;1] kle3eDL6T_y.. DRYER DRYER ASSEMBLY AND DRYI NG METHOD Technical Field
The present invention relates to a dryer, a dryer assenbly and a drying

met hod that "are applied for drying a to-be-dried object usi i ed
radi ati on. Background Art There has conventionally been knoﬂﬁWWWHﬁMﬂM@mLing
far infrared radiation. A far infrared radiator used in the dryer Is

nmetal pi pe whose outer surface is provided with a far infrared I"3®F,
ceram cs and the like. N a_ dr air that is heated by a far
infrared radi at or isﬁgﬁﬁguliﬁggﬁ ﬁ%§%§b§#2§hpubhgégg YETHOD hot air
circulation nethod has generally been adopted in a drying furnace .
Especially, in a case where a to-be-dried object is a thin film board made

froman egRohni8a" ich acrylic resin is coated, there have arisen
probl ens thatngﬁéltgﬁggﬁgried object is heated to a high tenperature and as
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range of the far infrared radiation has shifte onger
si de fr0”bb?%d@aW%H%QQEQ;CQbEQ%E%GdEﬁQi%QiBB@ mexi mum absor bance and
thereby, a drying tine becones |longer and a quality of the product is
probl ematic. Besides, inpurities included in the dusts, a solvent in resin
and the like, generated froma to-be-dried object in a drying S process
, 1S m xedackigrommd At . Wien the hot air containing such materials is
circulated in a drying furnace, the materials attach to resist on a print
board and cause Theren\as ecaresentd dreel Iy ybagnpkaoeas a Fryexaaplifg Faput e
sized inpurities in the hot air stick to the surface of the resist, which
produce aladxrexeforadiatione shofariinfrared rradlator tisedtirthedtyer
harnful gases and the |ike generated in a drying process of resin or the
li ke are A& 2aedali pipe Whosgt owtensurfiacenis proyidedgvi th safar infralredxert s
an adverse influence on the _environment. The present invention has been
made in orld¥PT-ocesrPpdcehandpbie bikm edl sHghcandryendiket aln ched- dsi ed
object with far. infr reg radia&&g& havi ng an opti mal, wavel ength _in an
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regardl esg @frAnld BhAAded thickness of the to-be-dried object and can
t hereby achieve an excellent dried state. It is another object to provide a

dryer and a dryipaged®aiad, fnVidalse0nh¥re! £a R lired SoJHBR! 184 itﬁéﬁt e

manner such that neither “of inpurities in dusts, solvent in resin an
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surface of a print board or the |ike, and thereby, drying of precision

parts can theref hactedirisem pyobd eyisetHat atith itd -addidiriea, objedbiich hepesial
consideration is given to environnment so that neither of harnful gas or the
| i ke generta achigh fetpanatyeoendsamnfa resudtorthdardsire iissbuehedseadthat o
the air fromthe drying furnace.
board is déformed when the to-be-dried object is dried 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 longer and a quality of the product
1s problematic.
Besides, impurities included in the dusts, a solvent in

resin and the like, generated froma to-be-dried object in a drying
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2 The di sclosure of the invention A dryer conprises: a far infrared
radiator that enits far infrared radiation optinmal for drying a to-be-dried
obj ect; a drying chanber in whi'ch far infrared radiation enitted by the far
i.nfrared radiator is directed to the to-be-dried object to dry the

to- be-dried object; a plenumchanber for preparing a downflow of hot air
toward the drying chanber; a frane to which a plurality of the far infrared
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infrared radiators; and a contro evice for controlling a tenper
the dryi ngrgeasier . Far bkampiali AlnhtBEsfzehaimpii-itiad Aadicdbl BBt Air
surface tenperature of the tar infrared radiator and a distance between the
far infragaddediatttie FHEHdtR 'oF tteliiedd sah) ahilchA pHodRicet @MRalusRs for f ar
infrared radiator that emts far infrared radiation

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
exerté 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 efficient manner. It is accordingly an object of the present
invention to provide a dryer and a drying method that can reduce
a time to be required for drying without deformation of a to-
be-dried object regardless of a kind and a thickness of the
to-be-dried object and can thereby achieve an excellent dried
state.

It is another object to provide a dryer and a drying method
in which only clean hot air is supplied in a manner such that
neither of impurities in dusts, solvent in resin 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.



optimal for drying a to-be-dried object; a drying chanber in which far
infrared radiation emitted by the far infrared radiator is directed to the
tQ-be-dried object 3 to dry the to-be-dried object; a plenum chanber for
preparing a downflow of hot air toward the drying chanber: a frame to which
aplurality of the far infrared radiators are nounted and which is provided
with an opening for jetting the hot air that flows down fromthe plenum
chanber toward the drying chanber; an el evating device for noving the

pl enum chanber and the plurality of far infrared radiators, as one body,
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radi ators; and a,cC éPl &ﬁﬁgfﬁéépr controlling a tenperature in the drying
chanber, an irra%iia on 15 of tar infrared radiation, a surface
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infrared radi ator and t re ect. A dryer conpri ses:

infrared rgdighgi fggtg?g}ﬁé aafoiggr@fﬁa%{éﬁg ¢on optimal for drying a

to-be-dried object; a ng chanber I n ar infrared radiation
emtted 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 downflow of hot air 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 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 air closed circulation path for circulating the hot
ailr that is heated up by heat generated from the far infrared
radiators; 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.

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



by the far infrared radiator is directed to the to-be-dried object to dry
the to-be-dried object; a plenum chanber for preparing a downfl ow of hot
ai,r toward the drying chanber; an enclosure for enclosing the plenum
chanmber and the far infrared radiator; a frame to which a plurality of the
far infrared radiators 4 are mounted and which is provided wi th an
openi ng for jetting the hot air that flows down from'the plenum chanber

toward the da ghggb%% dggealggagﬁgg device for varying a distance

bet ween the to- be ri ed object an e far |nfrared radiators; a hot air
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heat generated fromthe far infrared radiator; contro vice
control | i Red dr§IRQ dhidber? the drying chanber an |rrad|at|on time of far
infrared radiation, a surface tenperature of the far infrared radi ator and

a di stance bet waefrafe t@whiieh argrufaci ©f Of 8Rd £4e inPrae-od rad1abbpst . A

dryer conprises: a far infrared radiator that emts far infrared radiation
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infrared radiation emtted by the far infrared ra |ator S rected to the
t 0- be- dri ébtoalecthdto fdowst Aewh Erom the osll exbjyre@hamber toward the drying
chamber;

an elevating device for 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
alr that is heated up by heat generated from the far infrared
radiators; 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.

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 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



a reflecting plate disposed on one side of the to-be-dried object and an
insulating material disposed on the other side, wherein the reflecting
plate is opposed to the far infrared radiator; an elevating device for
varying a di stance between the to-be-dried object and the far infrared

radi ators; a first exhaust duct for discharging a gasified solvent or the
like fromthe to-be- dried object in the drying chanber to the atnosphere; a

second exf@adl I Moot device.i he .hot air
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devi ce) aH@mbe®xchanger or a heat accunmulator. In the dryer, the heat
accunul ator has a structure in which a plurality of pipes nmade of a

material with gﬂﬁdei@ﬁ&tﬁ%dééﬁié’étfof‘rGai‘{riﬁ&gﬁddirstﬂh%@e%%rtw ;ér  th

intervals. In the dryer e far infrared radiator emts far

radi ati ontd+wen @bbe® sifede! and L (RabentiivHbPHL0latdrs;t he dryer, the
far infrared radiator is arranged above or bel ow the to- be-dri ed obj ect and

a reflecting platot bdr ckbsedtsifeuldtiismped g8iragipButatih§dcid HH he
far infrared radiator is disposed bel ow or above the to-be-dried object.

air that is 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-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 reflecting plate disposed on one side of the to-be-dried
object and an insulating material disposed on the other side,
wherein the reflecting plate is opposed to the far 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 drying chamber to the
atmosphere;

a second exhaust duct for discharging hot air that



In the dryer, the drying chanber includes an encl osure conprising a
reflecting plate di sposed on one side of the to be-dried object and an

i nsul ating mterlal disposed on the other side of the to-be-dried object.
In the dryer, an interior of the enclosure constitutes a radical reaction
chanber. The dryer, further conprises : an exhaust path for discharging the
hot air that is circulating in the hot air closed circulation path into the
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at nospher ga4d '?n&l@‘cnﬁ.ré’%{e dﬁ@%s@ﬂ%ﬂshe%‘fcg conprises : a first exhaust duct

for discharging a gasif 'vent or the I'ike fromthe to 7 be-dried
obj ect in the dnyigigh C&F}f&iertuemﬂﬂt%‘i: %fe%%%h‘i providdq 5§60RfeC §n§§ ! d“Ct
for discharging the hot "air that 1s circul atlng t ry| ng ch

t he at nospRintherd N the dryer, a surface terrperature of t he to-be- drled
object is set to a predeterm ned tenperature through control by the control
device of at | eapthe@ryér [t BaEWBLEESLd a@beﬂbagieisﬁf@é‘wiféélELﬁci{ldEQe
drying chanber, a surface tenperature of the far infrared radiator,

i rradiati an Héateimy devidelf ekt afichiangerand di heakcacbanearokhe far
infrared radiator and the to-be-dried object. In the dryer,the control

devi ce control Scmtthecdsyernthefhemt aaortuens atod hdsng st wdnefatiy hiBha
dryi ng chanmber, a surface tenperature of the far infrared radiator, an

i rradi ati @ghpliuraldtyfofi plpés made ofadingzttieanl sdneith giooidivest bendaetivheyf ar
infrared radi ator and the to-be-dried object so that no deformation of the
t 0- be- dr i éFejrandgat &t predetiegmdned intieerviadsbe- dried obj ect includes a
thin board made of acrylic resin and a surface tenperature of the board is
set in the randd &her Aswerbothe ST tiafms@td gadiateortemlty far, infirared

to-be-dried object includes a thin board nade of polycarbonate resin and a
sur f ace té?ﬁfﬁréﬁjtﬂ'b f3on [PWSa ARG bedow ithe; to-pgndeled pPdrrEbout 70C to

about 75C. Int t he e-d d ob ect_Jincludes a thin board nade
of epoxy resin fd]?]d:q’«’ggfy §Cetbgn€@’r'a{%$’éa’6? tHRAAREAY j1‘55 a§é'tanﬁﬁdt RBOV&nge
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time of far infrared radiation, a surface tenperature the rnfrared

radi ator and a xh StﬁGCQir@@IWQﬁ@ tdeyfred cRAMBELJ ihadiudkd’ @&NdehBfosure
to- be-dried object are independently controlled.
comprising a reflecting plate disposed on one side of the to-
be-dried 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 circulating 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 discharging a gasified solvent or the like from the to-



In the dryer assenbly , in at |east one of the paraneters in each dryer
including a tenperature in a drying chanber, an irradiation tine of far
infrared radiation, a surface tenperature of the far infrared radi ator and
a- di stance between the far infrared radiators and the to-be-dried object is
differently st fromthe other dryers. In the dryer assenbly , a
tenperature in a drying chanber is set to the Iowest on the inlet side of

the to-be-gLigf O ' bl t he d
nsul ot i ngheey 8| et P (Y Byan %ﬁ?@ééﬁ%ﬁésﬁaﬁﬁ%@%ﬁ Fand
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radi ation &fpsuideidgrin nﬁﬁ@rﬁc&{@icﬁ{%ﬁ?ef Ntd NG oﬂﬁfﬁgﬂ y, an

irradi ation dosa of ultraviolet  emtte romthe ultraviolet Tadiator is in

the range of fromtaaotySPla barsbes!t b A& ot Hife %Yﬁé-ﬁl?ggﬁtgc}yjoeocitect

conprises an ultraviolet radiator for irradiating each to-be-drie

with ultravsoket befar prebetbembaedr kefpeRhealel thirbudfl dond it
infrared radiation fro%the far infrared radi a'?or. 9 aﬁThe rzyelrrbisg’rehr?oly

conpri si ngeentirol adévycef of hat dLgast COABr b¥ethd Padameted s ANAMI NP a
irradiating the to-be-dried object with m crowave before the to-be-dried

obj ect is tempeiratwre virt ftheadrynhgacleamben!] & isatrfhcentéhpetatuiral 62k
radi ator. The dryer assenbly further conprises transport means for

transport i fart Apfrerpd- cradddtoy,ecan bérmaddathonplting i 6§ Shrdrittfirared
between the dryer and the ultraviolet radiator, or between the dryer and
t he m cr oveddlattoniand diatancedrakreen thebfar infareamal raddatseri an@rehsd ded
Wi th transm ssion neans for transmtting a mcrowave) far infrared
radi ati on BPtPerd¥ied #Riect: dryi ng met hod conprises: a step of changing a
wavel ength range of far infrared radiation in order to supply far infrared
radi ati on opti the wYRhgthe (P idavine jeantugls mindiaasta oner fofce
tenperature of a rr’?t?[“[cﬁl he fr&g which the far infrared radiation is
emtted: @ITEPEL? ﬁ% B9 IRETEENFE LR G SFYHRI SHAMNSE -2 SHTTACe
tenperat ur@eﬂﬁef@@uEQ-oqefﬂ{a!fadr ql?:lf%%g:e%orgdfgggzef %nmigggdiation 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.
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 a 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
made of aluminum and a surface temperai:ure of the board i1s set

in the range of from about 100°C to about 175°C.



tenperature by controlling a distance between a far infrared radi ator and

tHe to-be-dried object; a step of irradiating the to-be-dried

object with

far infrared radiation o~ the predeterm ned wavel ength fromthe far
infrared radiator; and a step of supplying hot air heated up by using heat
generated fromthe far infrared radiator to the to-be-dried object through

a hot air closed circulation path. A drying nethod conpri ses:

. A drying method compri se:
Cupply Tar i nir ooy BpRefbLy o pBs)iig 14t 04 484 ke

a step of
order to
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radiation 1s emtted;” a step setting a“surface
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far infrared radi ati on of the predeterm ned wavel eng rom
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generated fromthe far infrared radiator to the to-be-drie

e e

hot air clis@dpendentdyi eonppohleand a step of irradiating the to-be-dried
object with ultraviolet after the to-be-dried ob ject is irradiated with

far In the dryer assembly ,in at least one of the 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 radiators and the to-be-dried object is differently set
from the other dryers.

In the dryer assembly ,a temperature in a drying 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 uses insulating material
for a frame.

The dryer assembly comprises an ultraviolet radiator for
irradiating the to-be-dried object with ultraviolet after the
to-be-dried object is irradiated with far infrared radiation from
the far infrared radiator.

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

The dryer assembly comprises an ultraviolet 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.



infrared radiation. In the drying nethod ,an irradiati on dose of
ultraviolet emtted fromthe ultraviolet radiator is in the range of from
about 300 to about 600 mJ/cnZ. A drying method conprises: a step of
irradiating ~ to-be-dried object with ultraviolet; a step of changing a
wavel ength range of far infrared radiation in order to supply far infrared
radi ation optimal for drying the to-be-dried object by changing a surface
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infrared radiation of the predeterm ned wave
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fromthe far infrared radiator to eto a Hot air
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range of feranspoptisy the to-be-dried object between the plurality of
dryers, between the dryer and the ultraviolet 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 step 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 changing 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 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 generated
from the far infrared 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

10



radiation in order to supply far infrared radiation optimal for drying a

t 0- be-dri ed object by changing a surface tenperature of a netal plate from
which the far infrared radiation is emtted;, a step of setting a surface
tenperature for setting a surface tenperature of the to-be-dried object to
a predeterm ned tenperature by controlling a distance between a far
infrared radiator and the to-be-dried object; a step of irradiating the
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object to a predeterm ned tenperature by controlling a di Stance between a
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air heated up by using heat generated fromthe far infrared radiator to the

t 0- be- dri echdigtamt drd otlgh ot -dilfed ldISRettGi rcul ati on path; a step of
irradiating the to-be-dried object Wth far infrared radiation of the
predet er m ned wavestagt bff dowatlatiag ithe arecbe-alkiiEdr ob st awstRP £fafr
supplying hot air heated up by using heat produced fromthe far Infrared
radi at or atnfrared padiatiien pétthe predeterninadwdveddnglhefrom hmugara hot
air closed circulation path. 43. In the drying nethod according to any of
clai ns 37,imfraved wadtator: the hot air supplied to the to-be-dried object
i's prepared fronlgtglenunlstate as a downflow. In the drying nethod,the far

infrared radi atidAtEP of fERRi¥iRg hotathbeasadnby usdndheat generatedabout
oo e R R DA ER Ten BeLT gt et o™
For causi g 0% B TRl G dRR Aliindnd on of i mpuritres in the
hot air that cirgulglss ik the hBeiafihqC! P5€9 & sl At op %%[j@ct with
ultraviolet after the to-be-dried object is irradiated with far
infrared radiation.
In the drying method ,an irradiation dose of ultraviolet
emitted from the ultraviolet radiator is in the range of from about
300 to about 600 mJ/cm?.
A drying method comprises:

a step of dirradiating =a *c-be-dried object with
ultraviolet;

a step of changing a wévelength 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 surface temperature for setting a

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

11



Brief Description of the Draw ngs 13 FIG 1 is a graph showing a
rélationship between a surface tenperature of a to-be-dried object with a
di stance between the to-be-dried object and a far infrared radiator; FIG 2
i-s a graph showing a relationship between a surface tenperature of a
to-be-dried object with a radiation wavel ength of a far infrared radi ator;
FIG 3 is a schematic sectional view of a far infrared radiator; FIG 4 is

: . . . n
2 ront Vil oS5O0 AR OR) BERAGECERENLER ho shle Bidscnt,
accordi ng fﬁf%&lpéﬂﬁf}gghé r%e_q)té_%jﬁ? ?tﬁ]%dts- a schematic view show ng a

mai n portion of a equl pped w at ‘accunul ator according to the

present inventi%;sfégooz h$radhheThgV thd sw-vu;ggi%d iyéﬁé&f:ts\tvi'th gt her

enbodi ment accordi ng the present Tnvention; . ‘a srde view

showi ng a dipredréd SMlat 130C 88 Ji Y ;Ir%dd%%n?r[ﬁx%%ha&r@?[@ﬂ?‘tﬂ”frgd\ <r§bne9f'a§ a
construction illustration showing a dryer assenbly of afother enbodi nent
accordi ng {etdedEs®Idtdrvaiid on; FIG 10 is a construction illustration
showi ng a dryer assenbly of still another enbodi nent according to the

pr esent 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 drying method comprises:

a step 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-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 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-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 generated
from the far infrared 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

radiation in order to supply far infrared radiation optimal for

12



invention; and FIG 11 is a construction illustration show ng a dryer
assenbly of yet another enbodi nent according to the present invention. 14
Best Mbde to Carry Qut the Invention A to-be-dried body conprises : a netal
pl ate made of a netal such as alum numor a synthetic resin board nade of
synthetic resin such as acrylic resin, epoxy resin and pol ycarbonate resin;
a synthetic resin |layer coated thereon nmade of a resin such as phenol
resin, ep s st @0fe U I B+ £ ShhV. ..sal.der;
and S0 on B S e el S Y B SRR P B bR Fondd fune B
wood and (dhetidiepaseckom i ¥Hb 28¢0RArpAPRA! FEAL e 6k o fl chelagW
illustrate cases where to-bedried-objects such as print boards na&e of
epoxy resin on whigtep e6f Sketeehgaianigitt e | tEnpSd Fur&EPESY EBELAngNd the
| i ke are coated are dried, but the present invention is not Iiniteg to

dryi ng of surfadedtbmpératirebptdh té bgedeid ottty tbed Pragatd rmineg ace
tenperature of a far infrared radi ator have a relationship therebetwen and

a surface temperature bf contrdklinid cal @bsEshcyabéeRedfcar ¢afd iInFrared

di stance between the far infrared radiator and the to-be-dried object. FIG
1 shows a radimtionmsnd thd vieerbesrduded ebgieletand a surface tenperature of a
to-be-dried object. As shown in FIG 1, as a wavelength is shorter, the
surface tenper ataustepfoft srapplyinghodrair heditatiorp by usigiichealllg@nerated
according to the Figure, a surface tenperature of the far infrared radiator
i s ranged fFrasntagofiarsutiraredpaddiatpyde thehsorhagdriediobiedt Shroagh. 46
dun in wavelength. FIG 2 shows a surface tenperature of a to-be-dried

obj ect obtEhiRl B FRRphFIE N LAt PBddhvieen a far infrared radiator and

a to-be-dried object usigg the far infrared radi ator whose output is 340
watt, surface tén’p%?%? uPE ATTRddating ReeIt@ierdried obieat swithfary

this case,, t t 0s be-dri.ed _body, i n us S al .um nu late of 0.6 nmm
t hi ckness TS ﬁ&dﬂ@tﬁ'ﬁ@ ﬁfqgm%)prﬁﬁf%%ﬁlpﬂﬁgfg}"ggq}f £xom the fardri ed
obj ect ar elr{ﬂ&eﬁfléao%@p&uj aJnE<»1£)C to about 70C at di stances ranged from 50

to 150 mm I'n su d far infrared radiation wavel ength range for

emtting a far i Lhal,l i i | mal L. dr Y - be-dried
object is set V\haPtf;gégﬁ%néiﬁggigkggr%cgmfe%%%% lqpeb%?l Séqﬁe}%é;?t gfé e Pom
which a f afrdonfthel edr fef Adied rddsatdid hefer M 1360 d RBREA A WEtRE the
to-be-dried object is set to a predeterm ned tenperature by controlling the
di stance bssvserddied fajddt raehghadl alodr aaid c1b@ a0 hecdnia®d oabpatch.
After that, a far infrared radiation of the set wavelength is emtted from
the far i 3 arled thaddaydngt e tihed tapdrerdiimigedcobpgcdf ¢ibdims 13T aBt,edoby
using a heat generated fromthe far infrared radiator is supplied to the

t 0- be- dri el 85j4ct théhotghil msubpdbed dior the 4bi-ba-gatbdfarjedudt isprepanetine
far infrared radiator 1 used here, as shown in FIG 3, a far infrared

radi at i on %&QfRra PIanyn Fhated agh & demngilogl.ate 2 such as al umi num or

stainless steel with alnost circul ar. shape with a convex of a predeterm ned

curvature R and thethet AFYpRg: drethod.thee kol dpfrapeddaadiatiem of a

t enper at ure vvi]Fh a%d"heiti qg}devi ce 4 auc%mas a?coi | . Setting of tenperature
of the far"thiTEd MBdiAort#R9%dPhst N aPothr de HBvEPs 2Pojte § gpm
infrared radi ] r.f.nf radiation of vel engt h nged from
about 3~. n?cf%laéa%(gjour?ﬂé{-% %ﬁa? hgol;“?%gggrﬁ‘dsa bES TR, cﬁa%%ﬁeéb g‘?‘baﬁ@% %P "a
resin mat gfd [ f. th -he-dri '

Further . & hat i o SnSsT g, S hracBanas e Lraplin cRanGitiy O BAVBIERarn, |
conbi ned Wddyd er i@l 1 id e d ddai@tden that the 1G  netal plate 2 holds
its shape without deformation to be caused by heat and/or assunes a

predet erm ned shapearfyhgheithddisehathes dInirased 8l difspesidatting poevi ded
between the coil 4 and the netal plate 2, and between the coil 4 and the

hol di ng/ shenisihglaaradfcal RefarteReebi e decompddii€abasSof aflealt 1dadin
reference nuneral 9 indicates a lead wre. First Enbodinent FIG 4 is a
front vi evilshhotregimthayenirefulatestwdhetiit ate vldised ¢ DréhEati@spath.
invention . A dryer 10 of the enbodinent , as described in the Figure,
conprises: a drying chanber 12 for drying a to-be-dried object 11; a
transport belt 13 that is provided in the drying chanber 12 whil e extending
in a | ongiBuighNesprintian aforthe rgwpdiugst i on of the to-be-dried object 11
and which fornms a planar transport path; frames 14 nmade of stainless steel,
di sposed above and bel ow the transport belt 13; a plurality of far infrared
radi ators 15 arranged between the frames 14 in a staggered manner; a hot
air closed circulation path 17 for supp#ying hot air including the heat
generated fromthe far infrared radiators 15 to the drying chanber 12
through a circulation path 16; a plenum chanber 18 for preparing a downfl ow

Y N - o A~




The far infrared radiators 15 di sposed bel ow the transport belt 13 nmay be
réplaced with a stainless steel reflecting plate. Further, a far infrared
radi ation layer that emits far infrared 17 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
radi ators 15 arranged above the transport belt 13 and the far infrared

di at 15 . taird d
o o Som LoEI T aNEh bl biEwlAGTR MUTcIBhanD bebiiodlla Bdbenda e
chanber 18§ ewpbidtarPlorohl tHASSL AH1LEAT e bﬁtﬁpﬁn&fgﬁaﬁéﬁeﬂé}fv}re?&g .O the

dryi ng chanber 12. The pl enum chanber 18 i1s connected to t on

path 16 attgse-sdrfed Rt HNOW Fa finPrdied W atio;t her, the far
infrared radi ator has the sane structure as that of FIG 3. The franes 14

to which the farFriGyf Raged gadipht Shéwifigad TeTRtAoadhandbbbRedh &) eirkdca €
fixed to a drive device 20 which serves as el evati ng neans and they, as one
body, are tempddtstursvafdaate- seovdrbéed ol Jduthwa thaagtadiatifbr wa¥ed efethBy

t he novenent, a distance between the to-be-dried object 11 and the far
infrared refliatfars ifraredbaatiatpart. On t he ot her hand, a di stance between
the frames 14 and the pl enum chanber 18 is kept constant. A tenperature in
the dryi ng chantiBiG.123 i s canscheématicosestiondk: wiewed£ft ar fiared nffempedat ur e
all time. That is, when a tenperature in the drying chanber 12 exceeds the
predet er mixadlatomer ature, an adjusting valve 21 that is provided in the
exhaust path 19 is opened. Then part of the hot air which circul ates inside
the dryi ng chanfefG124 il rae|fRondd view hoxtings ghdryen (o any emboddimeg ta
tenperature of the circulating hot air. In this way, a tenperature of the

hot air geAREWMENP LR Heha RresanY dnviertdansd radiation in the drying

chanber 12 is ¢ oLl ged by the adjusting valye 21 and thereby the hot air

at a predeterni %‘l% fsfa cé'?taﬁ’gleg ?Sréc ﬁb?)lai %ﬁy?’ﬁf@ PRy SHpotHARBE 12

all the tije., %ﬂg h@& ﬂéﬁe%e]ernq:tg‘_q“}‘gn the far infrared radiators 15 is
THe' ik

circulated 1n ryer e drying charfber 12 by a circul ati on bl ower

22 that 1s di Snaed. el oW LORMEYVI 89 eNPIREYIAG & md D8 pdst tod BE LAy 1S

i ntroduced from ryi ng throug Cir at1on pa into

the plenuragbephed 8 t8li PoR8H ARG IR Y| B9c6RATRET &:i:ﬁ'tﬂ@e%ge%laﬂthm

air is forced to flow down toward the openings 23 provi Int rame 14
fromthe pierentth@yber 18 and further betted into the drying chanber 12

t hrough the openings 23, thus conpleting a hot air closed circul ation path.
The dryi ng chanmt®IG 12 iis corfydrtutveiewofshbwapaca idryst off tsha110ahetdeired
obj ect is accommopdated. The drying chanber 12 may further be connected to
‘an inert eRbalpyt apperrding (twtthehawegserthdmvientimm:i nert gas, for
exanpl e, nitrogen gas, may be introduced into the hot air. By introducing
nitrogen gas intl%hd diyian§ldpawbey showbng datduienfassamdivh agcorddng
to-be-dried object can be reduced during a drying process and thereby,

re- oxi dat i oh e (PeeFeRT nineri®fent ed from occurring. Hence, a film

it f th i ed i be i d t her, I t t ed
from the resin & AGTa"an hntt i R L LR ek SRay St af g 88 YErom
t he dryi . d . Embodi El 5 i t, vi howi
drserrg:‘ nan%{%ng?f%nboc%gf%glﬁtt%gggo?gﬁﬁéiwg%heaéé%g%%ginn%\fln&%ﬁﬁ ?’Vgﬁggf’%er 10

of the e dePion. as described in the Figure, conprises: a drying chamber
12 for drying a to-be-dried object 11; a transport belt 13 that is 19

FIG. 10 is a construction illustration showing a dryer
assembly of still another embodiment according to the 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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provided in the drying chanber 12 while extending in a |ongitudinal
ditection for transportation of the to-be-dried object 11 and which forns a
pl-anar -transport’ path; frames 14 nade of stainless steel, disposed above
and below transport plurality of far infrared radiators 15 arranged in the
frames 14 in a staggered manner; a gas nol ecul e deconposition device 30 as
a hot air cleaning device disposed above the frames 14 , for exanple a heat

accumul at @esta Mude aid Cd@SEOW e alivehtdinh 17 for supplying hot air
including the heat generated fromthe far infrared radiator 15 to the

dryi ng charmber I tbhbeughiadbddycaimpiseat: a ketald Pl&peRLdEBRES mbGahO"
preparing a downflow of the hot air i ~troduced fromthe circulation path

16 toward sygh dsydlnmichanbea 4¢nthetiateelhdbsdrdnade bT §phtHb L8361 R0
part of the hot air to the atnosphere. Herein, the franmes 14 of the é'ryer
10 are nadmdh @e ety i ulesimg ephey iresinTamd polydiarbodd ted Heali ;S al5

di sposed below the transport belt 13 nay be replaced with a stainless steel
refl ecti nFytheticuesharlayer aoated thersonankidd ofra Faytn sutdi agphenoflar
infrared radiation is preferably provided on the reflecting plate. Still
further, iTe§inaepepyaissdin and uxredhane rssin: cepperifamtte ;ngl pvat paiste ;

di sposed instead of the far infrared radi ators 15 arranged above the
transport ftdens and spe 9 | Farthen. r §hpattorberdried mbisdmbel be t he
transport belt 13. The hot air is made to flow down toward openi ngs 23

provi ded iFPRHL¥YLEL Of 4L PPdWaRd andrkhe dikers wedlandFiretiand secopdssi ng
t hrough the op i ngs ar%[bj e:‘_heg i n%ﬁq)the dryi ng chanber 12. The pl enum
chamber 16 edesgriRed.:; belpw; idd tec aasefe vhere t korbef

t hrough a { bl.e. tube. The far_infrared radiator 20 has t he sane
structure asf{%"acfb:[ﬁc%ﬂ guch a?hgr#fb{: boards gade of epeXY ikRsiman ¥hich 4

cl osed cirGlideaq j t ikr, cireulates fromithe drying._chanber 12

t hr ough thlgégp seﬂn%n(%MSLa neiP)eglggéf g‘iir(f 88396' ﬁ?mgrmé 13 ke pIges 14
to which t I T r 84 I ng _t h ugul at or
30 and theé%iﬁjrﬁ%la%b%h'lgﬂiﬁe %Sfé%st%g%amgrgl}l\?go e\c;fscg%foﬁ%'ﬁ?ﬁasgpves

as el evat iy IFRANSE ,sudH b - 19 P W dtwar d and downward within a range
of 10 to 300 mm+~ by el evating neans. Hy the novenent, a di stance between

the to-be-dried mbgentral, antatreeehathi aid ar serf &6k Fepiperkrg@oPe ghanged.
On the other hand, distances between the franes 14, the heat accunul ator 30
and the plisfiramsdradiatdrai@vd epretatsonship theGebtweed 88AGBLIFEavbeW
showing a main portion of a dryer equipped with a heat accunul ator. The
heat accurtifitpenatdoreat aatstbecdxied phjabitotam as acedidingftopa pestahcende
fromcopper with a good thermal efficiency are fixedly arranged on the
frane 14 Retesietdiaitady pifiraresd raddgiter andf the 86-heediietl hbdcon t he
surface of each pipe 35. In this case, the heat accunulator 30 is heated up

to about 400C. ‘efloroWH A nhtlationship hekwesn whevavelpngtsarar sugh
anyuhere (HUATRE D oEneRrartiB, 4%, arkhr e T GRLA, 53SCE e aholae 18 Bk ng

Gecompos: t ohScayaVe AT 6 AR TRRE' SO P KePed i Rcaf Y Hat
ox! dat | on. T Rk eR IR nfchitr o RREOTRS Fodllaliy K uER ERBOUED, o

to the to-beusrhed BbhEstadi bEMYESFaNthERer &4 saRad gt ; 2l é{eg%de}éfa&ua' ly

supplied. 21 The gas nol ecul e deconposition device can assu vari ous

ki nds of sioiftt Wwa°Cl ot 60wk ESAIFC HAVEALI PaNgd NoOd&Im 130 58 feCki. ¥g!
utilize the heat produced by the far infrared radiators 15, the plurality
of copper ipi pesrelengtith a good heat conductivity are arranged at

predeterm ned intervals. Further, fins are provided on each of the copper
pi pes 35 in or déIG.02i showsnsecsarfaee nEmpffdtrirency . a Hee becdrdedpbbg§scBS are
heat ed up to about 400C t hrough heat accumul ation by the heat . It is

pr ef er r ed dbtaigved byf changing ax distanceohetwéenta tfiaat inlfirarddcpafibatotron
device 30 is located at a site as close to the far infrared radiators 15 as
possi bl e. ang @hdo-bendrdedepbioct suptngitheal fisin hngrazedc zhdiesori whos@anber
32. An enclosure 31 that is extendable and contractable and which is nmade
from a hefUHRY dSadd0neatk Hunkacy deapedaturacts 4 C padewavebengthe

pl enum chanber 18. A space that is forned by the enclosure 31 constitutes
the radi cal reaction chanber 32. The radical reaction chanber 32 is
provided with a heating device or a heat accunmulator. Inpurities in the
resin in the hot air, mst and carbon-l1'5ke material s included are
deconposed by the action of free radical reactions caused by the heat when
the inmpurities and the others pass through the heating device or the heat

. . T N o



chanber 32 repeatedly deconposes the materials such as the inpurities and
thereby the hot air that is introduced into the drying chanber 12 fromthe
radi cal. reaction chanmber 32 becones cl ean w thout any such materials

i ncluded therein. In description in nore detailed manner, dust, m st and
inmpurities remaining in the hot air guided into the plenum chanber 18
through the hot air closed circulation path 17 are oxi dation-deconposed to
be gasifiegd eggt D@ I ik @S t | iike vpa r the t

accunul at ors;’\,ﬁa?an&n@esngg ;t%lg'gr gglggéﬂ Ierﬁgaé:tsi (?% ?%éttreﬁ)er. silehs ﬁe:tw%sr a

produced by1gmshhinCalhes 8€€8.EPmhothdexALERUM &&@6@%{?%21:?; fhé :Jlg:bg@re,

manner, oxi dation deconposition of the inpurities an

repeat edl ysapfdoet eémpera beré £ alhd P araltd 88 ed% alBCLRAGEE £L4)E DOt
air supplied to the drying chanber 12 are cl eaned free of inpurities In

m st and dabbutTh®o°Q Hues abbagnee’dat alstafichst £8klgéd® £ t5tr RS- U150 Ghy.
object 11 in the drying chanber 12 fromthe openings 23 provided in the
frame 14. The pl Enusuchaatway 1% fay hafpaeeddedddation walbesngthfPinge
cleaning the hot air. It should be noted that the heat accunulator 30 1s
not |im teforcmnittivg acfar dnfravied/radbatben ihgiohe 1B Wp € D € o2l a8§ 116y
structures. Further. a heating device may be substituted for the heat
accunul at o 39-berdrhedokiect b6 sdiewhdiei cangihg & sarfaceectehpe fdute
400C. Besides ( the hot air including a solvent in the resin and inpurities
in nmst anffdydetidnpdatedfromwhdlaibar far oknfiraserd) refdtatd onodbeemntt £ st .
object flows fromthe drying chanber 12 to the circulation path 16. Then,
the inpuri tP@sSYRfacRcteMReIAREragRE the he-Pordrled pkiectniedseheto tae
impurities ang s:he Iikg 1!oass 2 t.hr ough a_catal yst _device 37 provided in
the circul BFPBRTBIMANSE. L |RY qoRtralding ha diskancapetvesndhest
that adsorbs_a,s@lvent in.the resin, . .and inpurjities in mst and dust.

Ther ef or e, Q?ﬁeipﬁﬁﬁFFéi Jégdiﬁgmf |Pél4llt|9€ iSRcR§geFied ohderdr oRAfteRsthafas
passed thrqu t \ ice 37.are reduced.in antit Further, the
hot air wi hE Esgﬁ;ffr;r%gét?ée%&%ifﬁhé% ttﬁ‘g ﬁ?%t wﬁxgﬁﬁﬂpgk{o?% ittedifram ¢ he
radical re i c 2 heth | epum.C r apd ring the
passage th?g%gﬁafhgﬂgEgE gr g?h?ﬁggign%)%r??lgegga%-ggrgpﬁe?%ggggéa o iR

Further, tBgehebaaby RATES K OYeheReld FH6h e ﬁa&eiﬁﬁggg g;ﬁ?ﬁ[%rt he

inmpurities additionally. As a result , the hot air that cl eaned
free of thesisyppliftdd®soithecverbaraintiedoppbiediroudiea F1visea Chvsbelt il
Besides, in the Figure, transport nmeans 1s provided al ong the | ongitudinal
di rection pathh€odrhiet. afs.t he transportati on neans, generally, a belt
conveyor made from a heat resistant rubber is used. Wien a belt conveyor or
the like i s usedlnsthe fizgpdnfravedsraddatoud ksadshefe dust spawhi th EIGr e
generated fromthe conveyor itself during the transportation . Hence ,
there occufs & fdadedreredhcadigtionrkanans istpeevided oraatmebel driad:
object. Therefore, such a belt canngt be used for a to-be-dried object that

does not afl NFh@AS2hHEiRUBsox fadRless steed widvplmogt ghradier fhasse ect .

For exanpl e i S._hot red .t hat t belt is used for dr

" f .
el ectroni cw%té}rlt% csod}:vf?’%lg’rfgape#ﬁ ett%gpﬂ‘.eréleﬁuﬁ’ﬁépr?oRM &@u’&%ltg plate

i i i LD whi t he t t devi
oot oye & o1 5t Ebch rl et R AP R RRe cb PR Bt ACntd PUSE e B £
copLoYe 4 r e : ! ' .

Srml | ot o2 phan pkad Boug] Mk RO S & MLl A e
of the to-pgadlated iaPhgFhstawre hpany @ 1ev@l 85 THWEAL ﬁnf&%‘f‘]@gé&;mo'aﬁirgd

object is transported in a floating state froma support sur

transport dmytserdttinfirsr@d |radiearidncest BeyahelvRERn +an§4E o @bout
impurities such as various kinds of particles dispersed in the drying

chanber 123amdté npbeut i Gem alkatpcoreabpdnisotbathaChaRimil b d¥idndad.
Further, in order to avoid release of inpurities and harnful gases into the
at nospher eawlesyin matémoiahithat s sicsated gacth bohedidfetieé wos pheaeleaobiewds. bed
above, a renoval device constituted of an absorption |ayer that absorbs the
i mpuri ti esFanthhézr maulhgistiord/shapingr pebeingpl € havangi ae hardiaony Ashyapingb,
may be placed in the exhaust path 19. In this case, since the hot air that
are suppl i RATtdoRhe b heemhined with ithecwmesiadepdbky Roiniordenpdratt whe, the
hot air to be discharged is preferably heat exchanged with a cooling |ayer
provided in the exhaust path 19 in order to decrease a tenperature of the
hot air by air cooling when the hot gas is discharged. Third Enbodi nment
FIG 7 is a front view showing a drier still another enbodi nment
according to the present invention. In a-dryer 40 shown in the Figure, a
frame 42 of the dryer 40 is made froma heat insulating material. A portion

A~ Y N o T |



enclosure 48 is provided with many small holes for introducing the hot air
that circulates in the dryer 40 into the drying chanber 32 in the enclosure
48. A gas nol ecul e deconposition device 30 is preferably provided in a hot
air circulation path in order to introduce the hot air in circulation from
which inpurities and the |like included therein are renoved to be clean into
the drying chanber 32. For exanple, the gas nol ecul e deconposition device

30 [ s prefmseb orheposatbidh 3t3PIRRPUCHIPRDL GaRERNal 13N 8 1110 e 40

constituting the upper surface of t osure he” f

nfrar ed. rippl R4 Sarid/ o afblutdl A addW gt e 40 The gas mol ecul e

deconposition device 30 is provided with, for exanple, the heat accunul ator
as described in Pusgitand EAHEAEENY platesnBuhdebeoaple j ing
t he gas nol ecul e deconposition devi c% 30 in theeeﬁlfcl osﬁié%%%%a?iﬁicﬁréﬁed
above, a rbeftweén redestcoll chamdetthesmbealeglabet be SRE! MStHSer&nd Y11 S
in the drying chanber 32. Further, the far infrared radiators 15 canjbe
arranged bétlamd the holaingyshapdng dBate 6.t hRefeLekce intneralll PalidiGated € 44
i s disposed above the transport belt 13 , while the heat insulating plates
46 are respesotket yanil speferkaimyamdmal rangphidated ta ks dviire .t he | ef t
and right sides thereof. Furthernore, the dryer 40 has a doubl e exhaust

duct in the upper frane. The inner exhaust duct 50 of the doubl e exhaust
duct is used for discharge of a gasified solvent or the like froma

t 0- be- dri KL BB Jembodiiment dryi ng chanber to the atnosphere, while the outer
exhaust duct 52 is used for discharge of the hot air that circulates in-the
dryi ng chanber tRIEhet s giRaeE ey (shawing mmsinyer feran iemboddwieddd i n

the dryer 40 a hpt air circulation path for circulation in the drying
chanber ofacf‘ﬁ‘ér%g?g Prt%BEQSFBﬁﬁé’r‘}?ﬁWQS pAtar b9 afebhe gahaddmentt,r om

the f [ d di at Yet furth th ' ided in the d
40 a cont rof ARG e Belky SCPBRRLPaRir & SHYHE RHARIRF diads | an
[ di ati i f [ iati.an, f t f f
i rared roaaa Y SRaes-AAPATERIREE LA e Puitioiy ETECTA! bRl aB,
t o- be-dri ' . 4 j Fl ' ' ti I
i ew show T oL Gy el Bachen O B ciher [ 4% pinsTel SFESELAG, SR Rl

conpri ses Pomgiwdinal Od1LEyeLSn OesET LPaAsHAraRY16h bRe thieh b 1R eyt
enmbodi nrents. Herein, the sanme constituent gbo¥ each of Pt ﬁgbf i%ﬁos:b%t tgl}ltir?:ard

enbodi mentsb et ilndhﬁatmdtdwfbhﬂssarmah&freteaﬁﬁfnoﬁfrq{a%rﬁ frhfebNfy Hagdr €.
each dryer uses an insulating material for the frames . A tenperature in

the dryi ngof hetrederlesan siteeddi dt sposeéd rabmfe fanid bsloer tife radimipcdt balt
surface tenperature of a far infrared radiator) and a di stance between a
far infrarkd eaplaratitnefafev-infrhnestiretjietorsnl eackhanfetiise theear shar e

i ndependently controlled. At |east one of the paraneters in each of dryers
i ncl udi ng BreeHeratiiPes tAILERY MAgnEeRan ot akt closeidasl oeula tkonbatthr

infrared radi ation surfac tgrrp rature of a far infrared radiator, and a
di st ance bﬂ? ¥h Séipfpjryjir}ﬂ‘ ﬁé’ﬁea FagPﬁ%‘dﬁh%ﬂdt%e tRede-afMesR te} £aom $he

di ff tl h her_d : h t in the d

et to be BT ESERS wEehteRerdy e Eo B, tREH RO CRERReF atlr BRGNS
dryi hathes, 1 t I t he t t _inl ide. . =
setting t R moniEuhlt phtn 1, OBEShuR b dinas TR hepPrhtadch arperby

Gr Y119 caopneh e e Shapenctaby 13l ekt OPLT 0N HAON b,

Therefore, a dried product wt

control s airyiiey RHMBELNS Aa8aPeh| XRBREs BYp &tk oY 1 i Lpged to
the dryer as%e ly 56. Further, control %n % vol t age rogﬂ\aécgﬁfgg'r??’qgfaegach
dryer is edff atleeHotsd N 1@ tboth&GaAn¥HH!d eAHBLETRNItHY £ aflds’ BN~ 8he
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, a far infrared radiation layer that emits far infrared

17



controlled el enent, thereby enabling power consunption to be reduced. Fifth
Enmbodi ment FIG 9 is a construction illustration showi ng a dryer assenbly
of anot her ‘enbodi ment according to the present invention . In the Figure, a
dryer assenbly 60 conprises: dryers 10A, 10H and 10C, and an ul traviol et
radi ator 62 provided at a stage follow ng the dryer 10C, which serves in
the process after the far infrared irradiation. The dryer assenbly 60 uses

e hon o HEAARAT Y& prdf b P Grb0188Y G oI Sbefloipldce CTRRE FON o
dryer in tmtd{e»ferie%eaéw ’EHElQr\_Eh htstCH ﬂﬂﬁﬁlﬂéalof@fi%ﬁﬁxggg gh t

i ncl uded. Tabie 1 shows set i ng con |ons e respective

used when ited-diplderr 1B oéfa%eoffa\ﬁh 1 9lFrageqd r%h&u%'fse 15N 4 g’ghﬁBea

resist filmincluding acrylic resin and epoxy resin, O umthi

coat ed on abdvd BhebErdrspaee befl tep9and EheNF&F elnerﬁa%d valngtbhs 15 ¥ee
assenbly 60 with the construction of the Figure, wherein a size of each
print boaratnshded) balow dheatdtansport beld and 1 nmthick. Table 1 specinen
10A 10B 10C 29 a print surface tenperature of radiation irradiation board
radi at or di st andhe hoe giapoxmads tonfilow dewh taedry openinge 2HPrd39d4d0
surface tenperature of to-be-dried object (C 51 53 62 That is ( the set
condi t i onstnghe £xarme tl4afroma el pilanamt chymbvert 18camd tthechbéraimpassedg

radi ators of each dryer way 450C, a di stance between the surface of each
set of thehrgudhhither epentngsatanss Jettedhtnbodihe duyflagechambertl2.o- Fhedri ed
object ( along a vertical direction) was 130 mm an irradiation tinme for
each dryerpwwﬂl%aﬁ)@rahﬁ jeF wansestedhtef the clingulatden patht1omt anese
was ranged from3.98 t Eun. Further, in this enbodinent, the other
condi ti onS4 é"h§€t°°ifnt¥‘ﬁ‘éu$lblq shexdbiantidbe .  EMzdher,r thefax ABLESELE of

each to-be- d ect v, rere abouyt 51C in.the dr 10A on the inlet
si de, abomﬁa ‘?Ihq{arf'e 1i}eyeqramﬁ)I§t|rr’|1 L{:ﬁ’é:ernaﬁdlt@aﬁoglft %&ﬁ; arld about 620 in

the d 10C on,the. out]| 4 d t di t]
bubbl €3 occurr e .eneftr%ﬁieﬁi 4S8 aﬁﬁ”saé'e%“lﬁ?ﬁﬁ T iaies 33opep was

di scol ore \qﬁ.gf h r I sists
of such de ectl ve pri nt g) hu}nmgraeg?grg ﬁ]ri‘g*{]f‘%e\%o g(?)liglﬁtl ons
enpl oyed four@asBsPRGIdBMRESnS Eeh 3” r aacur?é b8yt 4 M@%@P@ﬁbwa&lasec
and irradiation doses were 100 ml/cne, 300 mJ/cn2 and 600 mJ/cn®.

Resul t s ofand tdewivdel withadi af irefgeebe suchot Haw me. t By d:Qx%e.ﬁ\o%h\@n@F)m i ed
in the order of 100 mJ/cnR, 300 mJ/cn2 and 600 mJ/cnR , formation of

bubbl es ardl ddetpacedbetwéan ahieoto vbe edt hed easierd] Y1 dant ehsefhntinfenekd,
wherein an excellent result was obtained especially at the irradiation dose
of 600 ml/ma®lators hbscan be ahiaplged .i rPadhatottmr handvel éhgtanod beltveani ol et
used was particularly 365 nmin the range of from 100 to 400 nm Thus ( it
is found t¥e framrs at4 aandfthy mlenuy ahagfear 1B8hd sf epithfcoasédnitrr adi ati on
of resist of a print board is effective for dr the resist_on_a print
board. Further, %ﬁ%&t&FPoﬁ“dﬁﬁdﬁﬂiﬁﬁt ‘F‘&W‘%‘F’ét d§ prRiEphbed sroes

m)/ cne d b t f f 00 mi/ to_600
0] ore, whot Eobot BFSAR)CEBhF LI BHRPERARCERoBREy ALPe0osbRShol 8- oBP8ngs. I+

such a way te@&%&f@tmdrtx, n%rg,iggeagryers PR Al et D adisTRat 0f bhe

fol |l ow ng par ers in eac S Sur

heyd
of The far CTIYE B é‘ra‘ﬁ‘%ﬁé i gh%?oﬁbtﬁa?.iistdﬁfﬁ?%@?“?ﬁ%?% Bhkon
time, whethery ofg Npi ' Olitfer 'Ja3d! e Yhd %o%plai're%ﬁ%% %&r‘cb&%@b%t' on

doses of ultraviolet. er FIG10is a construction tllustration show ng

still anotiyess gl yeﬁeaa%%‘ﬁ Y RaRBed NG 10 LA PIESENto| AUENHLABsphBrkhe
Figure, a dryer assenbly 70 may conprise: dryers 10A, 10B and 108 and an

ul travi ol eghépsbptsafZindal teapehatiireVbiedhat cirstBgeiRg atedidia t hendryer
10A, which can serve in the preceding process of the far iInfrared

i rradi ati othid vyl yeteapaeaiiye76f uges Hdte adry gefedasadi bgdclien heat of
first to third enbodi nents as the dryers 10A) 10B and 10C. 31
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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On the other hand, FIG 11 is a construction illustration showi ng a dryer
assenmbly of yet another enbodi nent according to the present invention. In
the Figure, a dryer assenbly SO conprises : dryers 10A, 10H and 10C, and a
m crowave radiator 82 provided at a stage preceding the dryer 10A, wherein
a mcrowave is irradiated on a to-be-dried object before the far infrared
irradiation. The irradiation of a mcrowave is applied when a to-be-dried

obj ect co i t { radi atl.o i f L,C e i
oo et eq Aciferdiie 4 Eoofied Wik EhoorP MY Qlorddd ToChPIRHG tiner
dryers 10A, 10B C e t j i t he
fi %lst to third %#&eﬁ#g geﬁ%fastugﬁl 5 ge %eﬁﬁ&%}gﬁéﬁ%ﬁé@ﬁ%ﬁ&t or
and an ul tyrgavé R agr e r S a N r dition
of a to- bej:sé‘rdi:gé&(s):llojigéc'?. L8 LREC diiven féﬂnﬁwTﬁgefgﬁﬁgﬁubn%ﬁ%q%ég A R
and 5 show iirsu A TE bllowelrn2 2aa €11EC B 1spokEd! P81 6w ! EAR AR HE cRhmbBS:

an

drying chanber, a surface tenperature of the far infrared radi;ators,

irradiatiae!i mhatf 163" thefHot ady agi 8ht2HAABEAAE L L EHE ArYANL RaBBL! 2
infrared radiators and the to-be-dried object when the dryér assenbly

descri bed 121 wmouth titee fdirtulladiohi pdtarhediiieot theaplentdh ahambeed1dry
states of the to-be-dried objects were obtained. Table 2 tenperature in

dryi ng i r r&kBpdsearh abogectizdfatrg dilinberel 2 esiTharhatherndt &t rt BsFeiabyr €
(O (sec) (O 32 10A10B10Cepoxy 1001201 00 50 35-45 | 00-160ur et hane
100112100 50 fi®wi8ownr Otaka0-dl tBasdpern ireg D @B3pLawi 464 1130 thésframd dbl €rdm
to-be-dried objects that were prepared by coating al um num boards 20 nm

t hi ck respere Plenpmchamber i andeferthen e tted dntor théadrying chambér

mel ami ne resin, all 300 dun thick were irradiated with far infrared

radi ati on b WREQUEN R PPERIRGS ahYe BhUS GeMBleBing a4 Bgt-adp closed
correspondi to the maxi mum absor bances of the respective resins. Surface
tenperatur%‘glg%l?t??é)’hlllﬁﬁ%um boards which were not deforned and on which

|1 d dit] f.th j i d d h b
Goscri bod setti e sihe soapBery b2 nis ineaat LoPHEE (af 7y SpachyJor 4BaFE i n a
dryi h di f.the.f i nf d di
ant boar d s rues b BRIBEYTER SUERRGSTa 0" A AN ShanRE Rr
each dryergs,yver etk e L8AGekLRelNEo C2S e 0L r ERMY ity raé%ggm_?{ggfegogn the

case of uret'hane resin ang 175C Iin the case of” nelamn

e e e T e
be introduced into the hot air. By introducing nitrogen gas into
the drying chamber 12, oxidation of a resin of the to-be-dried
object can be reduced during a drying process and thereby,
re-oxidation of the resin is prevented from occurring. Hence,

a film quality of the dried resin can be improved. Further, a

solvent generated from the resin is mixed with nitrogen gas and

completely 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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80 90 33 | acquer 70 85 63 50 30-90 55-77 In Table 3, to-be-dried objects
that were prepared by coating 25 mmthick acrylic boards respectively with
films nmade of epoxy resin, urethane resin and | acquer resin, all 300 un
thick, were irradiated with far infrared radi ati on of wavel engths in the
range of from3.98 to 4.63 ~, mcorresponding to the maxi num absorbances of
the respective resins. Surface tenperatures of the acrylic boards which

were not geRiided aifl OfhehidrRy 18 elchafbed Y1201 18NS eddihd €SnNSaVer €

obt ai ned under the above described setting conditions of the paraneters

i ncl udi ng 1@nigdRRAAELr Aiidéct 1dnY iftr Chediesortae bt 8ACenbelvepa-avibgces
of the far infrared radiators and the board surface of the to-be-dried

obj ect andb3edt’ L adiml whichi fErie lecp Sehat nt it d1es FASE paft hePL¥améE S Si A ma88C i N
the case of urethane resin and 50 to 70C in the case of |acquer resin.

Tabl e 4 t @fpstatnlessnstgéehygidispbsad abovar dndubébow dirdEEre Hidans; a
chanberti nmet enperature(C) (sec (C) A BC103 10693120120phenol ) 40epoxy110
112941B01 3. unalidlyl of4£ax dnferadeidetadbators 1harrnamgediapthe Erdamesoati ng
25 mm thick epoxy resin print boards with 300 umthick 34 filnms nade of
ei t her epdxyarstaggeredmansiern:csigas worleduleadeaonporilthiohadevide A0cds

radi ati on of wavel engths in the range of from 3.58 to 6.46 untorrespondi ng
to the rmafhobedrsolenmtng devige diaspaaad gbovedhesfranes ddo fenpxamplees of
‘the print bgards which were not deformed and on which excellent dry

condi ti on@ death@caumppatonic Hheh R pkesed helrgwlatiencpashdlieferng

condi tions of the rameters including a tenperature in a drying chanber, a
di st ance ﬁé’tﬂﬁelé’g'"ﬂﬁﬂf%‘begfﬁf 1Pﬁ%uag?9i thealeat, aﬁﬂ%’?ﬁfsedan’ar?'hegbéaf-ér

Chanber wdiE BN 150018TRS 15 1 o\ nERGn Y GiS CHBRPLEEL: b il & |
mher et 5 € i 1% hEMEadter i cEORPOREs: he ardhis

Cur 1 ace s IR Bhbhq Do blodlh FRBRBATHY ok bERBFEEtyRad¥EsTey <o

30 70-75 e84 ' ' 25

o Chi cle AT SRaKEn E FRLPRRRell f3ud PhBos IRt bl PAZRCIE tiarrh phe"S

acrylic r%&l‘fym@awaﬁm@i abedapht &n f@knddd £ 35 Heh raflisddd QN hat@Melepaips in
the range of from3.98 to 4.63 ~. mcorresponding to the nmaxi mim absor bance
of the resifithe hot air to 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, a far infrared radiation layer that emits far infrared
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 made to flow down toward openings 23 provided
in the frame 14 from the plenum chamber 18 and the hot alr 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 flexible tube. The far infrared radiator
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A surface tenperature 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 35 conditions of the paraneters
including a tenperature in a drying chanber, a distance between surfaces of
the far infrared radiators and the board surface of the to-be-dried object
and an irradiation tine were 70 to 75 Cin the case of acryllc reS|n

such a manfgs, tRE 8R! bePhcEhye CREILR sppghi gve
t o- be-dried object when a sﬁr aeceafle{ﬁrpéegg?ﬁr%f%f ?hedj-i'rg@btgo dried é)'{)j ecq IS

set to a peedetitatioRdpheAPEALY’ 8 $QokBAl cAS A0S fbrﬁftﬁé“%&lﬂaa[& of a
t o- be-dried object occurs by controlling at | east one o e paraneters

i ncludi ng eitreupatesfirom the @iyimg cHanibed’ 123t1EHoudt S HLPRh AN Witanert NE
far infrared radiators, an irradiation tinme of far Infrared radi ati on and a

di st ance bmav\agaiﬁatotbneumfymgobmmb@roxz. and the tobe-dried object for
each drying chanber. Industrial Applicability of the Invention As descri bed

above, the preseTheifwamés it itd athdchedhbofagpphfeatrb@nsadatoys N5 are
to-be-dried objects such as electronic parts, autonobile parts and food
wher ei n f amoiintedranfl thei heat aammulaterad) uaietheop bentn chatibaire18 adre
infrared radiati on of wavel ength ranging fromabout 3 to about 6 um which
cor r espond§1kedite an@xriviedestiser Baitldnseryes as edavatimgimeadsolyleigh from
a far infrared radiation |ayer provided on a netal surface. Especially, the
present i nG8RtPerMmeved t@@%ﬂ@ﬂl dovnwasdfetthbm & nandse-ofr ﬂ@dtob;@@:tmm
constituted of a thin film What is clainmed is: 1. A dryer conprising:

a far infrad¥e8 Péfélt&f‘gr “‘Pﬁ&ﬁ er’r?YstPQr moNeRgREd Badlistaneeoiatngen gihe
adi a1 on ERrbeehrayd nbiser Phiand dher aratnrrased; FRatators 1hean be
L?eESr."L'geg AR 59’%%%%“2 t?‘?g’@éd#%ae“%%%ﬁ& BB RS FIARRE A (P ch
Wi Flhu;ﬁl Ior))e{nlg%gé%]or ] et %5%{ htqfé tl%r g‘?‘f‘n%unt and]‘%tcclt‘]fg{ S‘? r OVI ded
ey e oot S0 ) 1008 FRHSEEE LA P
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 efficlency are fixedly arranged on the frame 14
at predetermined plitches. Radiation fins 36 are fast held on the
surface of each pipe 35. 1In this case, the heat accumulator 30
is heated up to about 400°C. Therefore, the hot air is heated
up when it passes through the heat accumulator 30.
The hot air cleaning device may be disposed anywhere in the
hot air closed circulation path 17. The hot gas cleaning device
comprises the gas molecule decomposition device 30. The molecule
decomposition device heats up the hot air including impurities,
mist and carbon-like materials to about 400°C to decompose gas
molecules 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 1s eventually supplied.



a. hot air closed circulation path for circulating the hot air that is
heated up by heat generated fromthe far infrared radiators; and a control
device for controlling a tenperature in the drying chanber, an irradiation
time of far infrared radiation, a surface tenperature of the far infrared
radi ator and a di stance between the far infrared radiator and the
to-be-dried object. 2. A dryer conprising: a far infrared radi ator that

emits far infrarme gl aloleculle! deBbmbok1¢aKhNdeRL 8- din HdfAthedRiatGlons?
drying chanber in which far infrared radiation emtted by the far infrared

radi at or ilinds eofedtrudture.o- bEn dthed paleiseat Ihvertddl,y iheok@sbedied
obj ect; a plenum chanber f or preparing a downflow of hot air toward the
dryi ng cheefectivélymmatidiwki cthes heatalproduded heyf ahd nfafr aghfradiedt or S
are nounted and which is provided with an opening for jetting the hot air
that fl owsraidimtor®mshdhe pduraihsivbef ¢copped pipesdsBi wljthhandssd heat

el evating device for noving the plenum chanber and the plurality of far
infrared reeRrduetivity arearranged appamededervdnadatnitexvabs . aiflunthesed
circulation path for circulating the hot air that is heated up by heat
gener at ed ¥33%n ar@ PEPVidedaendeaghi afotbe gapparcpipesl 3§elincorder to
controlling a tenperature in the drying chanber, an irradiation tinme of far
infrared rg'&?’é?‘F%?u,aatW%@ﬁcférPd@P&cYur eThe €PRPSRPIPAS 3% dnendieated and

a distance between the far infrared radiator and the to-be-dried object.
up to about 400°C through heat accumulation by the heat. It is

preferred in terms of a heat accumulation effect that this
decomposition device 30 18 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 the 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 accumulator. Impurities in the resin
in the hot air, mist 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 included 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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3. A dryer conprising: a far infrared radiator that emts far infrared
radi ation optimal for drying a to-be-dried object; a drying chanber in
which far infrared radiation enmitted by the far infrared radiator is

directed to the to-be-dried object to dry the to-be-dried object;

chanber for preparing a downflow of hot air toward the drying chanber:

encl osure for enclosing the plenum chanber and the far

an

infrared radi ator;

frame to hatibed pii”i‘*bb&&t@ﬁﬂrh‘ﬁefc%ﬁlpio%fersarﬁ?erﬁgjtﬁfeﬂﬁgfs%uclﬁg? ”?F,”t ed

and which is provided wth an Opening for jetting t

down fromimpeirltaesNantethsrebVBhd RHE &y itihC AN br cﬁdae;i ttio.ngp
for varying a distance between"the to-be-dried object and the far infrared

radi at or s drgy i@t chiaber032dfebhCthé raM gl rdat 19 ©H
that is heated up by heat generated fromthe far infrared radiator; and a

deliean Wdthout ladly istghamateRreaakUAAclGdbAe tikYedd .Chamber) an

contr ol

alr

Bus
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irradiation time of far infrared radiation, a surface tenperature of the

far infrared radnatdescanptdci Smnerdadeesrlddandmier Nf aasey madtahgy and

a plenum

a

gevice

the to-be-dried object. 4. A dryer conprising: a far infrared radiator that

emts far impordtdes neimainbng dpt thehotoaixigyidgdaln to khedslesamhagbera

drying chanber in which far infrared radiation emtted

18 through the hot air closed circulation path 17 are
oxidation-decomposed to be gasified when the impurities and the
like pass i:hrough the heat accumulator that makes up the radical
reaction chamber. Gases that are produced by gasification goes
up to the plenum 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 23 provided in the frame 14. The plenum chamber 18 may
be provided with a filter 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 accumulator.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 mist and dust generated in the course of drying of
the to-be-dried object flows 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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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

t o- be-dried object and an insulating material disposed on the other side,
wherein '.he reflecting plate is opposed to the far infrared radiator; an
el evating device for varying a distance between the to-be-dried object and
the far infrared radiators; a first exhaust duct for discharging a gasified

sol vent orthiheugh leechtalysbaidvi-dee 3drpesvidé®dn the Ul&dﬂ])&t%rﬁﬁﬁ?ﬁ?rgs to
t he atnosphere; a second exhaust duct for discharging hot air that !

ci rcul at esfon examplley igatiaividic 'layerohasihgChos&talys€ Ut Rdt Wil f0r
circulating the hot air that is heated up by heat generated fromthe far
infrared raelvent insthe resdnt,rand dmpurdties romistldnd@uet t eMMRSEAIAYR | N
the drying chanber, an irradiation tine of far infrared radiation, a
surface t chpRApUrd tdestard the 1ike dnedudedi ini thedvat aiditHatnhasheigwan the
far infrared radiator and the,to-be-dried object. 5. A dryer according to
any of cl afFi¥eough $he cakel st devd cead 7 iarier neddceddinagquanthty udFurthemr
infrared radi ation |ayer provided on a surface of a curved netal plate; a
heating de %é!qfoﬁiﬁéﬁttilhgeﬁﬁeimralt%%tre,acm the  dleditng¢stmplatop|3t,e for
hol di ng th&rrgt gl El ate in a_curved shape and/or making the netal plate
assume a cth¥bgléndpe npdicalyngactiqm champen 32y Shrenghnthe miehum

the hot ai FRbEL] 18ceR SHERE oA nERascFbEoNaRoRhe hehambanm.cittee:
O urt nor SRSEHELS DA ior: dectebBdiocPhFLRdne e othia e HasaRRiod
cown 1 rom PRECUFR S EATERE' (21, bnety. C uBEFRRSLAYC, it Anirdises he
Phe Tar i mivar caovaaiyy oAb HOHR e ShGBCaLT T ad RBeh SIATATEAR. %0

A dryer aceprehddniguriltaidd is whenehall saaalpghee&'@%éj%&skgi@%g%gvi ce

has a radical reaction chanber in the 4 encl osure
nol ecul e izl uded in the hot air by a radical reaction.

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

Therefore, such a belt cannot 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 avoild 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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10. A dryer according to claim?7, wherein the gas nol ecul e deconposition
dévice is located at a position downstreamfromthe drying chanber. 11. A
dryer according to claim?7, further conprising: a catalyst device and a
filter device in the hot air closed circulation path in addition to the gas
nol ecul e deconposition device. 12. A dryer according to claim11l, wherein
the filter device is provided in the plenum chanber. 13. A dryer according

to Mai m 7,radiei®idh GhA SRS ﬁmawmeﬁbéﬁcespfﬂéiﬁhlgﬂ@n;ﬁabg%m pyAgati ng

device ) a heat exchanger or a heat accumul at or er accor ||§g to

claim13 thdwessain Foethed!, oteafivhsdoF MPed ol HEEUE&%Pd"‘E"H&Eu@fa e
plurality of pipes nade of a material with good heat conductivity are
arranged adf pisslet@ie B d B 60 £ridm thelTatRi1 RAcPI gl Ng %taa)é,()fth(él ai ms
1 to 4) wherein the far infrared radiator emts far infrared radiation from
above and tmeltmvdiied ohfect itd obarsioriéa fndayelioaesapdistatho raby af
clains 1 to 4) wherein the far infrared radiator is arranged above or bel ow
t he to- be-shppartolfuarfacendfathef keahsporpl déeicdaiitiefd amisl If ¥ldarhhaked
radiation emtted fromthe far infrared radiator is di sposed bel ow or above
t he to-be-therabefiyean. IR sughdaywayactmpuiriiiés suvh ofs otaaiivhsl kiads .
wherein the drying chanber includes an enclosure conprising a reflecting

pl ate di spERRIides digpessedhdnt theeduylng chpmver skl erd ilmpuirdtiieg 41
mat eri al di sposed on the other side of the to-be-dried object. 18. A dryer
accor di ng 8%® Ara¥anted gGramiat tachingticoa erinte boagidosure constitutes a
radi cal reaction chanber., 19. A dryer according to any of clains 1 to 4,
further conpri siFRFtRET cdhorderpte AVPAA xplaare of danurd ties and harafulls
circulating in thg hot ai,r closed circulation path into the atnosphere; and

a renoval T &NgPotRY &Fmas ecXhalsthe hek abr is ddephangefdntia thes in
hccor di ng JHITHREIE CRe RESCPIHEY dbivn, B rohAUaL, davies pane Lowiases  a
ot 3l B, S 1
Chanber { aatertald 2or Skaple ol Motive chThon® 1AKE 08 i 1B bigopg”, "

wherei n a futhacexhedpe it €90f thaH1Gs basdr i ethob ﬂkf'echoiijsaffttht Q 8re
predeterm ned tenperature through control by the control device c?f at | east

one of thesypplarel €6 thensthalistgpathPLes abke detabh§ HEY LAS cipaMehired
surface tenperature of the far infrared radiator, an irradiation tine of
far infrartdwe hadi adirotoahd dischacgedet swemrefidmfiar Hadtr akethahgdidawotnhand
the to-be-dried object. 22. A dryer according to any of clainms 1 to 4,
wher ei n t FfeCeohirglayeyi rreotisind shhetexeagst pashdf9 paranetrets denckadeng a
tenperature in a drying chanber, a surface tenperature of the far infrared
radi at or, GafrSMPeX@tameoAtt the RAt rakr by pdregopdtingt when ate hadi gaante

bet ween tgﬁg‘?{ inf({ared radi ator and the to-be-dried object so that no
def or mat i Sh-S5¥" 3% 0- be-dried ob ject occurs . 42 23. A dryer according
to claim21 or 22, wherein the to-be-dried object includes a thin board
made of acrylic resin and a surface tenperature of the board is set in the
range of froma : t 90C. 24. A dryer according to claim21 or
22, wherein theqﬁg&gg%&}#@&ﬁgg}eect i ncludes a thin board nade of

pol ycarbonate resin and a surface tenperature of the board is set in the
range of from about 70C to about 75C. 25. A dryer according to claim?21 or

22, wherein the pre.be disl @d FoBINRCH1LACHERS NG, BhEEt-LQS}aBQ E‘EQ?l%nS’?H?i‘

resin and a surface tenperature of the board™is set I1n the range o rom

about 120@nit> @kt HRerddeg Acdiner preen® NGved tdlodl.M 24 8T alder WET €i N
the to-be-dried object includes a thin board made of al um num and a surface

t enper at urshooin tilne theaFdgusesed framdesz aowerry doveP alouls HAAE EPombeut
175C. 27. A dryer assenbly conprising a plurality of the dryers according
to any of heladi hsstlabing madelriad .a Apiortivines Boff Paelaeri£lISof thRAE ams yer
including a tenperature in a drying chanber, an irradiation tine of far

i nfrared riddrani g demaimtiest Eor capw@intenancie phepbae.i X daydngr ehamber and
a di stance between the far infrared radiator and the to-be-dried object are
i ndependerd ¥h@énipoPFevided im they framesédbly enmtlorsichdpyt encenchofyre
wherein at | east one of the parameters in each dryer including a
tenperature in a drying chanber, an irradiation tine of far infrared

radi ation, a surface tenperature of the far infrared radiator and a

di stance between the far infrared radi ajors and the to-be-dried object is
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differently set fromthe other dryers. 29. A dryer assenbly according to
claim?27, wherein a tenperature in a drying chanber is set to the |owest on
the inlet side of the to-be-dried objects in a dryer. 30. A dryer assenbly
according to claim 27, wherein the dryer uses insulating material for a
frame . 31. A dryer assenbly according to any of clainms 1 to 4 ( conprising
an ultraviolet radiator for irradiating the to-be-dried object with

ul travi ol aB wFéeiddd it Rerek i ' bS44 % ' ' fyar, i ed
radi ati on fr%%n t he fZJr infrar edééjc;gli@a?%é?bff akag!rl%?q'a{l\gs‘ftel%o i?/]ga%g%#% ng to

cl ai m 31, a6her et Brnld bedioa:téd)ﬁhd@&%eofeﬁiééeﬂe|pqtat@hktfsdpi‘:éf%]é%ﬂgpﬁ
ultraviolet radiator is in the range of from about 300 to about /cne.

33 . A dr peovadsaniiithace dfal Nhfirared id1d@idh layér %hi&?n&ﬁiﬁé NBaAN
t

ultraviolet radiator for irradiating each to-be-dried object w

ul t ravi ol dnfirafrederaétatbeherdtheds bdé @ppdsed toaEaRtiadrared Fadiardrar ed
radiation fromthe far infrared radiator. 34 . A dryer assenbly conpri sing

a pluralifip.of Thaedxyimy clambedi 3¢ L pnyvided!with al trankpot@nNBelsi 19 a

m crowave radiator for irradiating the to-be-dried object with m crowave
bef or e t h&orotsangpprtabbprmf iastorbedduled objsct @ldny malengt tudthabdn
fromthe far infrared radiator. 35. A dryer assenbly according to any of
clai ms 274izectigngr Bar infrawed wadddtsion it amdpded fremsafplurality
transporting the tobe-dried object between the plurality of dryers, between
the dryer 9%&ndhendan tdmfnaned nadiahians 1§ Hatwcare taeranged abeve hthe

m crowave radi ator. .36. A d\rhyer assenble/ accordié}g to claim35, wherein
transport SXANSPRTL, Dl A3 Konardythe ttronkerdiesh ekieat i orAkr abtheing a

' f i nf d iati d ult iolet, 37. A dryi t hod
Compr o1 ngFang B RhEE Aznts R3S réast Arowlden siomthe et i a6 at | on
[ d ' iatd timgl . f ' t 0- be-dried
obj cct by “SIARPEY 180 bbb REE AA7AA 3% P el dbliof Fof, offefat e
f i nf d 1,941 j it : t L4 f { t
For sotti se SPELTeLEes A EFCndud B Bbysf (haf £oiiaipg dotmeestvre

pr edet er mgRedt+beBREARE HECOBYe SO HAP thbNgaR f'ﬁfféﬁ&& ﬁilv%d}tﬁ 1@,&5&15% ar ed

radi ator and the to-be-dried object; a step of Irra e to-be-dried
obj ect w thahged b ar edekadiali aavetet (RoRr 8AEKAKY M ned wavel ength fromthe

far infrared radiator; and a step of supplying hot air heated up by using

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

The upper heat insulating plate 46 constituting the
enclosure 48 is provided with many 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 decomposition device 30
is preferably provided in a hot air circulation path in order to
introduce the hot air in circulation from which impurities and
the like included therein are removed to be clean into the drying
chamber 32. For example, the gas molecule decomposition device

30 is preferably disposed in a space between the heat insulating

plate 46 constituting the upper surface of the enclosure 48 and
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fromthe far infrared radiator to the to-be-dried object through a hot air
.closed circulation path. 38. A drying nethod conprising: a step of changing
a-wavel engt'h range of far infrared radiation in order to supply far
i'-nfrared radiation optinmal for drying a to-be-dried object by changing a
surface tenperature of a netal plate fromwhich the far infrared radiation
Is emtted; a step of setting a surface tenperature for setting a surface

t enper at urthedffdrha niferateddira@da®BreCi5} oA o oEfd HdHthahSAMENY gggt Y.
controlling a distance between a far infrared radiator and the to-be-dried

obj ect; a48.epThk yasandBédulle deRonpoaatdidredeRic8CE0WM & g)zf&fiddﬁ E&gﬁq

radi ati on of the predeterm ned wavel ength fromthe far 4 I nfrare

radi at or; forstegamplelpphyi tpatotaciumdbics 4p Aeseriibadieni geracanad
fromthe far infrared radiator to the to-be-dried object through a hot air

cl osed ci rembctimentpat it shrahlxd beawted thatdyodlspos beg tthebga s ogdécalieect
with ultraviolet after the to-be-dried object is irradiated with far

i nfrared rdagompasitizm dexidey3doglmdiheo énadosudiendst as desorildd whekei,n an
irradiati on dose of ultraviolet emtted fromthe ultraviolet radiator is in
t he range dTadigalageaction cbambent isoformedntn tie enalosune @st,habat
conprising: a step of irradiating a to-be-dried object with ultraviolet; a

step of chihgi¥y thewdring chambede 3@ far infrared

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 1nsu1_at1ng
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 inner exhaust duct 50 of the double exhaust duct
is used for discharge of a gasified solvent or the like from a
to-be-dried object in the drying chamber to the atmosphere, while
the outer exhaust duct 52 is used for discharge of the hot air
that circulates in th drying chamber to the atmosphere.

Still furthermore, there is provided in the dryer 40 a hot
air circulation path for circulation in the drying chamber of the
hot alr whose temperature is raised by heat generated from the
far infrared radiators. Yet furthermore, there is provided in
the dryer 40 a control device for controlling a temperature in
the drying chamber, an irradiation time of far infrared 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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radiation in order to supply far infrared radiation optimal for drying the
1 0-be-dried object by changing a surface tenperature of a netal plate from
which the far infrared radiation is emitted; a step of setting a surface
tenperature for setting a surface tenperature of the to-be-dried object to
a predeterm ned tenperature 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 predeterm ned

wavel ength fromthe far infrared radiator; and a step of supplying hot air

heat ed up by usimg.hegit 15eRer Sieshd 14N 586t18hal nw%edsr{&?’irﬁgt 0551 h&lx g
1 rylng

to-be-dried ob ject through a hot air closed circul ation pat

met hod corawdenibly: 546accaralfg €6 tihe peeabhgihtient PoRetKt & gth a
m crowave; a step of changing a wavel ength range of far infrare |at|on

in order tplunaiilty fef dpvessedeseftiidedon mPAnyRbel AhedrHi Mgk atéotﬁﬁrﬁ“ ed
obj ect by changing a surface tenperature of a nmetal plate from whic

far infraremboddaiieattisan Herefnt t€ite samet epnetiteéhts b f edehf GETHLFRBER Ur €
for setting a surface tenperature of the to-be-dried object to a

pr edet er niteethiedesbadimentys aoatinditatgdbylthée same befseencantmerank:, ar ed
radi ator and the to-be-dried object; a step of irradiating the to-be-dried
object with far In the Figure, each dryer uses an insulating material for
the frames. A temperature in the drying chamber, an irradiation
time of far infrared radiation, a surface temperature 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
contrclled.

At least one of the parameters in 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 radiator 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 setting the parameters in an arbitrarily proper manner
in each dryer, drying can be performed in elaborately-selected
optimal conditions. Therefore, a dried product with an excellent
quality can be attained. The controls 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

is effected using a voltage-controlled element or a current-
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infrared radi ation of the predeterm ned wavel ength fromthe far infrared
radiator; and a step of supplying hot air heated up by using heat generated
fromthe far infrared radiator to the to-be-dried object through a hot air
cl osed circulation path. 42. A drying nethod conprising: a step of changing
a wavel ength range of far infrared radiation in order to supply far
infrared radiation optimal for drying a to-be-dried object by changing a
surface tegpgt o] al f Leh f i r.ed r.adiation
is emtted; a g?]é%@gf E%g[tntglmr:lg gﬂéﬁéﬁgcéﬁtgg&n%ggalptgg grf %onse |atr+éma tQiece

t enper at uree@icélde to-be-dried object to a predeterm ned tenperature 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
the far infrared radiator to the to-be-dried object through a hot air

cl osed circul at i Bhftiat Pmbeldimerst step of irradiating the to-be-dried object
with far infrared radi ation of the predeterm ned wavel ength fromthe far
infrared radiator; and a step of supplying hot air heated up by using heat
produced fromthe far infrared radi ator after cleaning the hot air to the
to-be-dried obj e€IGt hfough aa dwristatuctclasetll tusEoaioRNshdwing43 d-yHyi Ng
nmet hod according to any of clainms 37, 38, 40, 41 or 42, wherein the "hot air
suppl i ed tassemblyofcanhthar ebbediment pogoaddagf t@hha pleyaint $heekt B6n &
downfl ow. 44. A drying nethod according to any of clains 37, 38, 40, 41 or
42, wher ei T2 fidte FApuzLed dayest 29femply 60acomprdshsi rdxryers 408 DOB famam
about 3 ~cp to about 6 ~m corresponding to the maxi num absorbance i nherent
to the t o-ﬂ%caﬂ%aeu}%faaw@@ gediator ehprovddediatimatagg fidldowing
wavel engt h_range of _.far infrared radjation. 45 A drying nmethod according
to any of E‘i‘%irbﬂ%'%r71°§8)wwlbrseﬂ?sf{nt% PEBRAFE e m thechanilnfinansidchg

for causin | ,I react i.on by gas .dec osition of inpurities in the
hot air tha P%éf%tﬁg? éseI?‘r? Ph¥eh & aﬁ"}chyf ggg‘éﬁ?ﬁ t8G SEYSRS Raspectdvely
A9 A LA @Fﬁl . A b ACALL AU AUY, AALL A3?. AF3R. A

v AU A@A cli\ > Airf‘3aer§ Arﬁ%, _tke first =toU¥h1rd embodiments. It should

2. AUF, . A . ALY, AE2, A3Y? Y, A
R ALy A ROV SR P AT aB e AR e "1 s 58 ehiFoe units of the

Ay. AAR. AhegApéer Whee i §8 c
a{c RaU] caU] cal] ;NadU] cawu?gh]gcgﬁ]%?%%ﬂu?g&a@t&a]q@gﬁ ((:)g] Iggﬁfc%tﬂﬁ%aﬁecélﬁji é:e?U] cau
] cal] cal] aedy clsd cxiad Dikted .

48knx/ 7" bl zupj e_ZT] U] ca] cal] ca] cal] ca] ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca
] cal] ca] cal] ca] cealiloa]lcshhes|seatling] cahfits) oas]|fmakbaZrespective dryers

that used when to-be-dried objects each of which has a structure

in which a resist film including acrylic resin and epoxy resin,
300 um thick, is coated on a print board made of epoxy resin are
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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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 bubbles 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 of 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/cm? or more and more
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, sufficlient drying results were obtained by adjustment
of the following parameters in each of the dryers 10A, 10B and
10C: a surface temperature of the far infrared radiators, a
distance between the surfaces of the far infrared radiators and
the to-be-dried object, an irradiation time, whether or not
ultraviolet irradiation is applied 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 10C; and an ultraviolet radiator 62 that can be provided at
a stage preceding 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.
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the present 1nvention. In the Figure, a dryer assembly 80
comprises: dryers 10A, 10B and 10C; and a microwave radiator 82
provided at a stage preceding the dryer 10A, wherein a microwave
is irradiated on a to-be-dried object before the far infrared
irradiation. The irradiation of a microwave is applied when a
to-be-dried object contains much water. An irradiation time of
the microwave is adjusted according to the content of water in
a to-be-dried object. The dryers 10A, 10B and 10C used are the
same as those described in any of the first to third embodiments. .
It should be noted that a microwave radiator and an
ultraviolet radiator 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 parameters 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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coating aluminum boards 20 mm thick respectively with films made
of epoxy resin, urethane resin and melamine resin, all 300 um 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 were not
deformed and on which excellent dry conditions of the resins were
obtained under the above described setting 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 130°C in the

case of urethane resin and 175°C in the case of melamine resin.

Table 3
temperature in drying irradiation board surface
distance
resin chamber time temperature
(mm)
(°c) (sec) (°c)
A B C
epoxy 75 96 89 50 180 80
urethane 70 95 61 50 180 90
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In Table 3, to-be-dried objects that were prepared by

coating 25 mm thick acrylic boards respectively with films made
of epoxy resin, urethane resin and lacquer resin, all 300 pm thick,
were irradiated with far infrared radiation of wavelengths in the
range of from 3.98 to 4.63 pm corresponding to the maximum
absorbances of the respective resins.

Surféce temperatures of the acrylic boards which were not
deformed and on which excellent dry conditions of the resins were
obtained under the above described setting conditions of the
parameters including 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 were
80°C in the case of epoxy resin, 90°C in the case of urethane resin

and 50 to 70°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 Cc
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 um thick
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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 including 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

drying 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)
(C) (sec) (C)
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 films made
of 300 pm 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 obtalined under the above described setting
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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 predetermined temperature so
that no deformation of the board of a to-be-dried object occurs
by controlling at least one of the parameters including a
temperature in a drying chamber, a surface temperature of the far
infrared radiators, an irradiation time of far infrared radiation

and a distance between far the infrared radiators and the to-

be-dried object for each drying chamber.

Industrial Applicabllity of the Invention

As described above, the present invention is adapted for
applications in drying to-be-dried objects such as electronic
parts, automobile 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 um, which corresponds
to the maximum absorbance inherent in a to-be-dried object from
a far infrared radiation layer provided on a metal surface.
Especially, the present invention exerts a conspicuous effect on

a to-be-dried object constituted of a thin film.
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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 downflow of hot air toward
the drying chamber;

a frame to which a plurality of the far infrared radiators
are mounted and which 1is 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
alr that is heated up by heat generated from the far infrared
radiators; 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.

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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the drying chamber;

a frame to which a plurality of the far 1nfrared.radiators'
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 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 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.

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 downflow of hot alr 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
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"10%% () -4%% 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
air that is 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-dried object.

4. 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 radlator 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 the other side,
wherein the reflecting plate is opposed to the far 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 drying chamber to the
atmosphere;

a second exhaust duct for discharging hot air that
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air that is 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-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 curved shape and/or making the metal
plate assume a curved shape.
6. A dryer according to any of claims 1 to 3, whereln the hot air
closed circulation path 1s a closed path through which the hot
air circulates from the drying chamber through the plenum chamber
again to the ering chamber.
7. A dryer according to any of claims 1 to 3, further comprising
a gas molecule decomposition device that is provided in the hot
air closed circulation 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 plenum chamber and
the far infrared radiator at a site close to the far infrared
radiators.
9. A dryer according to claim 7, wherein the gas molecule

decomposition device has a radical reaction chamber in the
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decomposition device is located at a position downstream from the
drying chamber.
11. A dryer according to claim 7, further comprising: a 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 claim 13, wherein the heat accumulator
has a structure in which a plurality of pipes made of a material
with good heat conductivity are arranged at predetermined
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.
l6. A dryer according to any of claims 1 to 4, wherein the far
infrared radiator i1s arranged above or below the to-be-dried
object and a reflecting plate that reflects far infrared radiation
emitted from the far 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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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 obiject 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 control by the control device of at least one
of the parameters including a temperature in the drying chamber,
a surface 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.

22. A dryer according to any of claims 1 to 4, wherein 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 between the far infrared radiator and the to-be-dried

object so that no deformation of the to-be-dried object occurs.
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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 set 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
temperature 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
parameters in each dryer including a temperature in a drying
chamber, an irradiation time of far infrared radiation, a surface
temperature'of 1‘:he far infrared radiator 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 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 radiators and the to-be-dried object 1is
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insulating material for a frame.

31. A dryer assembly according to any of claims 1 to 4, comprising
an ultraviolet radiator for 1rradiating the to-be-dried object
with ultraviolet after the to-be-dried object is 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 the ultraviolet radiator is in
the range of from about 300 to about 600 mJ/cm?.

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 irradiated with
far infrared radiation from the far infrared radiator.

34. A dryer assembly comprising a plurality of the dryer according
to any of claims 1 to 4, comprising a microwave radiator for
irradiating the to-be-dried object with microwave before the
to-be-dried object 1s irradiated with far infrared radiation from
the far infrared radiator.

35. A dryer assembly according to any of claims 27, 31, 33 or 34,
further comprising transport means for transporting the to-
be-dried object between the plurality of dryers, between the dryer
and the ultraviolet radiator, or between the dryer and the
microwave radiator.

36. A dryer assembly according to claim 35, wherein transport
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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
radiatbr 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
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.

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 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 1nfraredl
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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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; and
a step of irradiating the to-be-dried object with
ultraviolet after the to-be-dried object is irradiated with far

infrared radiation.

39. A drying method according to claim 38, wherein an irradiation
dose of ultraviolet emitted from the ultraviolet radiator is in
the range of from about 300 to about 600 mJ/cmz.

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 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-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 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 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 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 generated
from the far infrared radiator to the to-be-dried object through
a hot air closed circulation path.

42. 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 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 supplying hot alr heated up by using heat generated
from the far infrared radiator to the to-be-dried object through

a hot ailr 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, wherein 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 um 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 or 41,
further comprising a step of cleaning for causing a radical
reaction by gas decomposition of impurities in the hot air that

circulates in the hot air closed circulation path.
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