; ghi j e3e, $h: 6T, 24 March 2003 DRYER) DRYER ASSEMBLY AND DRYI NG METHOD
Technical Field The present invention relates to a dryer, a dryer assenbly
and a drying nethod that are applied for drying a to-be-dried object using
far infrared radi ation. Background Art There has convent ixnfidrghlEsog known
@ dryer using far infrared radiation. A far infrared radiator used in the
dryer is a metal pipepmise pRYER ASHEMBGE AND DrYthdetesbp a far infrared

| ayer, ceramics and the li1ke. In such a dryer. hot air that is heated by a
far infrared radiator is circulated in a drying furnace . Such a hot air
circulation nethod has generally been adopted in a drying furnace .

Especi al | yTechnhcahs®lelitre a to-be-dried object is a thin film board made
froman epoxy resin on which acrylic resin is coated, there have arisen
probl ems t hat thEhe pugseaiti tavesdjlom rekatrsitods dFyarhi gloyerpessanhly and as
aresult, the resin is burned or the board is deforned when the to-be-dried

object is @Pfed GEYHRI rmathadk thatqaraqrertint £oF AgYiRE Aote-Rerdeind

wavel engt h r the jo-be-dri obj.ect .. Therefore) a wavel ength range of the
far infrar 8&?(#8& 'é#’bﬁ'\ ’ﬁ%& ERE iF?@ﬁa{fm{'he | onger wave side fromthe
wavel ength correspondi ng to the maxi num absor bance and thereby, a drying

ti me becones longer and a quality of the product is problematic. Besides,

i mpuritiesghhBkhvdafdi Art he dusts, a solvent in resin and the |ike,
generated froma to-be-dried object in a drying i~~~~~~~~ ~~ I O~~U~~~~

24 March 2003 prohess, has ocomeshtidmallyt beien Koben tahalidydr aigimpra ni ng
such materials is circulated in a drying furnace, the materials attach to
resi st on dnframedpovadtatinn.calstar dadrezraicnedbator tusedddpi hige ptawsass. For
exanple, mnute sized inpurities in the hot air stick to the surface of the

resist, whilér peéaLcdrs ¥irRsovter petecs dsaravided vhieh qifarpirgrade

th hand,, _har nf ul d l.j k ted.i i f
Fesin or i REYRFket o ERRET aRdC £he e n TR TRIA R pePef o i 82T BRFE T nace,
Whi ch_exer b5 4BadAVE RS dnalBHGA A LbRA O ARTRR!1n TUE1BREHRRNaLAYEN! | OF

has been nmade 1 n order to solve the above problens and can ifradiate a

t 0- be- dr i eduehj @diotValilr EffculdtivrefletROA dlds0geharally deaphiasptedave! engt h
in an effective and efficient manner. It is accordingly an object of the
present i nwedrydngt fupnagede a dryer and a drying nethod that can reduce a
time to be required for_drying w thout deformati on of a tobe-dried object

regardl ess of a RPRECHAILE iR 216388sWRETe et hedidadabdereds anditan

t hereby achi,eve an excel lLent dried state. li.1s, another obj.ect to.provide a
dryer and. & GPRTr SRER 5P et o Bt it R BOSH P85 % e et
manner suchlhal naed ta'l‘i.%e‘ilfpfcmll&idst LESt itRedpSIrs - 5Al0dehb 14k 1eShdhadyl the

| i ke generated froma to-be-dried object in a drying process reaches a
surface of tv arnidh kempdratuidandi &£ a pasulitherabyredity iBgbwingd 6€itHeON
parts can be effected in a good yield, and in addition, in which special
consi der at itmards 1gidafiormedewven dheete -y dried okjedted sodried wsdhggear or t he
| i ke generated in a drying process of resin or the like is released into
the air frdm&aeeeds ypﬁéa; hAaying 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 drylng 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
*166166™
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24 March 2003 The disclosure of the invention A dryer conprises: a far
infrared radiator that emts far infrared radiation optimal for drying a
to-be-dried object; a drying chanber in which far infrared radiation
enmtted by the far infrared radiator is directed to the jo\pscHr2§830bj ect
to dry the to-be-dried object; a plenumchanber for preparing a downfl ow of

ot rared PRAPaRS LeixaS 4t %ax&ﬁ often, e deCanE et dn bl eian, Tor -
jetting the Beiapl o Bokadl ew 4 ,g,;ﬂ{avknfngéeewgbstance tsog\?{éjcl} ne

dryi ng chanber; an el evating aryin et ween

to-be-dri ed abienl oA trhﬁtft%aﬂmaﬁar&@s@am@drﬁfeme%da%toﬁlthecaﬂ%b
circulation path for ci rcuI ating the hot air that is heated up by heat

gener at edpkboesshe HFoy exampaeedmiaviat oixsd anmpuaicassr oh dryi ke Tl
controlling a tenperature in the drying chanber, an irradiation time of far
i nfrared s&dckt tonthe surffanee ofether nestst ofwhilch paoduckr ar esuseadiaat or and
a distance between the far infrared radiator and the to-be-dried object.

electric short in the wiring. On the other hand, harmful gases

and the like generated in a drying process of resin or the like

are released into the atmosphere from the drying furnace, which

exerts an adverse influence on the environment.

The present invention has been made in order to solve the
above problems and can irradiate a to-be-dried object with far
infrared radiation having an optimal wavelength in an effective
and 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 reduired 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 achlieve 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 consideratlion is given to environment so that
neither of harmful gas or the like generated in a drying process

of resin or the like is released into the air from the drying

furnace.
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A dryer conprises: a far infrared radiator that emts far infrared

radi ation optimal for drying a to-be-dried object; a drying chanber in
‘whi-ch far infrared radiation emtted by the far infrared radiator is
directed to the to-be-dried object 3 24 March 2003 to g} yndrBR Jope-dried
object; a plenum chanber for preparing a downflow of hot air toward the
drying chanber; a frane to which a plurality of the far infrared radiators

are m)unt,ﬁ% %q_gcﬁgéﬁnp?i%f p{hoeviigl%g %ﬂ%p an opening for jetting the hot air

t hat fl ows down hé" pl'enam chanber toward the drying chanber; an

el evating devi geqf 04, NEBMIIY e3¢ Pl €enum chanber and the plurality of far
i nfrared radi ators, as one body, upward or downward; a hot air closed

circul ation paghederinFracdbiatdditioiethgt chittst bat imrhadiedadpaiodeat
generated fromthe far infrared radiators; and a control device tor

control | ioptimatlefper atyimg iah tichdeddyioad otipedasr ) an irradiation time of
far infrared radiation, a surface

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

a control device for controlling a 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 dryling 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



tenperature of the far infrared radi ator and a di stance between the far
infrared radiator and the to-be-dried object. A dryer conprises: a far
infrared radiator that emts far infrared radiation optimal for drying a
to-be-dried object; a drying chanber in which far infrar nafiabi

emtted by the far infrared radiator is directed to the %gjﬂgegf?gg@object
to dry the tioybthdrtedbabjmied ohjpbtnum chanber for preparing a downfl ow of
hot air toward the drying chanber; an enclosure for enclosing the plenum
chanber and tha pkenumechanker faginrepariagiz dewnfdowsfchot adiruteward, of the
far infrared radi ators 4 24 March 2003 are nounted and which is provided
with an &HenfR¥ing, cham®éhyy the hot air that flows down fromthe plenum

Chaber o ot el B Bl nfhed SRR S
R L
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
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



radi ator; and a control device for controlling a tenperature in the drying
_chanber, an irradiation tine of far infrared radiation, a surface
tenperature of the far infrared radiator and a di stance between the far
infrared radi ator and the to-be-dried object. A dryer coapiias§ts 2007 ar
.infrared radiator that emts far infrared radiation optimal for drying a

t 0- be- dr ik ABHIREEA anddwlyidly ishprdvaideidwith af dpeniny FakejbtAN@EhON
emtted by the far infrared radiator is directed to the to-be-dried object
to dry thett elbetltat Ellowdhjdoemn; from ehe qrianuy chanteditopasddiendopengi de of
the to-ba-dried object and an insulating material disposed on the other

si de, whegh#mberie refl ecting plate is opposed to the far infrared radiator;
an el evating device for var%'P a di stance between the to-be-dried object

and the far infRard@vakdrdt c%iﬁqqsﬁa§¥a¥§u§td&&&PnPSrbGFgeﬁ%rbh%g a
gast {1 o0 SPhEe 8 LASohL “6nd R U8 WRERECGE R OGRL L1 L1 crving,
that 5 a hot air closed circulation path for circulating the hot
alr that 1s 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 lthe 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 1s opposed to the far infrared
radiator;

an elevatling 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



24 Nhrch 2003 circulates in the drying chanber; a hot air C osed
circulation path for circulating the hot air that is heated up by heat
generated fromthe far infrared radiator; and a control device for

controlling a tenperature in the drying chanber) an irragjati | of far
infrared radiation, a surface tenperature of the far infggﬁgéﬂﬂ1gpgﬁor and

a di st ancelpeulatas tive thgr drvirarehambeti:at or and the to-be-dried object. In
the dryer,the far infrared radiator_includes; a far infrared radiation

| ayer provided dRoE aLFrHAsess chreifatdpnpakh AL CdrcylrEing dhedbotce for
heating th tal plate; and hal di .ng/ shapi n | at e, for_hol di t he net al
plate in SEuRY 45, disatedore byt Ynetheet BhPu, the et reded
shape. In er the hot air closed circulation path is a closed path
t hr ough mﬁégﬁagﬂ%'ﬁg¥iair circulates fromthe drying chanber through the

pl enum chanber 2@8hBrdP dbbecs EvktdntdMi¢hg albé ﬂﬁurefmkﬁsrar%ﬁgri ses a
gas nol ecul e deconposition device that is provided in the hot air €l osed

circul at i enafbén, aarittanztignttitenof farr idfrdrdd paGLaionsh f & GareRBep! enum
chanber. In the dryer,the gas nol ecul e deconposition device is |ocated

bet ween t hempérature lofnbbe fardinfirafed radileipedand @ distante beswbencl ose to
the far infrared radiators. In the dryer,the gas nol ecul e deconposition
devi ce hathe famiinfraxed rpdhatenmngd the tieebendrsedrebiest+enoving a gas

nol ecul e included, jn the hot air by radical reactign. In the dryer,the
gas ol ecul e d ﬁoﬁ%ﬁisBﬁ'mﬁ/i{%‘: -jsnafrared radiator 1lncludes: 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.

In the dryex.' ., the hot air closed circulation path is a closed
path through which the hot ailr circulates from the drying chamber
through the plenum chamber again to the drying chamber.

The dryer,further comprises a gas molecule decomposition
device that is provided in the hot air closed circulation path
for cleaning the hot alr that flows down from the plenum chamber.

In the dryer,the gas molecule decompositlion device 1is
located between the plenum chamber and the far infrared radiator
at a site close to the far infrared radiators.

In the dryer,the gas molecule decomposition device has a
radical reaction chamber in the enclosure for removing a gas
molecule included 1n the hot air by a radical reaction.

In the dryer,the gas molecule decomposition device 1is
located at a position downstream from the drying chamber.

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



| ocated at a position downstreamfromthe drying chanber. The dryer,
further conprises : a catalyst device and a filter 6 24 March 2003 device
in the hot air closed circulation path in addition to the gas nol ecul e
deconposi tion device. In the dryer, the filter device isy)pngyicfesobs the

-pl enum chanber. In the dryer, the gas nol ecul e deconposition device

I ncl udes daviieat imghidekibt @airachesed exdoicalgeélonrpathdat addictinn abathe | N t he
dryer, the heat accumul ator has a structure in which a plurality of pipes
made of @asamedeghlej decopnasiffdan dewdieetivity are arranged at

predeterm ned_intervals. In the dryer, the far infrared radiator emts far
infrared radi &0 &Rer AEYSadfe fdhdebefevittels Papyvidedednobhechlenun  he

dryer, tkr}Fglf%r infrared radiator is arranged above or bel ow the to-be-dried
object a a&‘FEf‘Iecting plate that reflects far infrared radiation emtted

fromthe far igffl ﬁgytéﬁg{xﬂér glﬁsin%l%cﬁlg%f&%]&ﬁl %Wt%naé’&y d Decigadye-dried

object. In the dryer, ng cha Clides an enclosure conprising a
reflecting nilatfgdaspPeed £heditc ekbHBNGEr LE 4 i AccBfuPRESE! and an

i nsul ating material di sposed on the other

In the dryer,the heat accumulator has a structure in which
a plurality of pipes made of amaterial with good heat conductivity
are arranged at predetermined intervals.

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

In the dryer, the far infrared radiator is 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.

In the dryer,the drying chamber includes an enclosure
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 1like from the to-

-1



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 atnosphere: and a renovah \s\drc8oprovi ded
in the exhaust path for preventing inpurities in the hot air from being

di schar geeeidnried hrbiachobpidecdrysng t@@r‘i&ﬂé\' Lnthethg RtRASPHeTR: camdri ses: a
first exhaust duct for dischargin asified solvent or the Ilke fromthe

to "r i 2 FRFeRd 208hapst gdnely SB?e%f" FHaFﬂ%nQIL Fhfg h@ﬁahrP&éL that h _
G roul at f%‘g‘&?#ﬁ&a 181 S et iHg Wehprs' 16 TR hf?teeheofjr;lia; taat -
surface terrperlq;t{:lﬁ Q%e}:hg sl fQS c‘:re g:grg.ﬂlfgtof' ﬁléﬁa egétfgﬁigéfn ned

tenperature throu nt f ol ntro evice o e of the

par anmet er g i §i u.dj 9% éd@ﬂaeﬁ@haaete:ﬁpéf@c&revmﬁ:o@gﬁn%htralsyffé\ﬁ&

tenperature of the far infrared radiator) an irradiation tinme of

infrared ¢ortirdl @evded dfstaanteadetswenot hehd gparnaretared 1hadudling and t he
to-be-dried object. In the dryer, the control device controls at |east one
of par anetemperatsinedingthe deyperyg athambein a sinfiang thmpbrature ofir thee
tenperature of the far infrared radiator, an irradiation time of far

infrared faRli SRFEArethdradtatanan bEFTRdiation rhme of ofal Aafrared and t he
t o- be- drled ect s hat _no .def orma e to:-he- ect occurs.
In the dr¥& W@ ?Bgt#et 3??‘88 Rfuean Hﬁ%r}tﬁfeé“gr?’r'ﬁqﬁ SgPh and'gl] BReacrylic
resin an AL ature of the board is set in the range of from
about SOCCj:t aﬁ{oﬁt(;5 8&%?% the dryer, the to-be-dried object includes a

thin board madﬁ; GheParyea! BROadch 1R ReddeacsHEfSlE dtCMRALY HLE §F the
board is set in the range of from about 70C to about 75C. In the dryer, the

t 0- be- dr i paranigt=is includiary a temperhtard impal@rgh ngphanbeasi a1 sapflade sur f ace

tenperature of the board is set in the range of from about 120C to about

145C. | n teérperature of Hhe &béiiéraﬁeddtﬂ@@toirncdnmdé?aéiﬁhmnttda'ﬁdOfrade of

al um num and a surface é:ian%erature of. t he bo% rd is set in the range of from
agion

about 100€2% otifiFgFed1 7o SRA\Br LS RRpe between the far infrar

radiator and the to-be-dried object so that no deformatilon 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 temperature of the board is set

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



The dryer assenbly conprises a plurality of the dryers , each as a unit)
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 radiator and a distance between the far infsanag dipdbggor and
the to-be-dried object are independently controlled. In the %rryer assenbl y

, in at | east ITHeedoyer A8spab hyrebmpsisas aggiurkary ofehediryera | e@gpgRr at ure
in a drying chanber, an irradiation tine of far infrared radiation, a
surface tasyeenadly.eparanékersarin pachrdryemdingtlodiagda atefipsiratuzebthween t he
far infrared radiators and the to-be-dried object is differently set from

t he ot hera @&ydng chamhere apgragdadigpytime, of faredafgpeed FadigtyPng chanber
is sat to the | owest on the H%ﬁb si de.of the to-?e-drie ohjects in a
dryer. | P EREEAFESMREEATHES OF Fhe FaToiREEAted REALAEPRGRME ALsiparer o

f R j i i_at f

¥ radi at | DS ST ERE RS LA EER iR BR dhd FAY & He iR Aaddl ape 1 o

obj ect i smdégaéﬂd%t,&q_y/\@gﬁti@né@j rared radiation fromthe far infrared
radiator. In the dryér assenbly, an irradiation dose of ultraviolet emtted

fromthe ultram ehetaryst aseembsyi,id BE I6H0C ok df WMeaPOEEmet¥st Onabout
600 mJ/cn2. The dryer assenbly conprises an ultraviolet radiator for

i rradi at i egcleadhyen- bectudioly obj temperatuns t tmvaoldeyibgf chembér, t anbe- dri ed
object is irradiated with far infrared radiation fromthe far infrared

radi at or . 1pradiation timeofFambnfrarad Fadtabln 8 MRELacaAdeapgraturet y of
the dryer conprises 1 crowave, radiator, for_jirradiating the to-he-dried
obj ect vi oh The, Eagy ofEanad 1enlaten,ang % fisfanee betRRPD GERR cBaki ¢ h f ar
infrared LAl i nf.rare [ T |y
furt her coiprebed Babl AR Bnltting ot BbrRe B0 cBRbe 1 A1 PEER AR RRE Y e
bet ween t pgom| the&lldtherolargeyer s, between the dryer and the ultraviol et
radi ator, or between the dryer and the mcrowave radiator. In the dryer

assenbly, trankpahe depgss assepbdyi.Getempéhaturnin s drgingesmsntear 1s
transmtting a mcrowave, far infrared radiation and ultraviolet. A drying
met hod co@ptkiteshe 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
irradliating 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.



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
changi ng a surface tenperature of a netal plate fromwhich the far infrared
radiation is emtted, said far infrared radiation of a veyeigagtsodging in

.the range of fromabout 3 (err)mto about 6 (err)mcorresponding to the
maxi mum absor bance inherent to the to-be-dried object; a step of setting a

surface tenmpefd Uil dora s@idd130 coniifAe ErparAl i@, obrLhget p:pe: dri ed
object to a predeterm ned tenperature by controlling ‘a di stance between a

far infrasmek £l %.t@E.cﬂﬂ‘daxtréle:atd(l-allerzdEbedi@ﬁ@ﬁéﬁirf’%air&ot@f-bh'lﬁﬁijé@ting,the
to-be-dried object with far infrared radiation of the predeterm ned

wavel engsty ddowt thenifcaowant reerfeder tuk abebe -anted @b je24 Manebal098%ea step of
supplying hot air heated up by using heat generated fromthe far infrared
radi at orwigh tfer tofiraredi zddbdfieenr fiowugle £awtinfirareldosediatscul ation
path. A drying nmethod conprises: a step of changi ng a wavel ength range of
far infrared Tt®adry2s masembRpoBurther comprises transport means for

transporting the to-be-dried object betwsen 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 1s provided with
transmission means for transmitting a mlcrowawve, 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 inErargd 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,
said far infrared radiation of a wavelength being in the range
of from about 3 um to about 6 um corresponding to the maximum

absorbance inherent to the to-be-dried object;

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 cobject;

a step of 1irradiating, the to-be-dried object with far
infrared radiation of the predetermined wavelength from the far

infrared radiator; and

10



radiation in order to supply far infrared radiation optimal for drying a
to-be-dried object by changing a surface tenperature of a netal plate from
which the far infrared radiation is emtted, said far infrared radiation of
a wavel ength being in the range of fromabout 3 (err)mt ut r)m
torrespondi ng to the maxi num absor bance i nherent to the ?g?@%!ﬂ?§£gﬁ%bject;
a step of setting a surface tenperature for setting a surface tenperature
of the to-be-daisedpady eapplpiny RoedaieR @l natlub P ling a
di stance between apfar i%?rggga radi at or andu%he t%?%%?g??éﬁﬁgg%égé; a step
of i rradifapinnthe fert bafrarhd eddbbfecttorthd fevbe-Hrriameds | ahiredgRf the
predeterm ned wavel ength fromthe far infrared radiator; a step o?
suppl yi ng§ het air ekesed clFamlatidengphtht generated fromthe far infrared
radiator to the to-be-dried object through a hot air closed circulation
path; and a st®fofing makhedi FEMPRESEd: be-dried object with ultraviol et
after the to-be-dEied bject is irradiated wwth far infrared radiation. In
the drying method ?%nO?rF§8P§ FHnRoWaEesength r Banse cPLehnrt dofraned t he
ultraviolet radiator is in the range of from about 300 to about 600 mJ/cnR.
A drying nethod conprises: a step of irradiating a to-be-dried object with
ultraviolet; 1l 24 March 2003 a step of, changing a wavel ength range of
far infrared radiation in order to supply far infrared radiation optinal
for drying the to-be-dried object by changing a surface tenperature of a
netal plate fromwhich the far infrared radiation is emtted, said far
infrared radiation of a wavel ength being in the range of from about 3
(err)ymto about 6 (err)m corresponding to the maxi mum absorbance i nherent
to the to-be-dried object; a step of setting a surface tenperature for
setting a surface tenperature of the to-be-dried object to a predeterm ned
I'la 24 March 2003 tenperature by controlling a distance between a far
infrated radiator and the to-be-dried object;
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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 heated up by using heat generated fromthe far infrared
radiator to the to-be-dried object through a hot air cl ogegiaeét @dcd i on
.path. A drying nethod conprises: a step of irradiating the to-be-dried
object with a mcrowave; a step of changing a wavel ength range of far
infrared radiation in order to supply far infrared radiation optimal for
dryi ng a radbettlon eich objdect thysudpdnygifag dnfrafateadedmrgicat ypeinhl &oet al
plate fromwhich the far infrared radiation is emitted , said far infrared,
radi at i ondoyimg \watetbagdhlddiobgeict bheheagdegod sumfinabaunpdrd eife Bt 0
about 6 (err)m corresponding to the nmaxi rum absorbance i nherent to the

t o- be- dri @diefiiledlats 57ep wildethen§dh NAdared redpetavor ks fearitsedti ng a
surface tenperature of the to-ba-dried object to a predetermned ~

t enper at grédbfacohnforfedgradiviticances Betwavedsagtar bevhgaiedtiadiaiqy and
the to-be-dried object; a step of irradiating the to-be-dried object with

far infracedreadaBbioniolmt B pRedet er phned-YaYSbLAOLH £50
infrared radiator; and 12 24 March 2%183 £ g Bhd fad B

absorbance inherent to the to-be-dried object;

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;

a step of supplying hot alr heated up by using heat generated
from the far infrared radlator to the to-be-dried object through
a hot alr 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.

In the drying method ,an irradiation dose of ultraviolet
emitted from the ultraviolet radiator is in the range of fromabout
300 to about 600 mJ/cm’.

A drying method comprises:

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

ultraviolet;

11



a step of supplying hat 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 conprises: a step of changing a

wavel ength range of far infrared radiation in order to s4pplaycth @00Nf r ar ed
.radiation optimal for 12a 24 March 2003 drying a to-be-dried object by
charging a surface tenperature of a netal plate frcmwhich the far infrared
radiation is emtted, said far infrared radi ation of a wavel ength being in
the range of fromtapowtt Thaming a@bdavedengihc aangspafdifar tinftaEedaxi mum
absor bance i nherent to the to-be-dried object; a step of setting _a surface
t enper at madikglopetniarfer sar iRy ér%ﬁei&fﬁ@’éefbfrat@éttiénb@%#m%ﬂf85 ject to
a predeterm ned tenperature hy controlli ngea di stance between a far

i nf r ar ed dcFdngt Bre &t kel nledhRR G e PYo6PERELNG & EETEF e SHTHSAATG Rot ai r
heated up by using heat generagted framthe far infrared radiataor _to the

t o- be- dr P@dzﬁ‘ﬁjté&tpltq'ﬁ%ggﬂmfhﬁgs the %(?Fo (HF 3H E?éf?’bﬁorbggﬁ;migtgﬁep of
irradiating the to-pbe-drjed object w.th far jnfrared .radi.afi e

pr edet erﬁﬁ%(ﬁ%ﬁa%ﬁ# frrag‘r’na%ﬁ@nfa ?n?’?%?ie%n%%?baﬁlon%? lglncf%% gagggof
supplying hot air heated up by using heat produced fromthe far infrared
radi at orofaf feym cikesutt nd AethADAHY § P P TRIROARENED Sooj & MHABUGh a hot
air closed circulation path. 43. In the drying nethod according to any of
clai s 3hscdbardd idhediend?kot tiee hiot - lad +dmsigwplobdeéctto t ha to- be-dried abject

is prepared froma plenumstate as a downflow 13 24 March 2003 The

drying nethod, further_conprises a st of, cl eani.ng faor causing a_radical
reacti on by g&s st&forRfosittoidord isﬁﬁfzp‘ﬁ e%e"i%rtaﬁé& ot" i rsetti’F&'gchrcul at es

'n the hsol.;[rfaa.lcre glen?geega&:xxr'ec%lfatgt{eogopggbdr?éa%fij%%C£$ %.tglazoe(.]deg.fez;[m %eg ataings



| 3a 24 March 2003 FIG 1 is a graph showng a relationship between a
.surface tenperature of a to-be-dried object with a distance between the
to-be-dried object and a far infrared radiator; FIG 2 is a graph showing a

rel ationship between a surface tenperature of a to-be-drsgefifbhedon th a
radi ati on wavel ength of a far infrared radiator: FIG 3 is '"a schematic
sectional view of a far infrared radiator; FIG 4 is a front view show ng a

dryer of Rl EHy aGrrdingnko at B8 sRRESENb oltRM@RL I0E FiGe 2.1 @
front view show ng a dryer of anotgher er?bogi mante accor |nhf(jil“t6L fh%"ﬁ‘iiesent

i nvent i oradila®orb aindl aheCheorBéigrvé@Ves Wi ,Nng a nain portion of a dryer
equi pped with a heat accumul ator according to the present invention;, FIG 7

is a front view Fwaw ngf alriradratdingstild esobdedr esd0db JEAE @EEI?r%I‘g to
the present invention; FIG 8 is a side view showing a dryer assenbly

accor di ngnfferatred paésentod mfehhe @redd @rmilnesl aagelststint £ dh ithkUsy ati on
showi ng a dryer assenbly of another enbodi nent according to the present
infrared radiator; and
a step of supplyinghot airheated up by using heat gensrated
from the far infrared radiator to the to-be-dried object through
a hot air closed circulation patlh.
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,

said far infrared radiation of a wavelength being in the range
of from about 3 um to about 6§ um corresponding to the maximum
absorbance inherent to the to-be-dried object:;

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 betwsen 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

12



invention; FIG 10 is a construction illustration show ng a dryer assenbly
-of still another enbodi nent according to the present invention; and FIG 11
is a construction illustration showing a dryer assenbly of yet another
enbodi ment according to the present invention. 14 24 0 st Mode
‘to Carry Qut the Invention A to-be-dried body conpriseswgagaﬁéghiogﬁate
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 resihstape&t serR brlndhee eed rimbd eof up byews ingneht amnebenek

resin, epoxy resin_and. urethane_ resin; copper paste; silver paste; solder;
and so on.EFR (5% faF M §RRa56. FRAIAL Whitecthendp -he -doried obdat dhréogd) wood

and the lik s well. First and second enbodi ments descri bed bel ow

i |l ust rateaﬁb‘gfesa%ecrjeo etﬁ’-sﬁé‘ﬁFPéﬁt PF R such as print boards made of
epoxy resin on ich,resis ontaining acrylic resin, epoxy resin and the
like are coatedwgrgxﬁﬁg 8?E§ﬁ§ ??ﬂ?iﬁ%éﬁﬁn invention is not limted to
dryi ng of such tpo-he:dried jects. |n _gener a wavel ength and a surface
tenperature of gof%eéjnéfa?}g%lﬁglfa o"fa%gj?/eenié}} e’f%‘ﬁ%n@ﬁi ga‘f htRef8dkeen and
a surface tgmarigu Q- bes Gy 4 ' ri.es.according t

di st ance tﬁat weer%%inhgﬁf g%d%]ft?agg%gjr:%%é? gbggﬁﬁgtah‘{égg%?\gleqndf P(ng?)gjfg& . FIG
1 shows a relationship between a Wavel ength and a surface tenperature of a
to-be-dried object. As shown in FIG 1) as a wavelength is shorter, the
surface tenperature of the far infrared radiator is higher. That is)
according to the Figure, a surface tenperature of the far infrared radiator
is ranged from about 540C to about 170C in the range of from3.58 to 6.46
N, min wavel ength. FIG 2 shows a surface tenperature of a to-be-dried

obj ect obtained by changing a distance between a far infrared radiator and
a to-be-dried object using the far infrared radi ator whose output is 340
watt, surface tenperature is 540C and wavel ength 15 24 March 2003 is 3.58
Eun. In this case, the to-be-dried body in use was a al um num plate.of 0.6
mm t hi ckness. According to the Figure, surface tenperatures of the
to-be-dried object are ranged from about 150C to about 70C at di stances
ranged from50 to 150 nm In such a way, a far infrared radiation

wavel ength range for emtting a far infrared radiation which is optinmal for
drying a to-be-dried ob ject is set while changing a surface tenperature of
a netal plate fromwhich a far infrared radiation ~is emtted. The surface
tenperature of the to-be-dried object is set to a predeterm ned tenperature
by controlling the distance between the far infrared radi ator and the
to-be-dried object . After that a far infrared radiation of the set

wavel ength is emtted fromthe far infrared radiator to the to-be-driéd
object. Hot air created by using a heat generated fromthe far infrared
radiator is supplied to the to-be-dried ob ject through a cl osed
circulation path for hot air.
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In the far infrared radiator 1 used here, as shown in FIG 3 , a far
infrared radiation layer 3 is provided on a netal plate 2 such as al um num
" or stainless steel with alnost circular shape with a convex of a
predeterm ned curvature R and the netal plate 2 is heatz4 March 2003

_ predetermned tenperature with a heating device 4 such as a coil. Setting
of tenperature of the far infrared radiator is adjustable at three |evels.

The f ' d ' aEHi | (WY I th
€ tar d%%rg%g&égtﬁ'érﬁ I.gfua Hb?écmfy ERERGI D é%%%'cQ“téﬁ%eara"i’%‘fS ré{r:]g

ranged fr ouf 6Eun that~“corresponds to the maxi

absor bang gndHfa12pf §8 kN A8 Ghisah thatrds 16e2heda0Ra@1 ROasHl 16f ehbe: 4 p- be-dried
object . Further, a hol ding/shaping plate 6 having a hol di ng/ shapi’ng

portion 5. i ilry:g,_'t : in. order. that e 16 24
Mar ch 20%?%%§{Wp at e‘\%! Eg?ggtﬁaiagp?a\?\ﬁet%ﬁg tt%dggé'flﬁaf'flotﬁg?orﬁ"ég%aused
by heat and/or assunes a predeterm ned shape. Further) insulating plates 8
are resd?e%té"\'ﬁérf )F%’p?r”d'vi?tle‘ﬁ?tf& SRt Re HBoiSP X2 SRAPEABS nEPalklpl ﬁf‘{égw and
between the coil 4 and the hol ding./shaping plate 6. Reference nuneral 7

i ndi cat expaprRseikcet iandreatckend® pmbeakir9edndbteaces a |l ead wire. First
Enbodinent FIG 4 is a front view showi ng a dryer of an enbodi nment
according to the SgAt &} I Ngurfadey e 'g’g{g‘ as
described in t esﬁégﬁg, s%gir{r%??sgs:s g d??/i Egméﬁgﬁﬁgglge?&gggryl gaa

t o-be- dr Lgdr 98k Qelpblatarkdnsnerdo-hrldark3d 68ett ty 8\ tieRmifigq dr Vi Ng
chanber 12 while extending in a longitudinal direction for transportation
of tha teehgefat @ oby e€éntiloldihgMa allstante deph@rar a IfatsSpartaped h;
frames 14 nade of stainless steel, disposed above and bel ow the transport
belt 13; radphtwaladdy tfe ftar-bertirdeddobgectt ors 15 arranged between the
frames 14 in a staggered manner; a hot air closed circulation path 17 for
suppl yi ng hot asteprod sappiy ttehoeadrdesated op biyresdtrhbehligenntatedd
radi.ators 15 to the drying chanmber 12 through a circulation path 16; a

pl enum cﬁanﬂeﬁhelgaro#né?ae‘-‘@é’f Fadlatem o Fbey B -beardliied abieshthsewged from
the circulation path 16 toward the drying chanber 12; and an exhaust path
19 for desBRbratnginsad cﬁirtch‘éal’iéfmapgt?hto the atnosphere. Herein, the

frames 14 of the dryer _1Q_ar e fromheat insul ati terpal, The tar
infrared radi atof £885°8; gﬁS?éagggﬁl%wEgﬁetPFéﬁég’éﬁFSb@BSe% Hé{jh bE2T epl aced
with a stai t r.ef ' ' d di ation
| ayer t hé?f‘glﬁfﬁ ?aéi(ri eéltr%'fc ?‘a%ggéﬂlé;grggﬁkmgﬁéégﬁvﬁ% |ggc|t’hi g%&f‘ ?hgr té%gr ably
provi ded Qerhhearefdeotdng aplaate. Still further, it is acceptable that a
stainless steel reflecting plate is disposed instead of the far infrared
radi ati ons 15 arseeprdfisgedlpthgwatheit haaspdrip bel dsiBy heallpechatedir i s
made to fl ow down toward openiagg.s 23 provided in the frane 14 fromthe

pl enum clzppethe $agndinfrrredradintaasat rrF hedudnat hlee dpdnihpstoatlej et t ed

into the drying chamber 12. .The plenum chanber 18_is, connected to the
ci rcul at t8Ppatipiad ekl g}r@élgg‘hér E‘Bft FﬁFoﬁE}ﬂs%\df‘F%&‘F‘blraetW&bB?“Furt her,

the far infrared radi r C e [ . The
frames 1&gt‘o?ﬁh&t%%tqjﬁg‘hga?gﬁ?é }%gg)%ggagzgréh%fé%é%%%n?;eﬁ ﬂasfiid"'?he pl enum
chanmber 1§ &t g ikk@thdtOa fr b €18&\¢oCene? 0o Vb Cir 564 ¥83286 18lpwabiag means
and they, as one body, are novable upward and downward within a range of 10
to 300 MyEroRy at pEefivesents s di stowmEd.owet ween t he to-be-dried object 11
and the far infrared radiators 15 can be changed. On the other hand, a

di stance between the franmes 14 and the pl enum chanmber 18 is kept constant.
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A tenperature in the drying chanber 12 is controlled so as to be a
predeterm ned tenperature all tine. That is, when a tanperature in the
dryi ng chanber 12 exceeds the predeterm ned tenperature) an adjusting val ve
21 that is provided in the exhaust path 19 is opened. Th 0. e hot
air which circulates inside the drying chanber 12 is reIS%%@@é%%?%%ég

at nosphere, thereby reducing a tenperature of the circulating hot air. In
this way, a tenperature of the hot air generated by the heat of far
infrared radi atTionargihhendinddng I ks.controlle t he adj usting
val ve 21 and therebyythg ﬁ%{ airfg?egaﬁfﬁﬁéEééﬁgﬁ%Etfe‘3 §igﬁ%$%%¢Q003

t enper at uceusing @phitdal Headtio ndEyi b the time. The hot
air generg};e% grgﬂ%t he far infrar edyrg;%i gt ggasqﬁﬁiﬂ}zjé&%l%rfc T%lfrejtr}'%ieﬁ the dryer
fromthe trghe hbhat ci2chyasesiincthahbemn i i s. di sposed
bel ow t he drying chanber 12. That is, the hot ﬁ??g?égﬁ%??%ﬁﬁéﬁhpé 'm t he
drying chanber 12 through the circulation path 16 into the plenum chanber
18 di sposed, abaove the drying chanber 12 . Then ) the hot air is forced to
fl ow dowPEiRtartfSCrd pspeni A§sthe Prawinesl in the frame 14 from the pl enum
chanber 18 and further jetted into the drying chanber 12 through the

openi ngs 23) thus conpleting a hot air closed circulation path. The drying
chanber 12 is constituted of a space in which the to-be-dried object is
accommodat ed. The drying chanber 12 nmay further be connected to an inert
gas supply apparatus (not shown). That is) an inert gas, for exanple,
nitrogen gas) may be introduced into the hot air. By introducing nitrogen
gas into the drying chanber 12, oxidation of a resin of the to-be-dried
obj ect can be reduced during a drying process and thereby, re-oxidation of
the resin is prevented fromoccurring. Hence, a filmquality of the dried
resin can be inproved. Further, a solvent generated fromthe resin is m xed
with nitrogen gas and conpletely discharged fromthe drying chanber. Second
Enbodiment FIG 5 is a front view showing a dryer of another enbodi nent
according to the present 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 19 24 March 2003
provided in the drying chanber 12 while extending in a |ongitudinal
direction for transportation of the to-be-dried ob ject 11 and which forns
a planar transport path; frames 14 nade of stainless steel) disposed above
and bel ow transport means; a 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 di sposed above the
frames 14 , for exanple a heat accunulator; a hot air closed circulation
path 17 for supplying hot air including the heat generated fromthe far
infrared radiator 15 to the drying chanber 12 through a circulation path
16: a pl enum chanber 18 for preparing a downflow of the hot air introduced
fromthe circulation path 16 toward the drying chanber 12; and an exhaust
path 19 for discharging part of the hot air to the atnosphere. Herein, the
frames 14 of the dryer 10 are nmade from heat insulating nmaterial. The far
infrared radi ators 15 di sposed bel ow the transport belt 13 may be repl aced
with a stainless steel reflecting plate. Further, a far infrared radiation
| ayer 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 bel ow the transport belt 13. The hot air is nmade to fl ow down
toward openings 23 provided in the frame 14 fromthe plenum chanber 18 and
the hot air passing through the openings are jetted into the drying chanber
12. The pl enum chanber 18 is connected to the circulation path 16 at one
side thereof through a flexible tube. The far infrared radiator 20
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24 March 2003 has the same structure as that of FIG 3. The hot air closed
-circulation path 17 is a closed circuit in which the hot air circul ates
fromthe drying chanber 12 through the pl enum chanber 18 again to the
drying chanber 12. The franes 14 to which the far infrargg }QQQPQ 15 are
‘mount ed and the heat accunulator 30 and the plenum chanber 18 are fixed to
a drive device FZ@-mii@aw%sagww%\ﬂafphgtﬁwﬁig beiwern chsupEangeyed

d and d d w.thi f 10 .t 00 I ti .
P movertabe SR, B b BePRGaRLEA S B APh gt T BBEe e varh FBer ar
i nf d | at 1 b naed. d, dist bet
he 11 amcto T iad, B8R R g e Bl anbor 16 ar o kept |

constant . FlGprg,i8 B aCHEHPH shoWiRY & pEA EHoRsHED HeYebhOd sQksacdr Yer
equi pped with a heat accunulator. The heat accunulator 30 has a structure

in which gerparathirieyobfa RioPBE -3D16@ D JlectnvLEDREFadl bbion 3andlehgeral
efficiency are fixedly arranged on the frame 14 at predeterm ned pitches.
Radi at i onof iamst&}S 1aferaradt radiatar: t he surface of each pipe 35. In this
case, the heat accunulator 30 is heated up to about 400C. Therefore, the
hot air is heatfFd&.up Wseid ischpmasia seeblennlk helawsnf & daruiafsared. The
hot air cl eaning device nay be di sposed anywhere in the hot air closed

ci rcul atiﬁﬂdjpﬁﬁCfFﬁ?. The hot gas cl eani ng device conprises the gas nol ecul e
deconposi tion i C T I Syt vice heats up the hot
air including &%u’r 3 ?gs? ?ng% a‘ﬁ%wcgsﬁ@ag’%gg})geh%t&gr?%lés“ R T T
decorrposeaggéﬂ FHY el ProvEh Odiwiatidn; In this way, the inpurities and
the like 1n the Hot air supplied to the to-be-dried object are renoved and
the cl eaned hotrmi.rs5iis &£¥ephyatiew shippingd.arder o2 4nbheh e2RA1hBALIAS

nol ecul e deconposition device can assune various kinds of structure. In the
present iageotding tion thedpresentffngntidony utilize the heat produced by the
far infrared radiators 15, the plurality of copper pipes 35 with a good
heat conducti viEiF -afelsap SeRGRELtAL Predxerevinhamath eprhten of g AK¥RT fins
are provided, on each _of the copper_ pi.pes 35 in der to ipcrease a.thermnal
ef fici enc?gujl%ecioﬂbg? B Béesa%Sg%?‘g'P%e%Pgd Tj%ccfr(;.d’%ou%° 468& PAPEEBR heat
accunul at i ppe bys §he heat It is preferred in terns of a heat accunul ati on
effect that this deconposition device 30 is located at a site as close to
the far infrareeg.adi alsoas£ionBsvies SHdwangrar Gbger éhesEiieanb@hes
provided with a radical reaction chanber 32. An enclosure 31 that is

ext endabl embodinent rectoaidisgahd tie aresentadavenbhen: heat resi st ant

material is disposed between the frame 14 and the pl enum chanber 16. A
space that is f‘g?ch'e@ B¢ 8heldshMieyuFhowing fhdrnves: assenely AFCFALRrgact i on
chanber 3%. Tge radi cal ire%cgzgl_orr;.chanber 32 is provided with a heating

devi ce or 8 HR&PLRY VSR, ?r’rburities inthe resinin the hot air, m st
and carbon-|ikepy@! €51 gk Sai BohEESLRISh IELAINRIIRI oRY Srdw1AG! hORrYhf r ee

radi cal reactions caused by the heat when the Inpurities ahd the others
pass throdgBenbey hast i AgodRYL C enbodifeniicadcesfalniy ator . the) igresendy, the
radi cal reaction chanber 32 deconposes various kinds of materials included
in the rednwenvhonh are generated in a drying process of the resin and
inpurities, mst and carbon-like materials included in the hot air which is
suppl i ed t owar dFERe ¥ yihg FeiEuctiop, AL uREr R SR NIe2 PEYPR a

uni form manner  are deconnosed, . Henc e radi cal reactio 24 March 2003
chanber 335P8HRLY caf \ o ABGLREE  FEbGR{ieA S PeeBEaiRacts pthq HiSEEAFes and

t her eby t'lﬁvgﬁrtigﬁr ihpt is introduced into the drying chamber 12 fromthe
radi cal réaction chanber 32 becones clean w thout any such nmaterials

i ncluded thereiprgl niflefera ot riudtiRne 1dehatF&eh SRNGIdwindUs arfest and
assembly of yet another embodiment according to the present

invention.
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inmpurities remaining in the hot air guided into the plenum chanber 18
‘through the hot air closed circulation path 17 are oxi dati on-deconposed to
be gasified when the inpurities and the |ike pass through the heat

accurnul ator that makes up the radical reaction chanber. e
‘produced by gasification goes up to the plenum chanber 1?%%"&5%??@
manner, @MeédiaiMode decgapegi bubntiod Inventipurities and the like is
repeatedly conducted in the radical reaction chanber 32 . Therefore ) the
hot air suppli @dtoobe hdried bady demprdses? ametal gdade Made offa mepadities in
m st and dust. Then thus cleaned hot air is jetted to the to-be-dried

obj ect 115YGh pRALYMINHY QIha fFBLheblie reminhoagfande et synshetiaaesiin t he

f 14. T I hanber 18 b ided with a fil 24 f
cl Gani ng THEN IR W LIF TSRUDI PRUER AR AR DALY SRERORASA Fnedher 50 1 s
not | Mt gl b0 diier SLIHTLYLE B3 SAPHL D ik P 010 AU 5 G DGl 91 her

structure er, Img device nay be substituted eat
accunul at pieB0. efokyHRSL ANt AERd Ndoglsit f8stS; 5ah 56 pageahout
400C. Besides , the hot air including a solvent 1h the resin Rna i nmpurities

in mst agshdbssi g@enesat ed.i NnFulenesyr $8eOftodbyi@oied bbget®- Reydbked
object flows fromthe drying chanber 12 to the circulation path 16 . Then )
t he i mpurconstsitared b€ fladde wood adddthen litke doowedlt dharsteamd sdcohdn t he
inmpurities and the like pass ~? 3 24 March 2003 through a catal yst device
37 provi dembedimantsci desFaibesh palavwid)lliugtrakamsiases cwhersgt ito-bayer

havi ng a catal yst. that adsorbspirﬁﬂsol vent in the resin, and inpurities in

m st and s~ ohiacHEoPECh 3% Gr PPRELs made: ¢k aRARY FRELHARH YPAChhe hot

i h h h I i i ity.
Furthor) TREMET SBhendhaHE o bt S0 RAR, CRUE Feltylfia B0 Bke Bl o1 30)
that is tBgatsdlifdl draael,i 8atCERINFestht 1hRbAYESN tIe MenuRichargr 18 and

during the passage through the chanbers, the inpurities are further

decr easeddryisd hef ,sudhe thebeadriphsstefedty.ough the filter 24, thereby
decreasing the inpurities additionally. As a result, the hot air that has
been cl eaned frigegeherak, ianpayvelenath and\sesnrkide temparatere oftanadryi ng

chanber 12. Besides_, in the Figure , transport nmeans is provided al ong the
| ongi t udi H2FraFedLarLAter haye agffé,a_tiggspﬁg therRBRbYESR iagd dExrspce

general ly b onveyor .made .fro eat_.resista ru r.J.s.used. Wen
a belt coI.ﬁ\e/'IEll %ISAII)I‘IL%I ﬂ%;%I fT-C)<I<ebe| g%&sego‘m z;ge #r‘gahrsj'ﬁ%r?cé?era%nisn,g III/)é;gidéIﬁ?aI?Pﬁds of
dust partpgl@Sed thdd ¥ ahedatb@MddEa e V@O tnbt 861 He di¥1 W dfiBct .
transportation. Hence, there occurs a chance of the dust particles
attaching to a rIG.be dBhcads Ghjrediatibhehep Obetweadic la avdiedlleng@hnahaba used
for a to-be-dried object that does not allow attachnment of the particles to
itsel f fosunfaceVkampergftiuzet of Fdo-dextsiled)obiedts. nds phemedredIGhat t he
belt is used for dréin el ectronic parts such as a 8rint board. In order to

avoi d such-f# B s shortere e SPELaRS EePPBRRLRLe OfnththiEaR t he

transport i a, pl.at engdj I i i nal
directi oniggéégg%% IaI:?)ri:I'l rtglrg&&@%@%fc%%@n%ggfgﬂl%ﬁq Illggt’ he pl ate
menber i saphaviLied dhpdrdBiBe SFRiHe PO 45 £rHPERIAA1EYbENS rafbS@keEmAi I i S
jetted out toward the surface of the to-be-dried object fromthe snall

hol es. Thabou§,54d%€ to-&bolt il °0biredthd Fahgansh @riond 3i. 68atd |@ae pa st ate
froma support surface of the transport device with a small cl earance

t her ebet wvesnwavelengtha way, inpurities such as various kinds of particles
di spersed in the drying chanber 12 and inpurities are prevented from
attaching to a PF¢ne pawey 2 surfsne tempepatiere 06 akei-8erdréad ©bgect
impurities,and harnfu ases into.the atnosphere when_the hot air is

i Sehar geQbERTBSR I SaTdonars HBsaREe B BHraD AL 1atrarey dindlaere

consti tut o] ' b [ {14 har nf ul
nat eri al sg,qdf%r%}%b@%%?nggg%?g?scia Igrr]lgl g%%ﬁ%?eﬁanﬁgé%é%ﬁgﬁgfn t he
exhaust paLRph?. 14 B 4ohvateasfurdidaCeehPErdireiit $46¢c ah€ waiRilengdnt 0 the
exhaust path 19 is considerably hot in tenperature, the hot air to be

di scharged is preferably heat exchanged with a cooling |ayer provided in

t he ‘exhaust path 19 in order to decrease a tenperature of the hot air by
air cooling when the hot gas is discharged. Third Enbodinent FIG 7 is a
front view showing a drier of still ardther embodi nent 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 nmaterial. A portion 43 of a side
wal | of the frane 42 can be denounted for a maintenance purpose. A drying
chanmber 32 that is provided in the frame 42 is enclosed by an enclosure " ?
5 .



_ 24 March 2003 48 provided with a reflecting plate 44 and heat insulating
-plates 46. It should ba noted that the reflecting plate 44 is preferably
provided with a far infrared radiation |ayer which emts far infrared

radi ation on the side opposed to far infrared radiators sbmatBg igys ng
-chanber 32 is provided with a transport belt 13 for transportation of a

t o-be-dri & cbjsaciumal ong 8hiongadeiditml td-becdir@Bd babyi NArasédwasidh ati on
is emtted froma plurality of the far infrared radiators 15 that are
arranged aloneiniime pllagdaspbr0.daint thickneasd tAwmcdmiing co ¢étieoBjigute, Air in
t he drying chanber 32 is heated bX heat provided fromthe far infrared
radi at or s stE-fiagepsemperatures ®fi shej tehentdrded ehjechcaxriiraingedofrome
enclosure 48. It should be noted that a distance between the to-be-dried ob

ject and taROWLL5Pff ta 8RoRE A G LR dstanreperangath&Fomy S & 4wt Mg devi ce
(not shown). The refl ctivg% pl.ate 44fconstdituhi nﬁ t he eneﬁ: osure 48 is

di sposed bel ow tReSPFRNR I BeffF AP0 ARG RLGY YHEGNRS AT es 46
are di spos t i si des
o “the 1 i, SRRYELhY S AP IRARRER T dus a1 oR Which L8 eredrna 2R BERhe U, (g
the encl osyrg-H8-58188 V4R ¥4 &RtAWLeS BRhhgRg @S shpFabditergdehpdrd he hot
air that circulates in the dryer 40 into the drying chanber 32 in the

encl osur e ¢l a Metab plaltec Btem dddahps SHad Hnfrered eaddaitsoprad emabtygd provi ded
in a hot air circulation path in order to introduce the hot air in

ci rcul at i dfhe raymfigiciec femppuatuyefatliet fo-bekdried|qhitart Her seh twear enoved
to be clean into the drying chanber 32. For. exanple, the gas nol ecule

deconposi tPERAefarmaedtquperatpze by sontradddag the dlatance BetwRamti®e heat

i | at i | at €..46 Ptuti th f f th I 48 and

ol 1 Bl o6 45 0RSh1 L Mkl DR UgPSt OB GLeL AGLOHLE. 10 and

plate 46. %ﬁﬁ%ﬁ&@ﬁ%&aﬁ@&%ﬁ@ thOLdieVat8 18Rt %%%%qa%mn for
the odinment . It

exanpl e, eat accunul ator as described in a second e

shoul d be #1d efhr haifdared gRASAEr (e 3RS tePbacikeedesOig®si t Heo devwi ce 30
in the enclosure 48 as described above, a radical reaction chanber is
fornmed i n ¢imatadt bysusingl @) hedtagensrated tfhromdtlye fprchnfibare@2zadkatoher, the
far infrared radi ators 15 can be arranged bel ow the transport belt 13. In
this case, 1% FEPPeied o the P her It edofiagiothrrudivd £1rrediGizsepsEiopel t 13,
while the he&f I ns Igcti gg pl ates 46 are respectively di sposed above the
transport ) él%rj}? f6 the Ieft and right sides thereof. Furthernore, tha
dryer 40 has a tes I .aal BEa4 r haust
dust 50 of the dablS Erh e e A e B e B e e e

sol vent or 3} he fairkenfrarad raaibet sl i1a¢eob} act provided dryangtdlaphetet o t he
at nosphere, while the outer exhaust duct 52 is used for discharge of the
hot air thatsusily aalalwsinum ohetdinlags cdtadlewith almesit absphiar shape| |
furthernore, there is provided in the dryer 40 a hot air circulation path

for circul ¥+tRR FANVAE Qf ¢ PEedsterpdned:iCyretige RigndtbedmetetpBlattre is
rai sed by heat generated fromthe far infrared radjators, t _furthernore)
there is pEo‘% &gatﬁﬂaﬁ‘_hé‘ %‘F?ﬁteﬂi‘i e(d,o%?'?poe]ljag:é\_ﬂec‘élﬁ%ra I?:l(e)%{f%? !dlg?{%c%
temperaturg Lgof Ngs 4 Yedir Ch3abeing ¥ ehpdrathed bk Enoledriioenbianed

radi ation, a surface tenperature of a far infrared radiator, and a distance
bet ween a tadi1atdr aced juzdadleatainted 1rdies.dr TRél £akj i@ rarkauwadiaksbodi ment

27
emits far infrared radiation of a wavelength ranged from about
3um to about 6um that corresponds to the maximum absorbance of
aresinmaterial that is coated on a board of the to-be-dried object.

Further, a holding/shaping plate 6 having a holding/shaping

portion 5 is combined with the metal plate 2 in order that the

16



24 March 2003 FIG 8 is a schematic sectional view showi ng a dryer assenbly
‘56 according to the present invention that conprises a plurality of dryers
described in any of the first to third enbodi nents . Herein, the sane
constituents of each of the first to third enbodiments apg Mgp&rp?b@@ by the
'sane reference nunerals . In the Figure) each dryer uses an i1nsulating

mat eri al fietal hpldtrenrfe SrolAst b aateper withouth dafiormat iomatbebe crused
irradiation tine of far infrared radiation, a surface tenperature of a far
i nfrared PEIReR2BranMRF RHUNCSEn_ePHRASkaMiNeCgshaRPr ared radi ator and a

t o- be-dried object .in each qof .the d rs are i ndependently controlled. At
| east one of tJ urthedve (Hsn 'aﬁiégcﬁa%geﬁrge%ei ﬁﬁgﬁﬁ?%"%&e?ﬁﬂ-ﬁ%&‘m in a

drying chagheLen hd 1dAd 4 hH bldheda’ Biatd’s alih 1ALLALEOtho BalYr Face

tenperature or a rare adl at or, a di ance ween a

infrared yagiftRs nghriﬁﬁgt/enhgiﬂg ped 8y eCheterdidd RURBELY ﬁfr‘id:Hé’c’Est he

ot her dryers ) or e paraneters in the dryers are set to be a sane

bet ween t e sdeKet SandUrdffencd hamBeaRtarmditatee dr Yaad wiwaper is set to
the | owest on the transport inlet side. Hy setting the paraneters in an

arbitrarily proper manner in each dryer, drying can be perfornmed in
el aboratel y-sel ected optimal conditions. Therefore, a dried product with an
excel | ent Fdugki Epbediment att ai ned. The controls of the paraneters era

performed by a control device 58 equi l?ed to the dryer asserrbl‘i/ 56.
Further) controfI®n 4 ¥%1& fFOnsr VASR SFRUMNDR SZFRTIPY N eMRIFIMaNdd usi ng

a voltage-controll ed el enent ent 28 24 I 2003 ntrol |l ed

el enent, taﬁgrggg%%%gbﬁeng? ;e)(s)(\?é{r iﬁgﬁﬁﬁ%% i o%‘ ‘%‘8’ egelgggﬁtgleedégi‘—?‘ﬁo%nénbodi ment
FIG 9 isqa aaBSHIBEA QD thlel ¥S5EAL] QRrpRaNeBY & dipisly %aaﬁehfylpffg@ot her
enbodi ment according to the present invention. In'the Figure ) a dryer

assenbly @}yaagpai $esbe-dryedsoifet 10H andeddiSpoatd val tully astiadl dls

radi ator 62 provided at a stage follow ng the dryer 10C, which serves in

t he procegsosfified tire fte | dfyinedchamber atlizonwh¥he dxtenddagenin y a0 uses
the dryers respecti vel éidescri bed in any of the first to third enbodi nents.

It shoul d Yo@gdsudinahatirectien Lo &eesPertarion t of othar be-Rendmiedt the
d int d I t it th i b

T uded. OhIsth Al eRAVETLA £PHhs R s2op BB PARR. Elend 18 RRe O
used when J05bg fiiSd AR 1€CaBs SR AboWhifla Baod id YThHEBoLP Mtfg a

resist filmincluding acrylic resin and epoxy resin, 300 ~mthick,

coat ed on 18;psipluradaty smder dnfepesy vliatogsel Jlarednged begwbBr tiieyer

. assenbly 60 with the construction of the Figure, wherein a size of each .
print boarfiramescRDimn akdagerrl 8s0nem Admf abhd closedidiiminlatdbhepathspeci nen

10A 10B 10C 3J
17 for supplying hot air including the heat generated from the

far infrared radiators 15 to the drying chamber 12 through a
circulation path 16; a plenum chamber 18 for preparing a downflow
of the hot air introduced from the circulation path 16 toward the
drying chamber 12; and an exhaust path 19 for discharging part
of the hot air into the atmosphere. Herein, the frames 14 of the
dryer 10 are made from heat insulating material.

The far infrared radiators 15 digposed 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



24 March 2003 a print surface tenperature of radiation irradiation board

. radi ator distance tinme (epoxy (C (mm (sec) resin) 450 450 450 130 180
surface tenperature of to-be-dried object (C) 51 53 62 That is, the set
conditions were such that: a surface tenperature of the ZaM4drehr20G3l

- radi ators of each dryer was 450C) a distance between the surface of each
set of tKedEariPhf rkf e@redarabby s RuRYidse bomar d-hsur raééeotiraicipliegebe- dri ed
obj ect (al oag a_vertical di re,ctior%ﬁms iSO nm an irradjation time_for
each dry&Fivds P8BERRE: amf a avAEHEERPLP f EPF nf P arBPTHASR | &Feeh use
was range rom3.98 taq 4.63 d her, in.thi odiLpent, the ather
condi t i oﬁgf&g?glggt plna%t%elgol#J{(;s\/ﬁdr%génngﬁﬁ:ea?er?péergg%r egaf)f Jtr‘rFté:aE& rd of
each to- bexdpiednob] £015 WBNRRRAULDLE Ll LS e 1QAORSthe inlet side,
about 53C in the dryer 10B in the mddle position and about 62C in the
dryer 10C on the oi#d ehisi de Mbesa du efilewd@owhhessrpendbpennsgs bulbl es
occurred in the resist coated on each print board and a copper was

di scol or edpvidedh ishdbed fdsate tlHe fewul tlse weltenwoochatdber et &r endt ltder esi st s
of such defective print boards were irradiated with ultraviolet. Conditions
enpl oyedhPsr @HEh PRFELPFeEREGUIN hAPe arPRe adicat #6h tieks efasinbouthe0 sec)

di i ati 100 mJ 00 .mj/ and 6 ml/cnR. .~ 0 24
NVar ch 2085/ RBIUFPSTORZ UFE f av OF b FRThch STB il & BATARAEae o Fbodoses
were aPplc'i?Eu%Q %?R %faqg\r 1 100 0/ clpge 300, Al £, 20d 1609 /et
formati of “6f "BUBBY 6s "and coppef a1 'ScoloratOn Wer e I nerwasingly decreased

at | evel gypwher ei fysghaxcelhant caesul dr MasObtaklngdoespess aldne atsathe
irradi ati on dose of 600 mJ/cnR. In this ultraviolet irradiation, a

wavel engslRrabtrukrerayiohet aksedowas .particularly 365 nmin the range of from
100 to 400 nm Thus, it is found that irradiation of ultraviolet after the
far infrared Cheadranesnléfteewhsehofthe Paf ninforred ixndififteosisi Vé feae dryi ng
the resist on a print board. Further, an irradiation dose of ultraviolet
was pref BPEBES160nIRE P L BRUROFRABRRE ndt 245t efigtesh IR i dHes SRyEcEf from
cn?, where better dr i.tions than forner doses

300 mi/c t :680 my/ 5 e y Lo dc (Leoh
were obt & n@'g‘.lc n°§0éhia*fay; e‘éﬁﬁrﬂ%i%ﬁn draﬁﬂg He2udSs Sus #5BraidiEd by
adj ust megh, b Lhe S alkliow-ng S em_tmne%cma@igﬁ Nge diyers 184 k0B and

10C. a surface tefperature of the Par infrared radi ators, a distance

bet ween Bhe tsier deemeat , t Bediatahbér Beeteddiad of S- B didike) tdb5lecdriied
object, an irradiation tine) whether or not ultraviolet irradiation is

appl i ed and arhe r fadi dnifgprddsexndahtoker d\d otat . bEurdiiegedr| G 040 the a
construction illustration show ng still another dryer assenbly according to
the preséfternyemd o . d1FFIHE FPYET LhR yEF2BRS eibl POR0 tRgy RIGHHF se:
dryers 10@%=1 0B g d. 10C; and aq:ﬁulttravi olet radiator 62 that can be

provi ded € €&t gelfﬂrlé%%%i%odl% & dryer 10A, which can serve in the

precedi ng procgsgele tdealn! tid Argink! CrRhald 0% 1 INCodlafln BogeRl Y 70
yers destribed 1n any o I7st to third enbodi nents as the
dryers 104 olB g\bdd¥ermined temperature all time. That is, when a
temperature in the drying chamber 12 exceeds the predetermined
temperature, an adjusting valve 21 that is provided in the exhaust
path 19 is opened. Then part of the hot air which circulates
inside the drying chamber 12 is released to the atmosphere,
thereby reducing a temperature of the circulating hot air. In
this way, a temperature of the hot air generated by the heat of
far infrared radiation in the drying chamber 12 is controlled by

the adjusting valve 21 and thereby the hot air at a predetermined
18



31 24 March 2003 On the other hand, FIG 11 is a construction
illustration showi ng a dryer assenbly of yet another enbodi nent according
to the present invention. In the Figure, a dryer assenbly 80 conprises :
dryers 10A, 10B and 10C; and a microwave radi ator 82 proyi Qgskcpt 2805t age
‘preceding the dryer 10A, wherein a mcrowave is irradiated on a to-be-dried
obj ect befémmﬁeﬁm:feaisimﬁpaﬁ@a intadhat dPPing GBambeadi AE1ONIRS tamgi crowave
is applied en a to-be-dried object contains much water. An irradiation
time of the m (hewvhoe asraghnestagedafromdiing fiaxr tthéravedaddicftorst @6 i n a
to-be-dried ob ject . The dryers 10A, 108 and 10C used are the same as

t hose des#si péucelated B the dryer fwomhthe dmpbew nehamber |12 shypubd be
noted that a nicrowave radiator and an ultraviol et radiator are Broperly

used accofFFylatcton Rlovwer s trah b7 dispessd-belew ths) @eYingichapberhodi nent
The foll ow | 2 4 d h th t i h_d

ot udi ngta- T ahad: B8 rihe,Ror dLfky ToteRiubaR ARETRCARy Iy SRARRREY 0 (e
f et g . . ryt . ; atul g
st ance bt SRECIGH ¥y ABcLLEREMF ddth ldeTanth 1D BISAG bl Sibon, AN D

the dryerqasp68dd %nd98 thiel @y iy SRamer 18¢ foned!, £ hBkI£LLLIHedrERALS Was
used and good dry states of the to-be-dried ob jects were obtained. Table 2

t enper at uee fIowlaywnowarddiled bpenhngs @ S prbatded iint tihe € ranai 14 ehamber tine
tenperature (C) (sec) (O 3 7 24 March 2003 10A10B10Cepoxy 100120100 50
35- 45 100thépirenunackaniof 1818031 TOrihensiati®ed] 20tq theeaning chender24 50

| 20 175 In Table 2, to-ba-dried objects that were prepared by coating

al um num BdaFB%ough nthe MRSPINGSpEdri FBR§ GPTRLeGIng adtpt SrireSdefedesi n,

ur et hane rgsicn a€§ el atrri ne resin, all 300 ~mthick were irradiated with
far infraFedcPhat*dt BFYF wavel engths in the range of from3.98 to 4.63 ~m

cor responding Ud h-yIRY! EHARDS AP aBCEINREL LR SERCEbYCS IGByATnSUr f ace

tenperatures of the al um num boards which were not deforned and on which

excel | ent tdeYyt&sulidr i8S obflet bl 4 ecommeBhee@bt dhaedriiagrcidibeabaye
described setting conditions of the paraneters including a tenperature in a
dryi ng chaapefurtheair dteanopndéetakdd saor ineet gis tshpplyrappdratrusd (natli at or s
and board surface of the to-be-dried object and an irradiation tinme for
each dryef8oyR)e That: 451600 inerthgagasEonrexanple r BAFROIaP WA MBYC in the

f i d C.i h f. nel ani in. le 3
Conper at uPg AR HEG AF Aot 0 B PRt Cah b ofh Bas 1820° °
ggaggggaggggemmé Wihde?) 15) (3AQtShh B @RVLAn’ Be96n89RLRNEXYEqt hane 70

object can be reduced during a drying process and thereby,
re-oxldation of the resin is prevented from occurring. Hence,
a film quality of the drled 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

19



33 24 March 2003 | acquer 70 85 63 50 30-90 55-77 In Table 3 , to-be-dried
-0b jests that were prepared by coating 25 mmthick acrylic boards
respectively with filnms nade of epoxy resin, urethane resin and | acquer
resin, all 300 ~mthick) were irradiated with far infrargdpadhasden of
"wavel engths in the range of from3.98 to 4.63 ~cn corresponding to the

mexi mum akRrAdRaesief thie &ﬁfﬁﬂ%t onamb8si N2 FWLhACCakBAMBIRY UiRS pf the
acrylic boards which were not defornmed and on which excellent” dry

condi ti onsLoigiithdinesi aSreetomhicart nefhrsptartathienabsvendetorbbedrsed ti ng
conditions of the paranmeters including a tenperature in a drying chanber, a
di st ance lolijeenl$ anfdowkikcloforing & planaf rtmandpoadli patdy ;s foanes 1d mhads d
surface of the to-be-dried object and an irradiation time were 80C in the
case of epdkptadnless gieeln dhereset abpverand hedovwetransprric0eapsy70C in t he
case of |acquer. resin._  Table 4 tenperature .indryingirradiationboard

Zha tan

surf acedi R gi of SEnbRiT3TRY EAPLREPES 0T RE)IR the Frames 14
10693120120phe . 40epQx 45 1n ,Table. 4 . to.he-dried
obj ects t av\ggeg%erreega?%‘an ’Sﬁ; %o %%%lé’%%%@%?woesp%gynr%%YjﬁcepPl nt® boar ds
wth 300 - i e Mar [%gf& ' t it esin or
phenol resﬁgﬁ?{:\%ggg%ﬁné igat ed V\A?% ar |é1%‘£%gga(r%ggﬁléts?gﬁh§r %%%%gt hs in
the range #fhddtoracrumtla@of; 48 Ko &DF I €EGEEE dA-dud alth8nNBEERUDY aBger bance
of the respective resins. Surface tenperatures of the print boards which
wer e not deipplychgamdtomivhiinecleddnyl ¢he Hewtcgsdetrabed Hfork hthe efamns were
obt ai ned under the above descri bed setting conditions of the paraneters

i ncl udi ng infranesd aradiataor aldr yiongtheadsinga chamharelBetthmongburd aces of
the far infrared radi atqQrs _and ilhe board_surface of the to-be-dried object

and an i r r&tFcthaddon Rath oF ¢ EaRhe R CREMBRI ML FORAREPISELRY B280YREXOM C in
e, oo P GELIh R o R R B A AL S
drying chamber 12; and an exhaust path 19 for discharging part
of the hot air to the atmosphere. Hefein, 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 f£flow down toward openings 23 provided
in the frame 14 from the plenum chamber 18 and the hot air passing
through the openings are jetted into the drying chamber 12. The

plenum chamber 18 is connected to the circulation path 16 at one

side thereof through a flexible tube. The far infrared radiator

20



time tenperature (sec) (~) 50 30 70-75 In Table 5) a to-be-dried object
‘that was prepared by coating 25 mmthick polycarbonate resin boards with
films nmade of 300 ~cn thick acrylic resin Was irradiated with far infrared
radi ation of wavelengths in the range of from3.98 to 4.563 l‘?‘dﬂ:h 2003
‘correspondi ng to the maxi num absorbance of the resin. A surface tenperature
of the polhsgathensghfe " 6iucho daMthel BRSFI®! Fef ahgedodndi B by
excellent dry conditions of the resin were obtained under the above

descri bed cdetculagidabpath I simmnmecBised 2ArbhithiA00Bichntihée i lsis ofr t he
paranmeters including a tenperature in a drying chanber, a distance between
surfaces cfincndates fnom shedrvididachanbermd 2t thrangly the pleacs cantyer
to-be-dried object and an_irradiation time ware 70 to 75 Cin the case of
acrylic rd$ f9aiR &ockhe Hehkd ChapbeXchkient dry condition is achieved on

b d of to-be-dried qbj t f t t f th
o-berdrfed obj EBe Temten I B8 whLa et heat Renmed il ot enbt are
f'ef ormat | Q{tﬁh%mﬁ%&& QcE-gﬁ. 28 Sﬁ A @ﬁ{a Lﬁl%%‘&&écﬂ%m&eof‘&%o | ng at
east one 0 e paraneters rncluding a tenperatdre in a drying c er, a
surface t gpRaatdLarivd avise z‘mtﬂﬁ@eﬁ%erﬁ%aeiéf)@aevamhg niedindt, | iy 4 e of

far infrared radiati on and a di stance between far the infrared radi ators
and the t oy dei Révedjupuaridoandaddwniaridngl thbariax ranksdostIo alo Applmncability
of the Invention As described above) the present invention is adapted for
appl i cati Gy alevatinggmeenbe- dBY etheoparementuch ddsthacer batweqmrtis
autonobil e parts and food wherein ar infrared radiators used are adjusted

so as to refiverdriad ohiech dd ~adi e Frodnfaseee ntrdistars A§ eavbébout 3

to- 525’3? | PR 7 SRR T AP o 48 RABRA EFOeF By 1o BFEUPDad -ihes ot o
o bo- ar abiany eer ke BOCERT SP MRl Prfi6e s 2 " ST R RO B e 1<

claimed is: 1. ArdlYelsBEBhbSADOE view showing a main portion of a dryer

equipped with a heat accumulator. The heat accumulator 30 has
a structure in which a plurality of pipes 35 made from copper with
a good thermal efficiency are fixedly arranged on the frame 14
at predetermined pitches. Radiation fins 36 are fast held on the
surface of each pipe 35. In 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 alr 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 is eventually supplied.



a far infrared radiator that enmits far infrared radiation optinmal for
drying a to-be-dried object; a drying chanber in which far infrared
radiation emtted by the far infrared radiator is directed to the
to-be-dried object to dry the to-be-dried object; a plen or
‘preparing a downflow of hot air toward the drying chanbe?g]hggﬁfg?rgo?o whi ch

a plurality of Thiaeghsrmérdduarecdetatipesd Dt ormideviventan e5shmehivabibss provi ded
with an opening for jetting the hot air that flows down fromthe plenum
chanber tkivgdsl efiestirycturechanker theinpeésant | hagveketiare, fin erxder nto a

di stance between the to-be-dried object and the far infrared radiators; a
hot air ceffeativedyul eilizepakhe fbeat| pEQRuEed g byhethvt farr infgared heat ed

up by heat (?enerat ed fromthe f ihtggrared radi ators; and a control device

for cont rAdIHPEs tlér'rp'él?%tﬂ:]'r"’é'aﬂ'ﬂi’ FOPPRY RIREH D) Wikhi 2 Gogdaheat tine of
far inf d iati the far i d_radi at
and & i ot nChee hetbhotihe BPRGEFLHR hREYRLs  orbEtBRreg o
bt oot g o foe ; Chat e

"ot rar ed 5 2 PRI oOead B LG TGS LR e IR oflbE Pro
chanber in¥héddn fadithiefha 81 &EE ic3@nadyl. O NTHYdoppdrPp1p8€ 3Hlare heated

infrared' radiator is directed to the to-be-dried object ;i 7
up to about 400°C through heat accumulation by the heat. It is
preferred in terms of a heat accumulation effect that this
decomposition de\'rice 30 is located at a site as close to the far
infrared radiators 15 as possible.

Further, the dryer 10 is provided with a radical reaction
chamber 32. An enclosure 31 that is extendable and contractable
and which is made from a heat resistant material 1ls 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 1s 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 imp_urities 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 materlals 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

o]
™o



24 March 2003 to dry the to-be-dried object; a plenum chanber for

prepari ng~a downfl ow of hot air toward the drying chanber: a frane to which
a plurality of the far infrared radiators are nounted and which is provided
with an opening for jetting the hot air that flows down %y, l\enum
‘chanber toward the drying chanber: an el evating device f%ﬁ%\‘/&ﬁ&aﬁe

pl enum chewdigseransh t Bepphtiédly t ¥ecdmpgodes Niearmaté vk Os8ch as @ag body)
upward or downward: a hot air closed circulation path for circulating the
hot air timpuritiesatnd thebgb)hddte boherint cthatr s Lheérddmced fimtoedhe

radi ators: and a control device for controlling a tenperature in the drying
chanber, @¥ving shambesnlei f@lbfthfearaquﬂarmqtgena@h@mpea 3 begomes
tenperature of the far infrared radi ator and a distance between the far

i nfrared FHRAMGERONG PRY FBCRAIMGTIPIGHBEL IS WheFS A conprising: a far
to- be- dri ed obj AR ETtRY MRamber FRESH & etk Bely pagtaenln © °
o o, Plndies Ao EORE Al AR bEr Yol B6RThePeADB1bRuRENIRBES ©P) ot
18 through the hot air closed circulation path 17 are
oxidation-decomposed to be gasified when the impurities and the
like pass through 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 1s 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 1s 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



a pl enum chanber for preparing a dowmnflow of hot air toward the drying

-chamber ;

radi at or:

“the hot air that flows down fromthe plenum chanber toward

chamber ;

obj ect an

an encl osure for enclosing the plenum chanber and the far

i nfrared

a frane to which a plurality of the far infrared radi ators 38
24 March 2003 are nounted and which is provided with an Q@q@'ﬂg,§863jetting

SRERAH TR AL AVPL G B D P SR B 18,

e dryrng

be-dri ed
pat h

for circuggti égangies ROkadhlyti@tldyenbaedgus dutdlSaic gaaer adsskds am t he

far infrared radiator; and a control devise for controlling a tenpe
in the drgbbgentdnbtie rasin; aadiinpua tilesenohidtaand dusar. e ek faibeQn, a
surface tenperature of the 'far infrared radiator and a di stance between
the far i shedmpirigdestand thel like inglindedrinethebosrir thanhds\parssed
ggra far infrared radiator that emts far infrared radiation

. augh Ager R INatiReECR B afe radersd hg QUMY - i Fusthher . ar
| nfrared. LAdIA 00 T PaYnbl8sE2hs RCRRE oSt YodfuThESE S

conprisin

opti ma

f

that 1s the radical reactlon chamber 32, through the plenum
chamber 18 and during the passage through the chambers, the
impurities are further decreased. Further, the hot air passes
through the filter 24, thereby d4decreasing the 1impurities
additionally. As aresult, the hot alr that has been cleaned free
of the impurities is eventually supplied to the drying chamber
12.

Besides, in the Figure, transport means 1s 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 1s used as
transport means, varlous kinds of dust particles are generated
from the conveyor itself during the transportation. Hence, thers
occurs a chance of the dust particles attaching to a to-be-dried
object.

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 avold such an inconvenience, a structure 1is here
proposed, in which the transport device employs a plate member

extending along a longitudinal direction that emits far infrared

rature

to the



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 el evating device for varying a distance between the t

ahe-dni bj ect
‘and the far infrared radiators; a first exhaust duct forﬁéﬁgéﬂ%}gﬂ@ a
gasi fi ed sadiantomm@andhthe ipdatermembdre 15pieridieidewibbjmenty smalhdodegi ng
chanber to the atnosphere; a second exhaust duct for discharging hot air
that 3~ tbareir chFugtber; relpanaskals thdeditpfmeut Hovead the Hsirfaice cl osed

circulation path faor circulating . the hot air that ii.s heated up by heat
gener at ed°f rg}iﬁ‘?t\:l%"?%‘rdqirﬁdr é’&’é&gFa&F%ﬁ‘ othe a"'ﬁl?]'g' a8desol thak é%-f éhe

?‘n’gﬁ ared P EoRed Zébipe?%%@est AElaFarRed B E e b4 et ¥R Bror and
. : i ~t.Q=be- dr i j . o
A dryor aBSRT oo e e ooy e [ EepoRt QLelodMGlR B e Clodinly

radi ator ¢p&teEEEiech f alini BhERILGayadiabhPit 1Y Yudl QY (81N &gl ace of
a curved nmetal plate; a heating device tfor heating the netal plate; and a

hol di ng/ sbappawt 1t 1l dispelrekbdi 1vy tihec digilag ¢Haiber n2aandrimeshrdraee and/ or
maki ng the netal plate assune a curved shape. 6 . A dryer according to any
of cl ai nsatet pregventgrtrfyiom @fdaphingivo & @ydatcbpoauflati on path is a closed
path through which the hot air circulates fromthe d)rt%i ng chanber through

t he pl enum chanD¥Fthgfi At egdeRd oY ithretleganet impurities andhargitsilng t o

f clai t furth I Sj le d Lti
devi ce ¢ ndroPs R Fae s toERe=Roten FhEMmsd A LR e F s ERES Ehec cani ng
the hot a%méﬁﬁﬁefép Hgggriﬁ abeeeP'&%%99%%15:58;:0&59{%/‘?&@%%” di ng

to claim ereln the nol ecul e deconposition device Is Tocated
between tha RbedwptebaMbayeAnthibeabssrvdf fitd ethpaechiledl ada dharmie@iCl 0se to

the far infrared radiators. 9. A dryer according to claim?7, wherein the
gas nol ecmbtedbabspdXin egampteiae acidvea carhonallayencai omaghleriydaced t he
in the exhaust path 19. In this case, since the hot air that are
supplied to the exhaust path 19 is considerably hot in temperature,
the hot air to be discharged is preferably heat exchanged with
a cooling layer provided in the exhaust path 19 in order to decrease

a temperature of the hot air by air cooling when the hot gas is

discharged.

Third Embodiment

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

32 that is provided in the frame 42 1s enclosed by an enclosure



AO 24 March 2003 enclosure for renoving a gas nol ecule included in the
hot air by a radical reaction. 10. A dryer according to claim?7, wherein

t he gas nol ecul e deconposition device is |ocated at a position downstream
fromthe drying chanber. 11. A dryer according to clai up bl,l’cthhfb 3
“conprising: a catalyst device and a filter device in the hot air closed

ci rcul at i ¥hppavhded widhi 2 refilesting pdaserdt apdheatetnspbatinonlatesce. 12 .
A dryer according tqQ claim1l, wherein the fjilter device is provided in the
ol entim chibert Sheuld v PEFSd LA taT R CebLER b3 PLaGR Aol PERBOEARL I coul o
deconposi ti Vi i ncl.ude i Vi ce ) h x¢h eL_or a heat
accunul at :%ogﬂf% Xi Pyt%r fggcgflgf%ggéo %}gaﬁ:n;lo%,la &r gﬁ%cﬁhémgg%téar

accunul at ﬁ{ffﬁ%@réﬁi&'@idﬁ 8nl the'Bi 8B Sppddiartd tearOlnPlPAS Qﬁﬁ?a%ﬁé

material wth good heat conductivity are arranged at predeterm ne

i nterval s1515Th8 d¥yaig @hembdrniR 11 pRYvoledWAItIE alttandpor BN jhe far
infrared radiator emts far infrared radiation from above and bel ow t he

t 0- be- dr i f6ir dirjaesportstich dfyartatecdting olvjaoty adbngl iilongltudidal wherein
the far infrared radiator is arranged above or bel ow the to-be-dried object
and a refdixadtipnpl| afar tinfirared cadiation iisf emilttied afrom isoplunatieyl from
the far infrared radiator is disposed bel ow or above the to-be-dried

obj ect. 19f Wheirfan EEargdngadbabens ofS cthatmdre BFTangfhepBPVe tHRe dryi ng

Crathe el a0 SICL PG SO on 8 4ol i g o sageed o0 e
co o ; . ! A d

mecor d ngt THHY Eflafiflel 33, €3 REke 8L 8F ot BEod Pacefbh dheii A therdteq |\ CLVY!

radi cal rpa@idtdtrsChaneerbe Hbt aArday@rifeAdcdilagel Cafdhy @heCbatsad to 4 (
further conprising an exhaust path for discharging the hot air that is

circul ati of) the eheldwmirenid8.cl Dsetioviidchd abted fatthai diistdrum bebtwsaner e; and
a renoval device provided in the exhaust path for preventing inpurities in
t he hot athefyrhepdragdeiants ged tha SarhinExampdhraddatops 14 grpcpe

accordi ng in the exhaust path conprises: a

t f clai to_4) wh
first exh‘éﬁg'i‘g?%@g’ fgﬁﬁla?r;gl‘:#é?g‘?%‘)g‘?f gégitf PROYR bt vent or the like fromthe
to-be-dried objgel rb@%gggilg%ﬂlﬁrlqecQ@”@&J{si{jﬁﬁiiﬁx@etﬁ& &tmesru% i‘E'd:hé second

exhaust duct for di'schargrn e hot air circulating in the drying

chanber t@iipesad BaIBRCtiR t%&ns?oﬁf%ltaigwﬁﬂjﬂga tReaatofinghdht®nd to 4 (-
wherein a surface tenperature of the ~to-be-dried object is set to a

pr edet er npheted etfparat dispésed upoveohhe otrdnsrort behtrid, e te tihe at | east
one of the paraneters including a tenperature in the drying chanber, a
surface téppbrandidobt spdesart | the drapspagiabett Bh irradiation tine of

far infrared radi ati on and dist.anc tween the r infrared radjator and
Lhe Lo bo ari sohsh wlpef DBeSh® iRt arthEr darer A& soBr Y Ging 1H88 )
wherein t |, gd&yi n i udi ng a
t enper at urggc?(g%fé;r?i % %ﬁ%‘ﬁﬁﬂeﬁ wé%g%?gfﬁaéﬁpg?g%%rp%%g% Etﬁéa?gﬁé’ nfr a?ed
radi at or, tA8 Hot' £k 8ha PR 1kciRatés hartnedrpéedo nadoatHePArpiity anahséANCe

between the far infrared radiator and the to-be-dried object so that no
defornati 62 i thlecencldsuxy i48d Objgast motecmbs 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



42 24 March 2003 23 . A dryer according to claim?21 or 22 , wherein the
‘to-be-dried object includes a thin board nmade of'acrylic resin and a
surface tenperature of the board is set in the range of from about 50C to
about 90C. 24. A dryer according to claim2l or 22, wherg} Mgmﬁ Qg?ge-dri ed
‘obj ect ingJudes a thin hoard made pol ycarbonate resin and a surface
t enper at u?c:ée o?alf Hé’flf&é'Fg F%gjsaetpqsn?%hemf acf‘fbé:?‘&f gFPG ngRtattascrigtapout

75C. 25 . dryer C ' t ' r rein t 0- he-dri ed

obj ect iné@ﬂdéﬁéﬁ%agsﬁi'ﬁg oéa?fg'& ?r%%eﬂo ié%‘&%ydégécfen%;ﬁ& apgé‘lr;lf%ec‘gwggﬂper ature
of the bo i in e g bout about, | 26 . A
dryer accgégi hgaitﬁgi?:f ait%qutfégx? gge‘?m%ﬁeel?ng%hgétgg- %Q%r?gdsogjégg{'di ncl udes
a thin bogpBodBféntof aktWHONIE b EoEed YR LGy dEiP3id ke ghsitaelaand is set
in the range of from about 100C to about 175C. 27. A dryer assenbly

conpri si ngeecompaes it idny defritaesodiyetise ancdbdiung 4®& asngestribed mbotet 0 4,
each as a unit, wherein paraneters in each dryer including a tenperature in
a dryi ng eheadteal geactiqui chanhen isefofrmédrin theaesdleavrait48nthatsurface
tenperature of the fa'r infrared radiator and a di stance between the far
infrared tdi 4R otheyAFHNG cBaBRe¥iri%d obj ect are independently controll ed.

28. Ad o/ ' | ai 7. wWh ' t | t f th

par amot 15 i n CCRHror AET JRERGE S8 FBREFEF T A8 T4 e APy RRGeARRAAY, | an

[ di ati t { pf ikad, 100, f th

tar it rarid PRRRO BRI A et e et S ARTRTREL Mg ) % ana

the to-begdspsde@hivifile thie transpdft Mt 13003n £l & fi@leLRbAY SAfu1hkeAyt he

ot her dryers. 29 . A dryer assenbly according to claim?27 , wherein a

t enper at upgatas at & ayiengespeEstise lysdsspodadl hbeveoviesttranspbetivdiat 18i de of
the to-be-dried objects in a dryer. 30. A dryer assenbly according to claim
27, wher e@ndt ke theclefils @nd ightitsidpsdihereaf.-for a frane. 31. A dryer
assenbly according to any of clainms 1 to 4, conprising an ultraviol et
radiator for i r?"é‘g"rl’éﬂ' e hERe GXBRT (19 B3 SohjdePLR; ?ﬁh%ﬁtr UehI theter the
t o- be-dri ' I Syl | | far-d nkr.are lation_fr. the far
infrared ‘ragalggtégr%.ﬁ' te32 ?ﬁéagg%/]gﬁeﬁgg{é%%‘g’lufqa%dc§%cf‘?{16gg?%§g+ glkiﬁggié, d\%ﬁn}ér ein an
irradiatiqy 988 ffr WildcUirgb &df HMighlsed1 58 048 i tUld’ @Kb Ol Bile 'E@@IAROr is in
the range of from about 300 to about 600 mJ/cnR. 33. A dryer assenbly

accor di ng tbebanriiriéd obdeets 1A tie drytngahasbag tanthé tatavisphete | stlitaeor for
irradiating each to-be-dried object with ultraviolet before the to-be-dried
obj ect i s ther auter eekhdust fuet g g vgedationtdisehiarge phctherhdtnplyr ed

radiator. 34 . A dryer assenbly conprising a plurality of the dryer
accor di ng tPGtaHF‘E)‘FY%*F%ﬁ o thodHYEE%rﬁﬂqn%el’r'ggﬁ ther dWaRPheRfi-at or for

accor di ng t68fafy" 8 eef i ERPodar’ i tor for
obj cct 15 ragh & Eh Tarrheradeh el fb BrblTHEN kS A/ abE BB

radi at or. a3%. cfrslidt1oaSSE Y r 33¢endhtloh A rAtNe @frth%i dFambér S xnhad3 or 34,

further conprising transport neans for transporting the tobe-dried object
bet ween t metphiirathdse dfempeyatsre det wadsetlhiey drastr gendrahed uitomthel et
radi ator, or between the dryer and the mcrowave radiator. 36. A dryer
assenbl y desoiufngred xadliatozs, Wedr Enpthermersy tthere-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

27



24 March 2003 neans is provided with transm ssion neans for transmtting a
-mcrowave, far infrared radiation and ultraviolet. 37 . A dryi ng netl”. od
conprising: a step of changing a wavel ength rar:ge of far infrared
radiation in orcler to supply far infrared radiation Optimaﬁcﬁfzwzi ng a
"to-be-dried object by changing a surface tenperature of a petal plate from
which the far infrared radiation is emtted, said far infrared radi ati on of
a waveier:gth being in t:n2 range of fromabout 3~: mto about 6r.:m
correspondi ng tPrd hes meyi auBcakmatbenisectnbraENvibs Shewlagbadrdrgd obj ect;
a step of setting a surface tenperature for setting a surface ~ tenperature
of the toabsenbledéobreording &optbeairysantedinvenptomttivae bymmoidealal i ng a
di stance between a far infrared radiatcr and the to-be-dried object; a step
of irradi RiPRgLite e5- Bevers ededprirad win hanvr of nithgr &drs&ditat itddrdf t he
predeterm ned_wavel ength fromthe far infrared radiator; a step o

f
suppl yi ngeRBPaimentRa: Hareht nFhgss e KoRstitnents &f eaehmathehe FLrskt rar ed
di at t 0-.be-dried qbj t h hot ai | d ci | at i
Irorgte 'th ééd??om %%f‘%@%%%ﬁ%ﬁé%%ﬂ%%ﬁs SRpeRS LR S e IrO: n
u : i i si ng:
o110 L Spatalose g st apegeg il

a step of changing a a nrrare ron in-order to

supply faknenéraedd I Adihipe?Bt@RE i 1TRLNE Uryiny BHamoédP; Q- OFtal 4HoqCt by
cranging a surface tenperature of a netal plats fromwhich the far infrared
radi ati ontiimeesf tfaf infraded arad idtriangdar adifdco rtenfperatarel @hgl Fakei ng i n
the range of from about 3~.~mto about 6;am 45 24 March 2003

cor r espondnfigared medlager mamdad ddsbance bietweenn fag infararediradiatdrobj ect ;

a step of setting_a surface tenperature for setting a surface tenperature
of the to@B8-Yio%shesiried abdestpln f2ch of b ¢ argr thdgpendentdy i ng a
di st ance be;lyeggé] gdfar infrared radi ator and the to=be-dried object; a step
of irradi &I ng ?ﬁe to-be-dried object with far infrared radiaticn of the

predeterm ned gy &leig! Ond WM hd Halrdet BEE A P eabAtb £lddyerd SiARdhg

supplying hot air heated up by using heat generated fromthe far 1nfrared

radi at or faotehpetaties dir &d dekjirgt chariweh #h HetradibtCobRSehe idfC flagt i ONn
path; and a step of cleaning for causing a radical reaction, by gas
deconposi indmared ragiatidres 3 nsurfadeottempenatareciofcd #fags infrawedhot air
closed circul ation path. 46

. AF9. Ay. AF2RdaRer ANBRR R dASFIR2e betgaenapaBan ntnaredagadiatamiang p A5l L. A,

A S S o e e Bl el U
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 contréls of the parameters are
performed by a control device 58 equipped to the dryer assembly
56.

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

is effected using a voltage-controlled element or a current-
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(epoxy

(°c) (mm) (sec)
resin)

450 450 450 130 180
surface temperature of
to-be-dried object
(°c)
51 53 62

That 1s, the set conditions were such that: a surface
temperature of the far infrared radiators of each dryer was 450°C,
a distance between the surface of each set of the far infrared
radiators and the board surface of each to-be-dried object (along
a vertical direction) was 130 mm, an irradiation time for each
dryer was 180 sec and a wavelength of far infrared radiation in
use was ranged from 3.98 to 4.63 um. Further, in this embodiment,
the other conditions were set 1in the following manner:
temperatures of the board of each to-be-dried objects were about
51°C in the dryer 10A on the inlet side, about 53°C in the dryer
10B in the middle position and about 62°C in the dryer 10C on the
outlet side. When dried under these conditions, bubbles occurred
in the resist coated on each print board and a copper was discolored,
which showed that the results were poor.

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

irradiation doses were 100 mJ/cm?, 300 mJ/cm? and 600 mJ/cm’.
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' 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 re's:l.st 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, sufficient 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 radlators, 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 1s a construction illustration showing
still another dryer assembly according to the present invention.
In the Flgure, 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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showing a dryer assembly of yet another embodiment according to
the present invention. 1In 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 lrradiated on a to-be-dried object before the far infrared
irradiation. The irradiation of a microwave i1s applied when a
to-be-dried object contains much water. An irradiation time of
the microwave 1s 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 drylng 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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melamine 96 130 124 50 120 175

In Table 2, to-be-dried objecfs that were prepared by
coating aluminum boards 20 mm thick respectively with 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.

Surface 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
{rmm)
(°c) (sec) (°c)
A B C
epoxy 75 96 89 50 180 a0
urethane 70 95 61 50 180 90
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of epoxy resin, urethane resin and lacquer resin, all 300 pum thick,
were lrradiated with far infrared radiation of wavelengths in the
range of from 3.98 to 4.63 pum corresponding to the maximum
absorbances of the respective resins.

Surface temperatures of the acrylic boards which were not
deformed and on which excellent dry conditions of the resins were
obtalned 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 c
103 106 93 120 120
phenol,
~ ~ - 40 ~ ~
epoxy
110 112 94 180 145

In Table 4, to-be-dried objects that were prepared by

coating 25 mm thick epoxy resin print boards with 300 um thick
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respective resins.

Surface temperatures of the print 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 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)

(T) (sec) ()

A B
acrylic 50 61 50 30 70~-75

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

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

the resin were obtained under the above described setting
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and the board surface of the to-be-dried object and an irradiation

time were 70 to 75 °C in the case of acrylic resin.

In such a manner, an excellent dry condition 1s achieved
on a board of a to-be-dried object when a surface temperature of
the to-be-dried object i1s 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 Applicability of the Invention

As described above, the present invention 1s adapted for
applications in drying to-be-dried objects such as electronic
parts, automobile parts and food whereiln far infrared radiators
used are adjusted so as to radiate far infrared radiation of
wavelength ranging £rom 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 £ilm.

36



210%& () - TU7UoUzUUUDE7/ 10@@z 10%& ()-3 s-f 10%1& () -+ 10%& () -)
“10%r& ()- (yl0%r& ()- @3 10%r& ()-UUsVgV| VWWWAYNC 10 10m 10m
10m 10%v& ()- 6, 10%m& ()- 4y 10%& ()-F 2S10%r& () - 110%m& ()- WVYZZ\}[ <YNC

(10& 109%@& ()-![9 10% ()-n "9 10%@ ()-m 09 10%GB () -4 March 2003
10%@& () - m'loo/@ (O)-\11111%4~X"~_= 10! QB9 10%& () - - 39 10/&'?)--IF100/&'()
10@10@10 %&)J%& 109@g& () - X *acccceduj @ 10! "1 10908 ()- 10 10
10@ 109413 3F 10041& ()-fF 10%&'() f dBdpddd( e’ edE] @

10! 9T10%08 () Y 10%)& ()- %A0%& ()- 10%0& ()-10%0& () -
10%08' ()-"eqeeiijPj dEj . @ 10! F6 10%0& () - F4S 10%0& ()- |

1. 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 air toward
the drying chamber;

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

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

a hot alr closed circulation path for circulating the hot
alr that 1is 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 infrared 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 radlators, as one body, upward or
downward;

a hot air closed circulation path for circulating the hot
air that 1s 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 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
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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 alr closed circulation path for circulating the hot
ailr that is heated up by heat generated from the far infrared
radiator; and

acontrol device for controlling a temperature in the drying
chamber, an irradiation time of far infrared radiation, a 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 obiject:

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 radlators:

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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circulates in the drying chamber:

a hot air closed circulation path for circulating the hot
alr 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
tempaerature of fhe 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 radilation 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, wherelin the hot air
closed clrculation path is a closed path through which the hot
alr circulates from the drying chamber through the plenum chamber
again to the drying chamber.

7. A dryer according to any of claims 1 to 3, further comprising
a gas molecule decomposition device' that is provided in the hot
air closed circulation path for cleaning the hot alr 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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a radical reaction.

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

11. A dryer according to claim 7, furthe; comprising: a catalyst
device and a filter device in the hot air closed circulation path
in addition to the gas molecule dacomposition 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 de\}ice 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 conducti‘}ity are arranged at predatermined
intervals.

15. A dryer according to any of claims 1 to 4, wherein the far
infrared radiator emits far infrared radiation from above and
balow the to-be-dried object.

16. A dryer according to any of claims 1 to 4, wherein the far
infrared radiator is arranged above or below the to-be-dried
object and areflecting 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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a removal device provided in the exhaust path for preventing
impurities in the hot air from being discharged into the
atmosphere.

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

21. A dryer according to any of claims 1 to 4, wherein a surface
temperature of the to-be-dried object 1s 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
devicecontrolsatleastongofparameters1nclud1ngatnmperatura
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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chamber, an irradiation time of far infrared radiation, a surface
temperature of the far infrared radiator and a distance between
the far infrared radiator and the to-be-dried object are
independently controlled.

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 dinfrared radiators and the to-be-dried object is
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far infrared radiation from the far infrared radiator.

32. A dryer assembly according to claim 3i, 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 irradiatedwith
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 is irradiated with far infrared radiation £rom
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
milcrowave radiator.

36. A dryer assembly according to claim 35, wherein transport
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temperaturs of a metal plate from which the far infrared
radiation 1s emitted, said far infrared radiation of a
wavelength being in the rangs of from about 3um to about 6&pm
corresponding to the maximum absorbance inherent to the to-be-
dried object;
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 radiaticn of the preadetermined wavelength from the
far infrared radiator;
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

wherein the hot air supplied to the to-be-dried object is

prepared from a plenum state as a downflow.

33. 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 1s emitted, said far infrared radiation of a

wavelength being in the range of from about 3um to about 6um
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corresponding to the maximum abscrbance inherent to the to-be-
dried object:;

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 betwesn a far infrared
radiator and the to-be-dried object:;

a step of irradiating the to-be-dried object with far
infrared radiaticn of the predstermined wavelength £from the
far infrared radiator;

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 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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