurities in mist and dust. Therefore,
the impurities and the like included in the hot air that has passed
th:dugh the catalyst device 37 are reduced in quantity. Further,
the hot air with less impurities reaches the heat accumulator 30,
that is the radical reaction chamber 32, through the plenum
chamber 18 and during the passage through the chambers, the
impurities are further decreased. Further, the hot air passes
through the filter 24_, thereby decreasing the impurities
~ additionally. As aresult, the hot air fhat has been cleaned free
o.f the impurities is eventually supplied to the drying charnt;er
12.

Besides, in the Figure, transport means is provided along
the longitudinal direction of the dryej':. As the transportation'
means, generally, a belt conveyor made from a heat resistant
. rubber is used. When a belt cdnveyor or the like is used as
transport means, various kinds of dust particles are generated
from the conveyor itself during the transportation. i{ence, there
occurs a chance of the dust particles attaching to a to-be-dried
object.

Therefore, such a belt canhot be used for ‘a to-be-dried
object that does not allow attachment of the particles to itself
for an adverse effect. For example, 'it is not preferred that the _
belt is used for drying electronic parts such as a print board.
In order to avoid such an inconvenience, a structure is here
- proposed, in which the transport device employs a plate member

extending along a longitudinal direction that emits far infrared
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radiation and the plate member is provided with many small holes
therein. Further, cleaned air is jetted out toward the surface
of the to-be-dried object from the small holes. That is, the
‘to-be-dried object is transported in a floati_ng state from a
support surface of the transport device with a small clearance
tﬁerebetween. In such a way, impurities such as various kinds
of particles dispersed in the drying chamber 12 and impurities
are prévented from attaching 'fo a print board. .
Further, in order to avoid release of impurities and harmful
gases into the atmosphere when fhe hot air is discharged into the
atmosphere, as described above, a removal device constituted of'
an absorption layer that absorbs the :I.mpurities and harmful
materials, for example an active carbon 1ayer 25, may be placed
in the exhaust path 19. Iﬁ this case, since the hot air that are
supplied to the exhaust path 19 is cohs:l.derably hot in temperature,
the hot air to be discharged is preferably heat exchanged with
a cdol:l.ng layer provided in the exhaust path 19 in order to decrease
a temperature of the hot air by air cooling when the hot gas is

discharged.
Third EFmbodiment

FIG. 7 1s a front view showing a drier of still another
embodiment according to the present invention. In a dryer 40
shown in thé Figure, a frame 42 of the dryer 40 is made from a
heat insulating material. A portion 43 of a side wall of the frame
42 can be demounted for a maintenance purpose. A drying chamber

32 that :I.s'provid'ed in the frame 42 is enclosed by an enclosure
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48 provided with a reflecting plate 44 and heat insulating plates
- 46. It should be noted that the reflecting plate 44 is preferably
'provided with a far infrared radiation layer which emits far
infrared radiation on the side opposed to far infrared radiators
15. The drying chamber 32 is provided with a transport belt 13
for transportation of a to-be-dried object along a longitudinal
direction. Far infrared radiation is emitted from a plurality
of the far :I.ﬁfrared radiators 15 that are arranged above the
transport belt 13 toward the to-be-dried object. Air in the
drying chamber 32 is heated by heat provided from the far infrared
radiators 15 to be hot air and .1s circulated along the oufside
of the enclosure 48. It should be noted that a distance between
the to-be-dried object and the far infrared radiators 15 can be
changed by_ a elevating device (nbt shown) .

The reflecting plate 44 constituting the enclosure 48 is
disposed below the transport belt 13, while the heat :l.nsulat:l.ng
plates 46 are disposed above the transport belt 13, énd to the
left and right sides of the transport belt 13.

The upper heat insulating plate 46 constituting the
enclosure 48 is provided with mahy small holes for introducing
the hot air that circulates in the dryer 40 into the drying chamber
32 in the enclosure 48. A gas molecule decdmposition device 30
i1s preferably provided in a hot air circulation path in order to
introduce the hot éir in circulation from which impurities and
the like included thereih are removed to be clean into the drying
.chamber 32. For example, the gas molecule decomposition device.
30 is preferabiy disposed in a space between the heat insulating

plate 46 constituting the upper surfacé of the enclosure 48 and
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the far infrared radiators 15, or on the heat insulating plate
46. The gas molecule decomposition device 30 is provided with,
' for example, the heat accumulator as described in a second
. embodiment. It should be noted that by disposing the gas molecule
- decomposition device 30 in the enclosure 48 as described above,
a radical reaction chamber is _formed in the enclosure 48, that
is, in the drying chamber 32. |

Further, the far infrared radiators 15 can be arranged below
the transport belt 13. In this case, the reflecting plate 44 is
disposed above the transport belt 13, while the heat 1nsu;ating
-plates 46 are respectively disposed above the transport belt 13
and to the left and right sides thereof.

Furthermore, the dryer 40 has a double exhaust duct in the
upper frame. The lnner exhaust duct 50 of the double exhaust duct
is used for discharge of a gasified solvent or the like froin a
to-be-dried objéct in the drying chamber to the atmosphere, while
the outer exhaust duct 52 is used for discharge of the hot air
that circulates in the drying chamber to the atmosphere.

Still furthermore, there is provided in the dryer 40 a hot

air circulation path for circulation in the dry:l.ng chamber of the

hot air whose temperature is raised by heat generated from the

far infrared radiators. Yet furthermore, there is provided in
-the dryer 40 a éontrol device for controlling a temperature in
the drying chamber, an irradiation time of far :Lnfrared radiation,
a surface temperature of a far infrared radiator, and a distance

between a far infrared radiator and a to-be-dried object.

Fourth Embodiment
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FIG. 8 1is a schematic sectional view showing a dryer
assembly 56 according to the present invention that comprises a
plurality of dryers described in any of the first to third
embodiments. Hereiln, the same constituents of each of the first
to third embodiments are indicated by the same reference numerals.

In the Figure, each dryer uées an insulating'materiél for
the frames. A temperature in the drying chamber, an :I.rradiation
time of far infrared radiatioﬁ, a surface température of a far
infrared radiator, and a distance between a far infrared radiator
and.a to-be-dried object in each of the dryers are independently
controlled.

At least one of the parémetefs inl each of dryers including
a temperature in a drying chamber, an irradiation time of far
infrared radiation, a surface temperature of a far infrared
radiator, and a distance between a far infrared radiatop and a
to-be-dried object is differently set from the other dryers, or
the parameters in the dryers are set to be all same between the
dryers. Further, a temperature in the drying chamber is set to
the lowest on the transport inlet side. |

By sétting the parameters in an arbitrarily'proper'manner
in each dryer, drying can be performed in elaborately-selected
optimal conditions. Therefo;fe , a dried product with an excellent
quality can.be attained. The contréls of the parameters are
performed by a control device 58 equipped to the dryer assembly
56-.

Further, control on a voltage or a current of each dryer

1s effected using a voltage-controlled element or a current-
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controlled element, thereby enabling power consumption to be

reduced.
Fifth Embodiment

FIG. 9 is a conétruction illustration showing a dryer
assembly of another embodiment according to the present invention.
In the Figure, a dryer assembly 60 comprises: dryers 10A, 10B and
10C; and an ultraviolet rad:l.étor 62 provided at a stage following
the dryer 10C, which serves in the process after the far iﬁfrared
irradiation. The dr_ye_r assembly 60 uses the dryers respectively
described in any of the first to third embodiments. It should
be noted that there is no specific limit to three units of the
dryer in the dryer assembly but one unit or more than one units
- may be included.

Table 1 shows setting conditions. for the respective dryers
that used when to-be-dried objects each of which has a structure
in which a resist film including acrylic fesin and epoxy resin,
300 um thick, is coated on a print board made of epoxy resin aré
dried, using the dryer assembly 60 with the construction of the
Figure; wherein a size of each print board is 620 mm wide and 550

mm long and 1 mm thick.

Table 1

specimen 10A 10B 10C
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a print _
surface temperature of radiation irradiation

board
radiator distance time
(epoxy :
_ {°C) (rm) (sec)
resin)
450 450 450 _130 180

surface temperature of
to-be-dried object
o (°0)
51 53 62

That is, the set conditions were such that: a surface
temperature of the far infrared radiators of each dryer was 450°C,
a distance between the surface of each set of the far infrared
radiatdrs and the board surface of qach to-be-~-dried object (along
a verticél direction) was 130 mm, an irradiation time for each
dryer was 180 sec.and.a.wavelength of far infrared radiation in
use was ranged from 3.98 to 4.63-um. Further, in this embodiment,.
the other conditions were set in the following manner:
températures of the board of each to-be-dried objects were about
51°C in the dryer 10A on the inlet side, about 53°C in the dryer
10B in the middle position and about 62°C in the dryer 106 on the
outlet side. When dried under these conditions, bubbles occurred
in the resist coated on each print board and a copper was discolored,'
which showed that the results were poor.

Therefore, the resists of such defective print boards were
irradiated_with ultraviolet. Conditions employed for each
spécimen were that an irradiation time was about 10 sec, and

irradiation doses were 100 mJ/cm?, 300 mJ/cm? and 600 mJ/cm?.

30



Results of ultraviolet irradiation were such that as the doses
were applied in the order of 100 mJ/cm?, 300 mJ /cm? and 600 mJ/cm? .
formation of bubblés and copper discoloration were increasingly
decreased at levels, wherein an excellent result was obtained
especially at the irradiation dose of 600 mJ/cm®*. In this
ultraviolet irradiation, a wavelength of ultraviolet used was
particularly 365 nm in the range df_from 100 to 400 nm.

Thus, it is found that irradiation of ultraviolet after the
far infrared irradiation of resist of a print board is effective
for drying the resist on a print board. Further, an irradiation
dose of.ultraviolet was preferably 100 mJ/an'or more and moré
preferably in the range of from 300 mJ/cm® to 600 mJ/cm?, where
better dry conditions than the former doses were obtained. 1In
_such a way, sufficient drying results ﬁere obtained by adjustmént
of the following parameters in each of the dryers 10A, 10B and
10C: a surface temperature of the far infrared radiators, a
distance betweeh the surf&ces of the far infrared radiators and.
the to-be-dried object, an irradiation time, whether or not
ultraviolet irfadiation is apﬁlied and an irradiation doses of
ultraviolet. _

Further, FIG. 10 is a construction illustration showing
still another dryer assembly according to the present invention.
" In the Figure, a dryer assembly 70'may'comprise: dryers 10A, 10B
and iOC; and an ultraviolet rédiator 62 that can be provided at
a stage precedixig the dryer 10A, which can serve in the preceding
process of the far infrared irradiation. The dryer assembly 70
uses the dryers described in any of first to third embodiments

as the dryers 10A, 10B and 10C.

t
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On the other hand, FIG. 11 is a construction illustration
showj.ng a dryer assembly of yet another embodimeht according to
the present invention. 1In the Figure, a dryel;: assembly 80
comprises: dryers 10A, 10B and 10C; and é. microwave radiator 82
provided at a stage preceding the dryer 10A, wherein a microwave
1s irradiated on a to-be-dried object before the far infrared
irradiation. The irradiation of a microwave is applied when a
to-bef-dried object contains_ much water. An irradiation time of
the microwave is adjusted according to the content bf water in
a to-be-dried object. The dryers 10A, 1QB and 10C used are the
same as those described in any of tﬁe first to third embodiments. .

It should be noted that a microwave radiator and an
ultrav:l.oiet ra_dia.tor are properly used according to a dry

condition of a to-be-dried object.

Sixth Embodiment

- The following Tables 2, 3, 4 and 5 show the p_arametgrs in’
each dryer including a temperature of the drying chamber, a
surface temperature of the far infrared radiators, an irradiation
time of far infrared radiation and a distance between the far
infrared radiators and the to-be-dried object when the dryer
assembly described in any of the first to third embodiments was
" used and good dry states of the to-be-dried objects were obtained.

Table 2
temperature in drying . irradiation board surface
: distance.
resin chamber time temperature
{mm)

{°c) (sec) (°c)
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loA 10B 10C

epoxy 100 120 100 50 35-45 100~160
urethane 100 112 100 50 35~45 120~130
~118
melamine 96 130 124 50 120 175

In Table 2, to-be-dried objecfs that were prepared by
coating aluminum boards 20 mm thick respectively with £ilms made
of epoxy resin, urethane resin and melamine resin, all 300 pm thick
were irradiated with far infrared radiation of wavelengths in the
range of from 3.98 to 4;63 um corresponding to the maximum
absorbances of the respective resins. .

: Surfaée temperatures of the aluminum boards which wefe not
deformed and on which excellent dry conditions of the resins were
obté:l.ned under the above described sétting conditions of the
parameters including a temperature in a drying chamber, a distance
between surfaces of the far infrared radiators and board 'surface '
of the to-be-dried object and an irradiation time for each dryers
were 100 to 160°C in the case of epoxy resin, 120 to 1$0°C in the

case of urethane resin and 175°c in the case of melam_ine resin.

Table 3
temperature in drying irradiation board surface
' distance ' _
resin chamberx " time temperature
(mm)
(°cy - . (sec) (°c)
A B C
epoxy 75 96 89 50 180 80
urethane 70 95 61 50 180 920
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lacquer 70 85 63 50 30~90 . 55~77

In Table 3, to-be-dried objects that were prepared by
coating 25 mm thick acrylic boards fespectively'with films made
of epoxy resin, urethane resin and lacquer resin, all 300 um thick,
were irradiated with far infrared radiation of wavelengths in the
range of from 3.98 to 4.63 pm correqunding to the maximum
absdrbances of the respective resins.

Surféce temperatures of the aérylic boérds which were not
deformed and on which e.xcellent dry conditioﬁs of the resins were
obtained under the above described sefting conditions of the
parameters including a temperature in a drying chaniber , adistance
between surfaces of the far infrared radiators and the board
surface of the to-be-dried object and an irradiation time were
80°C in the case of epoxy resin, 90°C in the case of urethane resin

and 50 to 7.0°C in the case of lacquer resin.

Table 4
temperature in drying irradiation board surface
distance .
resin chamber : time temperature
_ (mm) .
(°c) : (sec) (°c)
"A B C
103 106 93 120 120
phenol,
~ ~ -~ 40 - -
epoxy
. 110 112 94 180 145

In Table 4, to-be-dried objects that were prepared by
- coating 25 mm thick epoxy resin print boards with 300 pm thick
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films made of either epoxy resin or phenol. resin, were irradiated
with far infrared radiation of wavelengths in the range of from
3.58'to 6.46 um corresponding to the maximum absorbance of the
respective resins.

Surface temperatures of the print boards which were not
deformeﬁ and on which excellent dry conditions of the resins were
obtained under the above described setting conditions of the
parameters :I.ncludiﬂg a temperature in a drying chamber, a distance
between surfaces of the far infrared radiators and the board
surface of the to-be-dried object and an irradiation time for each
'dryin_g chamber were both 120 to 145 °C in the cases of epoxy resin

and phenol resin.

Table 5
temperature in drying ' irradiation board surface
distance : '
resin chamber time temperature
. (mm) '
Ty § _ (sec) ()
A B
acrylic " 50 61 . 50 . 30 70~75

In Table 5, a to-be-dried object that was prepared by
coating 25 mm thick polycarbonate resin boards with £ilms made
- of 300 um thick acrylic resin was irradiated with far infrared
radiation of wavelengths in the range of from 3.98 to 4.63 um
corresponding to the maximum absorbance of the resin.

A surface temperature of the polycarbonate resin .board
which was not deformed and on which excellent dry conditions of

the resin were obtained under the above described setting
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conditioris of the parameters including a temperature in a drying
chamber, a distance between surfaces of the far infrared radiators
and thé board surface of the to-be-dried object and an irradiation
| time were 70 to 75 °C in the case of acrylic resin.

In such a.manner, an excellent dry condition is achieved
on a board of a to-be-dried object when a surface temperature of
the to-be-dried object is set to a predeterm:l.r_led temperatl_lre S0 .
that no deformation of the board of | a to-be-dried object ocdurs
by controlling at least one of the parameters including a
temperatuf:e in a drying chamber, a surface temperature of the far
infrared radiators, an irradiation time of far infrared radiation
and a distance bétween- far the infrared radiators and the to-

be-dried object for each drying chamber.

Industrial Applicabi'lity of thg Invention |

As described above, the pr.tesent invention is adapted for
applications in drying to-be-dried objects such as electronic
parts, automoblle parts and food wherein far infrared radiators
used are adjusted so as to radiate far infrared radiation of
wavelength ranging from about 3 to about 6 uym, which corresponds
to the maximum absorbance inherent in a to-be-dried object from
a far infrared radlation layer provided on a metal surface.
Especially, thg present invention exerts a conspicuous effect on

a to-be-dried object constituted of a thin f£ilm.

36



_—

What 1o clataed is: R

1. A dryer compr.iszl.ng:

a far infrared radiator that emits far infrared radiation
optimal for drying a to-be-dried object;

a drying chamber in which far infrared radiation emitted
by the far infrared radiator is directed to the to-be-dried object
to dry 1:_he to-be-dried object:;

a plenum chamber for prepar:l.ng a downflow of hot a_ir toward
the drying chamber;

a frame to which a plurality of the far infrared radiators .
are mounted and which is provided with an opening for jetting the
hot air that f£lows down frdm the plenum chamber toward the drying
chamber; |

an elevating device for varying a distance between fhe
to-be-dried object and the far infrared radiators;

~ a hot air closed circulation path for circulating the hot
air that is heated up by heat generated from the far infrared
radlators; and

a control device for controlling a temperature in the drying
chamber, an irradiation time of far infrared radiation, a surface
temperature of the far infrared radlator and a distance between
the far infrared radiator and the to-be-dried object.

2. A dryer comprising: | |

a far infrared radiator that‘ emits far infrared radiation
optimal for drying a to-be-dried object;

a drying chamber in which far infrared radiation emitted

by the far infrared radiator is directed to the to-be-dried object
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‘to dry the ‘to-be-dried object;

a plenum chamber for preparing a 'downflow of hot air toward
the drying chamber;

a frame to which a plurality of the far infrared rad:l._ators.
.are mounted and which is provided with an opening for jetting the
hot air that flows down £from the plenum chamber toward the drying
chamber:;

an elevating device fo:;' moving the plenum chamber and the
plurality of far infrared radiators, as one body, upward or
downward;

a hot air closed circulation path for circulating the hot
air that is heated up by heat generated from the far infrared
radiators; and '

a control dev:l.cé fof controlling a temperature in the drying
chamber, an irradiation time of far infrared radiation, a surface
temperature of the far infrared rad:l.atoi‘ and a distance between
the far infrared radiator and the to-be-dried object.

3. A dryer comprising:

a far infrared radiator that emits far infrared radiation
optimal for drying a to-be-dried object:;

- a drying chamber in which far infrared radiation emitted
by the far infrared radiator is directed to the to-be-dried object
to dry the to-be-dried object; | |

a plenum chamber for preparing a downflbvi of hot air toward
the drying chamber;

an enclosure for enclosirig the plenum chémber and the far
infrared radiator;

a frame to which a plurality of the far infrared radiators
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are mounted and which is provided with an opening for jetting the
hot .air that flows down from the plenum chamber toward the drying
chamber;

an elevating device for varying a distance between the
to-be-dried object and the far infrared radiators:

a hot air closed circulation path for circulating the hot
ailr that is heated up by heat generated from the far infrared
radiator; and

acontrol device for controlling a temperature in the drying
chamber, an irradiation time of far infrared radiation, a éurface
temperature of the far _:I.nfrared radiator and a distance between
the far infrared radiator and the to-be-dried object.

4. A dry_er comprising:

a far infrared radiator that emits far infrared radiation
optimal for drying a to-be-dried objéct:

a drying chamber in which far 1nfrared radiation emitted
by the far infrared radiator is directed to the to-be-dried obj ect
to dry the to-be-dried object;

a reflecting plate diéposed on one side of the to-be-dried
object and an :l.psulating ma'terial disposed on the other side,
wherein the reflecting plate is opposed to the far infrared
ra-diator:'

an elevating device for varying a distance between the
to-be-dried object and the far infrared radiators;

a first exhaust duct for d:l.schargir_lg a gasified solvent or
the like from the to-be-dried object in the drying chamber to the
atmosphere; |

a second exhaust duct for discharging hot air that
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circulates in the drying chamber;

a hot air closed circulation 'path for circulating the hot
air that is heated up by heét generated from the far infrared
radiator; and

a control device for controlling a temperature in the drying
chamber, an irradiation time of far infrared radiation, a surface |
temperature of the far infrared radiator and a distance between
the far infrared radiator and the .to-be-dried object.

5. A dryer according to any of claims 1 to 4, wherein the far |
infrared radiator includes: a.. far infrared radiation layer
provided on a surface of a curved metal plate; a heating device
for heating the metal plate; and a holding/shaping plate for
holding the metal plate in a durved shape and/or making the metal
plate assume a curved shape. _ |

6. A dryer according to any of claims 1 to 3, wherein the hot air
closed circulation path is a closed path through which the hot
air circulates from the drying chamber tﬁrough the plenum chamber
again to the drying chamber. | '

7. A dryer according to any of claims 1 to 3, further comprising
a gas molecule decomposition device that is pro(rided in the hot
. alr closed éirculation path for cleaning the hot air that flows
down from the plenum chamber.

8. A dryer according to claim 7, wherein the gas' molecule
decomposition device is located between the plienum chamber and
the far infrared radiator at a site close to the far infrared
radiators.

9. A dryer according to ciaim 7, wherein the gas molecule

decomposition device has a radical reaction chamber in the
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enclosure for removing a gas moleéule included in the hot air by
a radical reaction.

10. A dryer according to claim 7, wherein the gas molecule
decomposition device is located at a position downstream from the
drying chamber. |

11. A dryer éccordj.ng to claim 7, further comprising: é catalyst
device and a filter device in the hot air closed circulation path
in addition to the gas molecule decomposition device.

12. A dryer according to claim 11, wherein the filter device is
provided in the plenum chamber. ' |

13. A dryer according to claim 7, wherein the gas molecule
decomposition device includes a heating device, a heat exchanger
or a heat accumulator. -

| 14. A dryer according to cla:l.m 13, wherein the heat 'accumﬁlator
has a structure in which a plurality of pipes made of a material
with good heat conductivity are arranged at prédetermihed
intervals. | _
15. A dryer according to any of claims 1 to 4, wherein the far.
infrared radiator emits far infrared radiation from above and
below the to-be-dried object.

16. A dryer according to any of claims 1 to 4, wherein the far
infrared radia;or is arranged abové or below the to-be-dried
object and a reflecting plate that reflects far infrared radiation
émitte.d from the fér infrared radiator is disposed below or above
the to-be-dried object.

17. A dryer according to any of claims 1 to 4, wherein the drying
chamber includes an enclosure comprising a .reflecting plate

disposed on one side of the to-be-dried object and an insulating
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material disposed on the other side of the to-be-dried object.
18. A dryer according to claim 17, wherein an interior of the
enclosure constitutes a radical reaction chamber. _

19. A dryer according to any of claims 1 to 4, further comprising:
an exhaust path for discharging the hot air that is circulating
in the hot air closed circulation path into the atmosphere; and
a removal de‘vice provided in the exhaust bath for preventing
impurities in the hot air from being discharged into the
atmosphere. _ |

20. A dryer according to any of claims 1 to 4', wherein the exhaust
path comprises: a first exhaust duct for discharging a gasified
solvent or the like from the to-be-dried object in the drying
chamber into the atmosphere; and a second exhaust duct for
discharging the hot air that is circulating in the drying chamber
to the atmosphere.

21. A dryer according to any of claims 1 to 4, wherein a surface
temperature of the to-be-dried object is set to a predetermined
temperature through cdntrol by the control device of at least one
of the parameters including a temperature in the drying chamber,
a surface temperéture of the far infrared radiator, an irradiation
time of far infrared r.adiation and distance between the far
infrared radiator and the to-be-dried object.

22. A dryer according to any of claims 1 to 4, wherein the control
device controls at least one of parameters :I.ncludiﬁg a temperature
in a drying chamber, a surface temperature of the far infrared
radiator, an irradiation time of far infrared radiation and a
distance between the far infrared radiator and the to-be-dried

object so that no deformation of the to-be-dried object occurs.

42



"

23. A dryer according to claim 21 or 22, wherein the to-be-dried
object includes a thin board made of acrylic resin and a surface
temperature of the board is set in the range of from about 50°C
to about 90°C. | |

.24, A dryer according to claim 21 or 22, wherein the to-be-dried
object includes a thin board made of polycarbonate resin and a
surface temperature of the board is sét in the range of from about
70°C to about 75°C. | |
25. A dryer according to claim 21 or 22, wherein the to-be-dried
object includes a thin board made of epoxy resin and a surface .
tempéra.t_ure of the board is set in the range of from about 120°C
- to about 145°C. |

26. A dryer according to claim 21 or 22, wherein the to-be-dried
.object includes a thin board made of aluminum and a surface
temperature of the board is set in the range of from about 100°C
to about 175°C.

27. A dryer assembly comprising a plurality of the dryers
according to any of claims 1 to 4, each as a unit, wherein
parémeters in each dryer including a temperature in a drying
chamber, an irradiation time of far infrared radiation, a surface
temperature of the far infrared radlator and a distance between
the far infrared radiator And the to-be-dried object are
independently controlled. |
28. A dryer assembly according to claim 27, wherein at least one
of the parametérs in each dryer including a temperature in a drying
chamber, an irradiation time of far infrared radiation, a surface
temperature of the far infrared radiator and a distance between

the far infrared radiators and the to-be-dried object is
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differently set from the other dryers.

' 29. A dryer assembly according to claim 27, wherein a tempéra,ture
in a drying chamber is set to f.he lowest on the inlet side of the
to-be-dried objects in a dryer.

30. A dryer assembly according to claim 27, wherein the dryer usfes-
insuiating material for a frame.

31. A dryer assembly according to any of claims 1 to 4, comprising
an ultraviolet radiator for 1rradi;atirig the to-be-dried object
with ultraviolet after the to-be-dried object 15 irradiated with
far infrared radiation from the far infrared radiator.

32. A dryer assembly according to claim 31, wherein an irradiation
dose of ultraviolet emitted from fhe -ultraviolet radiator is in

the range of from about 300 to about 600 mJ Jom?. |

33. A dryer assembly according to any of claims 1 to 4, comprising
an ultraviolet radiator for irradiating each to-be-dried object
"with ultraviolet before the to-be-dried object is irradlated with
far infrared radiation from the far infrared radiai;._or.

34. A dryer assemb].y comprising é plurality of the dryer according

to any of claims 1 to 4, coﬁp_r:l.sing a microwave radlator for

irradiating the to-be-dried object with m:l.crowé.ve before the
to-be-driéd object is irradiated with far infrared radiation frbm
the far infrared radiator.

35. A dryer assembly according to any of claims 27, 31, 33 or 34,
- further comprising transpor't means for transporting the to-
be~-dried object between the plurality of d]:_'yers , between the dryer
and the ultraviolet radiatdr, or between the dryer and the
microwave radiator.

36. A dryer assembly according to claim 35, wherein transport
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means 1s provided with transmission means for transmitting a

microwave, far infrared radiation and ultraviolet.

~ 37. A drying method comprising:

a step of dhanging a wavelength range of far infrared
radiation in order to supply far infrared radiation optimal for
drying a to-be-dried object by changing a surface temperature of
a metal blate from which the far infrared radiation is emitted;

a step of setting a _surface temperature for setting a

surface temperature of the to-be-dried object to a predetermined

temperature by controlling a distance between a far infrared
radiatdr and the to-be-dried object:;

a step of :I.r_rad:l.ating. the to-be-dried 6b;|'ect with far
infrared ra'diatibn of the predetermined wavelength from the far
:I.nfrafed radiator; and

a step of supplying hot air heated up by using heat generated
from the far infrared radiator to the to-be-dried object through
a hot air closed circulation path.

38. A drying method comprising:

a step of changing a wavelength range of far infrared
radiation in order to supply far infrared radiation optimal for
drying a to-be-dried object by changing a surface tempe_rafure of
a metal plate from which the far infrared radiation is emitted;

a step of setting a surface temperature for setting a
surface temperatu_re of the to-be-dried object to a predetermined
temperature by controlling a distance between a far infrared_
radiator and the to-be-dried object:;

a step of irradiating the to-be-dried object with far

infrared radiation of the predetermined wavelength from the far

.
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1nfrared radiator;

a step of su_pplying hot air heated up by using heat generated
| from the far infrared radiator to. the to-be-dried object through
a hot air closed circulation path; and

a step of irradiating the to-be-dried object with
ultraviolet after the to-be-d;ied.object is irradiated with far
infrared fadiation. _
'39.A drying method according to claim 38, wherein an :eradiation
doée of ultraviolet emitted from the ultraviolet radiator is in
the range of from about 300 to about 600 mJ/cm®.
40. A drying method comprising: |

a step of irradiating a to-be-dried object with
ultraviolet;

| a step of changing a wavelength range of far infrared

radiation in order to Supply far infrared radiation optimal for
drying the to-be-dried object by-changing a surface temperature
of a metal plate from which the far infrared radiation is emitted;

a step of setting a surfacé temperature for setting a
surface temperature of the to-be-dried object to a predetermined
temperature by controlling a distance between a far infrared'
radiator and-thg to-be-dried object;

| a step of irradiating the to-be-dfied object. with far

infrared radiation of the predetermined wavelength from fhe far
infrared radiator; and

a step of supplying hot air heated up by using heat -generated
from the far infrared radiator to the to-be-dried object through
a hot air closed circulation path.

[
41. A drying method comprising:
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a st_ep of irradiating the to-be-dried object with a
microwave;

a step of changing a wavelength range of far infrared
- radiation in order to supply far infrared radiation optimal for
drying a to-bd—dried object by changing a surface témperature of
a metal plate from which the farlinfrared radiation is emitted;

a step of setting a surface temperature for setting a
surface temperature of the to-'be-dfied object to a predetermined
temperature by controlling a distance between a far infrared
radlator and the to-be-dried object;

a step of irradiating the to-be-dried object with far
infrared r'a'.dzl.atio.n of the predetermined wavelength from the far
infrared radiator; and | '

a step of supplying hot air heated up by using heat generated
from the far infrared radiator to the to-be-dried 'ébject through
a hot air clo_sed- circulation path.

42. A drying method comprising:

a step of changing a wavelength range of far infrared
radiation in order to éupply far infrared radiation optimal for
drying a to-be-dried object by changing a surface temperature of
a metal pl&te from which the far infrared radiation is emitted;

a step of setting a surface temperature for setting a
surface temperature of the to-be-dri'ed object to-a predetermined
temperature by controlling a distance between a far infrared
radiator and the to-be-dried object;

a step of supplying hot air heated up by using heat generated
from th_e'far infrared radiator to the to-be-dried object through

a hot air closed circulation path: -/
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a step of irradiating the to-be-dried object with far
infrared radiation of the predetermined wavelength from the far
infrared radiator; and | |

. a step of supplying hot air heated up by using heat produced
from the far infrared radiator after cleaning the hot air to the
to-be-dried object through a hot air closed _circulation path.
43. A drying method according to any of claims 37, 38, 40, 41 or
42, wﬁerem the hot air supplied to the to-be-dried object is
prepared from a plenum state as a downflow.

44. A drying method according to any of claims 37, 38, 40, 41 or
42, wherein far infrared radiation of a wavelength in the range
of from about 3 um to about 6 pum corresponding to the maximum .
absorbance inherent to the to-be-dried object is selected in the
step of changing the wavelength range of far infrared radiation.
45. A drying method according to any of claims 37, 38, 40 of 41, |
further comprising a step of cleaning for causing a ra&ical
reaction by gas decomposition of impurities in the hot air that

"circulates in the hot air closed circulation path.
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