1 DESCRI PTFON METHOD FOR FORM NG ADHESI VE LAYER 5 TECHNI CAL FI ELD [ 0001]
- As disclosed in the Japanese Unexam ned Patent Publication Nos. H05-302176,
HO7- 112160, HO7-136577 and ot her patentl applications, the applicant of the
present ~ invention has proposed a powler-coating nethod in which a
wor kpi ece (i.e. an object or a 10 part to be coated with powder) having an
adhesi ve layer fornmed on its surface, fine particles of powder, a
powder - coati ng medi um and so on al¥SGHPAIQY with a vibrator so as to
apply the powder to the surface of the workpi ece via the powder-coating
medium This nethod can be used to paint the body or other el enments of
el ectroni c devices, such as cellular phones or notebook conputers. The
present MIVEAODITOR FIGRMINGARHBERIVBAAYER 15 formi ng an adhesive | ayer on
the surface of a workpiece, which is perforned as a step of the
above-descri bed powder-coating nethod. BACKGROUND ART [0002] 20 Currently,
various kinds of |liquid thernosetting resins are used as an adhesive
nater%aIT%Q{ ]Eﬂﬁjﬁﬂ£§9 adhesive layer. Form ng a uni form adhesive | ayer on
t he surface of a mo}kpiece requires a resin having a high degree of
fluidity Bh refore, the resin used for this purpose is usually dissolved
into, dil%}é with or dispersed in an organic solvent, water or other
sol vent . LBin%*the I%guid resin prepared b diIuting:a resin with an
organi ¢ sol veAt @pclasedaingthyilppgnesy Upermingd datsat Pybbicadigneos. FH5aHRe<0.ve
| ayer is formed on the surface of the 2

HO7-112160, HO07-136577 and other patent applications, the applicant of the present

invention has proposed a powder-coating method in which a workpiece (i.e. an object or a
10 part to be coated with powder) having an adhesive layer formed on its surface, fine
particles of powder, a powder-coating medium and so on are vibrated with a vibrator so as
to apply the powder to the surface of the workpiece via the powder-coating medium. This
method can be used to paint the body or other elements of electronic devices, such as
cellular phones or notebook computers. The present invention relates to a method for
15 forming an adhesive layer on the surface of a workpiece, which is performed as a step of

the above-described powder-coating method.

BACKGROUND ART
[0002]

20 ~ Currently, various kinds of liquid thermosetting resins are used as an adhesive
material for forming an adhesive layer. Forming a uniform adhesive layer on the surface of a
workpiece requires a resin having a high degree of fluidity. Therefore, the resin used for this
purpose is usually dissolved into, diluted with or dispersed in an organic solvent, water or
other solvent. Using the liquid resin prepared by diluting a resin with an organic solvent or a

25 similar solvent as described above, an adhesive layer is formed on the surface of the



wor kpi ece by di pping the workpiece in a reservoir containing the resin, or
by spraying the resin. onto the workpiece. An exanple of the liquid resins
currently used is a thernpsetting epofy resin, containing 97%resin and 3%
curing agent, diluted with nethyl ketone. 5 DI SCLOSURE OF THE | NVENTI ON
PROBLEMS TO BE SOLVED BY THE | NVENTION [0003] In the above-descri bed
powder - coati ng nethod, the powder is directly, or via the powder-coating
medi um  2OPIIEE by slipies s wprketeee Hag THETVOHECORHWAY (he Tt &Yoﬁpﬁ%@&)ﬁhel ts 10
surface, and then the powder is pressed onto or into the adhesive |ayer by

t he beat rasg ede ilenwordpietd eAp exwiarie ob thei ligi dresding purrgiitlyngedvist hthehnasejiingcess,

t he adhesive material constituting the adhesive |layer, which is now

cover ed whdxy redig, cpawubiaig 97% r&it dndbed cuting apeht dilsged vk enettiyl kéthee. powder by
the beating action of the powder-coating nedium The adhesive material thus
extruded al so receives the collision of the powder-coating nmedi um whereby
t he pomder hel d 15 on the powder-coating nediumis transferred to the

wor kp Cf) apg UREhﬁF@?H9§$VEﬁTKﬁ9nt'nUOUS|y applied to the workpi ece. Such

a po er appryrng process, or a powder coating process, is finished when

t he adhe ve |l ayer can no |longer be
extrudedigﬁﬁggﬁgﬁgkgﬁﬁggﬂz&%é¥%%£gﬁﬂ£§gﬁ9ﬂ§ﬁ{he beati ng action of the
powder - coating nediumonto the workpi ece. Therefore, the thickness of the
adhesi vel?¥Er applied to the 20 workpi ece decisively influences the

t hi ckness of the powder coating fornmed on the workpiece. [0004] As

expl ai ned pr e theséhovetdheribdh esivder-taayieg nuathadh ¢hes powdaras diretthe ononk gicece i s
formed by dipping the workpiece in a reservoir containing a liquid resin

di | ut ed woivlleracodfng gledi@nt, applicdoy 159 ayiipigedhakinguhé adlesive 1dliel firgddwintily a

solvent onto the surface of the workpiece.

10 surface, and then the powder is pressed onto or into the adhesive layer by the beating action
of the powder-coating medium. Along with this process, the adhesive material constituting
the adhesive layer, which is now covered with the powder, is extruded up to the surface of
the powder by the beating action of the powder-coating medium. The adhesive material thus
extruded also receives the collision of the powder-coating medium, whereby the powder held

15 on the powder-coating medium is transferred to the workpiece. Thus, the powder is
continuously applied to the workpiece. Such a powder applying process, or a powder coating
process, is finished when the adhesive material constituting the adhesive layer can no longer
be extruded up to the surface of the powder by the beating action of the powder-coating
medium onto the workpiece. Therefore, the thickness of the adhesive layer applied to the

20 workpiece decisively influences the thickness of the powder coating formed on the
workpiece.

[0004]
As explained previously, the adhesive layer on the surface of the workpiece is

formed by dipping the workpiece in a reservoir containing a liquid resin diluted with a

25 solvent, or by spraying a liquid resin diluted with a solvent onto the surface of the workpiece.



3 Use of such a dipping or spraying neans, however, nmakes it difficult to
regul ate the thickness of the liquid resin applied to the workpi ece, which
means that it is difficult to form a powder coating having a desired

t hi ckness on the workpi ece. Another problemthat further increases the
difficulty in the regulation of the thickness of the adhesive |ayer forned
on the 5 r%pie e gxists in that the s%jvent shoul d ?ﬁ%r noved %ro t he
liquid resPrPtaplli 4 RPSE Ak SPIRGIRPIEVE: MRBFESy BIACY 1 PR Burdialstis i s
applied using a dipping or spraying neans, the liquid resin.apPIied to the
surface &Hckigss %h%gﬂ'é ée%anpéiéétq t?l@é*&fklé@ﬂﬂeﬂ@h@%& that ip HediBicult fpfosmpool s
on the surface of the workpi ece, which causes the adhesive |ayer forned on
t he sur fgowderf caahirg hevikph deerctdhibnasnew 8w warkpibee Kmegsr prbblehrOthesjurthért er

the liquid resinis applied to the surface of the workpiece, it is

necessar Y¥ndréused thodifficiltieingié xgolatiamdf OF lgtkReNPARE Adlfesive geef@med on the
conventionally, a heat treatnent is performed on the workpiece coated with

the |iguivthrk@sdeexids SVAROHELEVEREHSRLRTEMBA B5RGhe ligaERens Bbstied IR
met hod takes a long tinme for the formation of the adhesive layer and is 15

probl emat | h t. o0 gnseryvation.of ener Furt hernore,
Pt Che ¢ Rty MASREE i i e, RIS AP e Dl SDEHEY or ML el 08 D e
to performihe heat .treatnment.to aporate the sqlve and qther
conponentGudnemplich & e eaeeof FRORORBRee K oR bhalsribtreat dPets o @
requires a Ion%er tinme for the adhesive |ayer to be 20 forned. [0007]
Thus, an 8B} @eels op hhairfce sbHe Workeised. sriichscaugesdbt gdhepine laygpfemae se theped

problens relating to the conventional nethod for form ng an adhesive | ayer.
surface of the workpiece to be uneven in thickness.

10 [0005]

Affer the liquid resin is applied to the surface of the workpiece, it is necessary to
remove the solvent and other components. Therefore, conventionally, a heat treatment is
performed on the workpiece coated with the liquid resin to evaporate the solvent and other
components. This method takes a long time for the formation of the adhesive layer and is

15 problematic with respect to the conservation of energy.
[0006]

Furthermore, if the thermosetting resin has a low curing temperature, it is impossible
to pérform the heat treatment to evaporate the solvent and other components, and the resin
needs to be left at room temperature, This requires a longer time for the adhesive layer to be

20 formed.
[0007]
' Thus, an object of the present invention is to solve the above-described problems

relating to the conventional method for forming an adhesive layer.

25



25 4 MEANS FOR SOLVI NG THE PROBLEMS [0008] To sol ve the above-descri bed
probl enms, a nmethod for form ng an adhesive | ayer according to the present
invention is characterized in that the#4adhesive layer is forned on a 5
wor kpi ece by maki ng an adhesive | ayer formati on nedium coated with an
adhesive material collide with the workpi ece so that the adhesive materi al
applied to the _adhesive layer _fornation nediumis transferred to the

wor kpi ecMEp[‘I‘GS%EQ]R YAbY ey RREBLEMS or mi ng an adhesive | ayer according to

the present invention is 10 characterized in that the adhesive |ayer

f or mat i ofP0ABHI um coated with an adhesive material and a workpi ece are put
into a container, and an adhesive |layer is forned on the workpiece by

vi brati ng theTadobsithe dbayedestaibatapiodlenizpdi micthed fohfyrnbrekai ediessivorlayay
stirring the adhesive |ayer formation nedium and the workpiece.. [0010] 15

In the ab&\é%ﬁgﬁpﬂh& bedermhiodsn §Ofhat R0 1ARaAEE a8héR el |8 s fokthed 6n a
preferable to Ttorm "the adhesive | ayer on the surface of the workpiece

RN i S R T

above-descri hesive Tayer, it I's prefera

20 maintai.n. the thickness of the adhesive |ayer .for on t he adhesive
Fayer T oFHIET ot TRKRReER . Qs P RHet e aeal GPPHES 1€ e ATHASFVBIY ayer
~to be fornmed on the workpiece has a uniformthickness.

formation medium is transferred to the workpiece.

[0009]
Another method for forming an adhesive layer according to the present invention is

10 charécterized in that the adhesive layer formation medium coated with an adhesive material
and a workpiece are put into a container, and an adhesive layer is formed on the workpiece
by vibrating the adhesive layer formation medium or the workpiece, or by stirring the
adhesive layer formation medium and the workpiece.

[0016]

15 In the above-described methods for forming an adhesive layer, it is preferable to form
the adhesive layer on the surface of the workpiece having little or no adhesive material
applied to it.

[Oﬁli]
In the above-described methods for forming an adhesive layer, it is preferable to

20 maintain the thickness of the adhesive layer formed on the adhesive layer formation medium
within a specific range so that the adhesive layer to be formed on the workpiece has a
unif(;rm thickness.

[0012]
The adhesive material may desirably contain a liquid material. A preferable example

25  of the liquid material is a liquid resin, which may preferably contain a curing agent. The




[0012] The adhesive material may desirably contain a liquid material. A
preferable exanple 25 of the liquid material is a liquid resin, which may
preferably contain a curing agent. The35 adhesive material may al so contain
spacer particles. Finally, the adhesive material desirably consists of a
substantially non-volatile material. [0013] A powder-coating nethod
according to the present invention is characterized in that powder
coati ng pdhepiye matErishmal alsegontaespeter pariistaspliaalyy. Hie aibesiye H@tepiah‘éesﬁébli’l cles
of powder to an adhesive |ayer forned on the surface of the workpiece by
one of t bansisshdvweuckeatinllpedn-relatiedsatérod. f or m ng an adhesi ve | ayer. The
adhesive material may preferably contain spacer particles, where the
spacer ppuBples preferably consist of particles of the powder. 10 EFFECT
OF THE | NVENTI ON [0014] Wth the above-described constructions, the present
invention yi ehds, Qg c(f)afl MRS gtfct)ﬁﬁﬁgsto the Pie Q%%lveﬁﬁ&?fscﬂhﬂﬁcﬁeﬁzédhﬁ tpfesent

i nvention, an adhesive |ayer 1s forned he wor kpi ece by making an
adhesive | ayer fornati medi um coa S i Vieng a
thlckr?esapo |%mnn§p g? eci(r)ré.ge céﬁ? Ekwm m%g@§wg¥§ﬁﬂg¥§£ ahCﬁgtdfthe
adhesi ve materi al Eagglle to the adhe |ve eé formati.o d|um

t r ansf er PRYHI¢ oM A2 gt formed ARthe CeRhies I%Ft?h iPE C?a

havi ng a desired thlckness to be forned on the wor kpi ece by
above-described methods for forming an adhesive layer. The adhesive material may

preferably contain spacer particles, where the spacer particles preferably consist of particles

of the powder.
10 |
EFFECT OF THE INVENTION
[0014]
With the above-described constructions, th_e present invention yields the following
effec‘ts.
15 [0015].

According to the present invention, an adhesive layer is formed on the workpiece by

making an adhesive layer formation medium coated with an adhesive material having a
thickness within a specific range collide with the workpiece so that the adhesive material
applied to the adhesive layer formation medium is transferred to the workpiece. This method

20 enables an adhesive layer having a desired thickness to be formed on the workpiece by
| regulating the thickness of the adhesive layer applied to the surface of the adhesive layer
formation medium, or by regulating the amount of the adhesive material held by a single
adhesive layer formation medium. Therefore, in the subsequent powder coating process, a

powder coating having a desired thickness can be formed on the surface of the workpiece.

25 [0016]




regul ating the thickness of the adhesive |ayer applied to the surface of

t he adhesive layer formation nmedium or by regulating the anmbunt of the
adhesive material held by a single adbesive |layer formation medi um
Therefore, in the subsequent powder coating process, a powder coating
havi ng a desired thickness can be forned on the surface of the workpiece.
25 [0016] 6 Al so, according to the present invention, an adhesive |ayer is
formed on a wiikpiwonlingip thekiesnt arvenidtre 9h wahdstipdayet brintmedon avgrlpmceoat ed
wi th an adhesive material collide wth the workpiece so that the adhesive
mat er i al by sndkirgnaf edhiceide tioyer Hermuiok pheatien cbhied widt foddhepive veattrsal tcoBide
formation of a pool that is observed if the workpiece is dipped in a

reservoi i (kORbRbRCO S Rat theldiiithsTve Shaerthd RdraasetBe 1AL QR MR BTIES indtho@r t he
liquid resin is sprayed onto the workpiece as in the conventional nethods

for 1or Mhgedf iadhEmk I bW Bhol (HIUE bR aChas! Yl aYsf (igul Bl ubbhor ™

t hi ckne on the workpi ece obt al ne prese t he spacer
n the surface o esive

particl es f.the a | ayer formation. 10 d

P event < oiningch T4 RS Bt fyPe PARER Bre it B S iPRbISBds e e Mor oves
the snoothness of the surface of the adhesive |ayer to be fornmed on the
wor kpi ec&origsegp isthecenysnsiogalinaethedsfap rgg eadiiyves iy de A a0 apgsvar
conponent to be renpoved after the application of the adhesive nmaterial,

t he pr eséayer havigsg wmefermdhickmdsy o theprarkpiecs is hbtaipedcess 15 of forming an
adhesi ve | ayer but also realizes the conservation of energy and the
preventi ¢p017pf pollution. Furthernore, the elimnation of the heat
treatnment for renoving the solvent and other, conmponents increases the

degree of f r eqHe B QbndeNST thYIEpREr FEEEAEs M thd NRFBASL (HeQRh&iveAl R BBh&ion
10 medium prevents the medium from being trapped onto the workpiece. It also improves the
smoothness of the surface of the adhesive layer to be formed on the workpiece.
[0018]
Since there is no need to use any solvent or similar component to be removed after
the application of the adhesive material, the present invention not only simplifies the process
15 of forming an adhesive layer but also realizes the conservation of energy and the prevention
of pollution. Furthermore, the elimination of the heat treatment for removing the solvent and
other components increases the degree of freedom of the curing agent and the base resin

available,

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0019]
Fig. 1 is a front view including a partial section of a vibrator with a container
attached to it as an example of the means for applying an adhesive material to an adhesive
layer formation mediurm.

25 - Fig. 2 is a schematic perspective view of an adhesive layer formation medium having -



20 BRI EF DESCRI PTI ON OF THE DRAW NGS [0019] Fig. | is a front view
including a partial section of a vibrator wwth a container attached to it
as an exanpl e of the nmeans for applying an adhesive material to an adhesive
| ayer formation nmedium 25 . Fig. 2 is a schematic perspective view of an
adhesi ve | ayer fornation medi um having 7 an adhesive | ayer formation nedi um
appl i ed andsac particles agttached to it. .. 3is a front view

i ncl udi ngt & }5’ SVE | aé’lef @@@ﬁﬁl%nﬁ,qlulgﬁpamd\ﬁgaqeay iclepptiaghsdia idevi ce  for
form ng an adhesive | ayer on a workpiece. Fig. 4 is a front view including

a partial secfiga ivs franioti¢we inchdina patizl softicarl af aditivysilaper foapatiorf davivet i on
device for form ng an adhesive |ayer on a workpi ece. EXPLANATI ON OF

NUVERAL Sfor[fB02i0f aCadhesive tayeasmeworkbdecy. --- vibrator W--- workpiece m ---
adhesive layer formation nedium nR -=- adhesive material nB --- spacer

particle 15 BERT MDE i GARRXENGn O pdidhl sOMENUr Qo[ 2hbokiadiorent s of

the nmethod for Torm ng an adhesive ayer according to the present
5 adhesive layer formation device for forming an adhesive layer on a workpiece.

EXPLANATION OF NUMERALS
[0020]
C ---"container
10V ---vibrator
W --- workpiece
ml --- adhesive layer formation medium
m2 --- adhesive material
m3 --- spacer particle
15
BEST MODE FOR CARRYING OUT THE INVENTION
[0021]
Embodiments of the method for forming an adhesive layer according to the present
invention are described. It should be noted that embodiments are not restricted to the
20  following ones described and may take any form as long as it is within the scope of the
pr‘esént invention.
[0022]
In the present invention, a layer of adhesive material is created on the surface of the
adhesive layer formation medium by applying an adhesive material or an adhesive material

25 confaining a liquid material to the medium. This layer, called the adhesive layer hereinafter,



invention are described. It should be noted that enbodi nents are not
restricted to the 20 foll ow ng ones described and may take any formas | ong
as it is within the scope of the pres8&nt invention. [0022] In the present
invention, a layer of adhesive material is created on the surface of the
adhesive | ayer formation nedi um by applying an adhesive material or an
adhesive material 25 containing a liquid material to the nedium This

| ayer, cedussts ehe raabrialithel haaglerorhegver gednogates durbnentiesnracess of fomaieg jaal  t hat
hardly or never evaporates during the process of formng an adhesive |ayer
on t he wedlepivetayer ¢:0M2 Norkfaedcous ki nds of liquid materials, including
liquid resins, are available as the 5 adhesive material constituting the
adhesi ve[doager. In addition to liquid resins, exanples of the liquid
mat-erials include water glass, gelatin, glue and |acquer. For the |liquid

resin, there gLEquy MU KindSmr 1@,81&519@%@@@9! r%sin%,nsﬂeugianabze%x&eresi n,
n, p arie d

p0| yester resin, acrylic resi ol yur et esl n, | uororesin an

mel amne _resin. For.a |j.guid material, havin high .yiscosit itehs
o1 ovetnr 8IS S mtetlet oshfHthe oL PR g P ol R Rhpie b 1
reducer. , 1Q [0024]. A curing agent may be added to the |iquid.resin used as
t he adheélﬂ\vg THE, w@iudﬁtwaitf‘g g?aéﬁs%laﬁasghuﬁra@c? faaq%df"%%% 9m§a?sen:é#eé%aﬁeo t he

liquid material used as the adhesive material constituting the adhesive
| ayer. [0@XBp kinds pkaaphegvetableh enduding gpare mesinnpelpeier dicsipa aely Berrefan,
i m dazol e, isocyanate, acids and their anhydride.
polyurethane resin, fluororesin and melamine resin. For a liquid material having a high
viscosity, it is allowable to add a compound of a certain kind of resin as a viscosity reducer.
10 [0024]

A curing agent may be added to the liquid resin used as the adhesive material. It is
also possible to add spacer particles to the liquid material used as the adhesive material
_constlituting the adhesive layer.

[0025]

15 Examples of the curing agent include dibyandiamide, imidazole, isocyanate, acids
and their anhydride.
[0026]

The spacer particle is a fine particle made of silica, alumina, zirconia, aluminum

hydroxide, various kinds of metal and resins, and so on. The size and load of the particles
20 should be appropriately determined according to the form and size of the adhesive layer
formétion medium. In a preferable case, the diameter is about 1 to 20 pm and the volume
percentage in the adhesive material is about 5 to 30%. For the spacer particles, it is desirable
to use fine particles of powder that will constitute the powder coating to be obtained as the

final product.

25 [0027]




[ 0026] The spacer particle is a fine particle nade of silica, alum na,
zirconia, alum num hydroxide, various kinds of netal and resins, and so
~on. The size and | oad of the particles%920 should be appropriately

determ ned according to the formand size of the adhesive |layer formation
medium In a preferable case, the dianeter is about 1 to 20 mand the

vol unme percentage in_the adhesive nmaterial is about 5 t8,3096 For,. t he
spacer parti cE®amples of ghegmsteriabfos the gdhesiver lajer foamation medigm Jsivgerirghat

w |l constitute the powder coating to be obtained as the final product. 25
[0027] OYcdhamyéedsothdr alhp sivelscwipptr dndritstalley cdimemmeanddiseloy.cndettico Kingedi um
include iron, carbon steel, other alloy steels, copper and its all oy,

al um numyamdtal bad alidRyAlL@N&ioL, NED, KZis SiOhndetial kind ofldemynic, A1263hari O2,
Ti2, ZrA2, SiC and other kinds of ceramc, glass, hard glass and so on.

The si zeg,q@5,Qf k@lnafe QzRChaRHAPRIL b@er BlopbiiRs JUNRS hitRsiva)&fer ffomim@bhoN 5
nEdIUHIan be appropriately determ ned according to the shape and size of

h Kpi ' : : Les, of :
const Pt Ul oAl aRRRI Ko RRPE, Shul end 1BoREME opices,

Plural types of adhesjve |layer formatigon nedia differing in_ iz and
materi al UhayaBtlAain aRies of be owigs &l Eife niehl bl (S plhe
treatnent or surface coating on the adhesive |ayer formation nedium The
adhesi vewWorspigees «mdreéhqréapt@rédﬁw aes aldhesiee loveritoumation apdi: didppg 18 size

el lipse, cube, triangle pole, cylinder, circular cone, triangular pyramd,
r ect anguhmt mpieriahindy be hordsotogathonTtdan dosttheto ponfbehiarmabies stntipens. or Bad2reof t he
adhesive | ayer formation nedia having the above-listed shapes nmay be used

i ndependedting.on thE adhagivelayePfemhiResedinmn. e ailbeivctlogefdmntioAselom ¢dne si ze

of the adhesive layer formation nmedium a preferable range is 0.3 to a few
m 11Tt @S JaRoN 8BS sphdre,t HBpdT Ao RPRAE | Gder, circular cone, triangular
| pyramid, rectangular pyramid, rhombohedron and other indefinable shapes. Each of the
adhesive layer formation media having the above-listed shapes may be used independently,
or ﬁo or more types may be mixed together. As for the size of the adhesive layer formation
medium, a preferable range is 0.3 to a few millimeters in diameter if the medium is spherical.
15 [0028]
An example of the device available for applying a mixture for forming an adhesive
Jayer to the adhesive layer formation medium is shown in Fig. 1, in which a container C is
attached to a vibrator V. In Fig. 1, the vibrator V has a base v1 supporting a vibrating plate
v3 via coil springs v2, and the container C is mounted on the vibrating plate v3. A motor v4
20 is located under the vibrating plate v3, and a weight v6 is eccentrically connected to the
output shaft v5 of the motor v4. In this construction, when the motor v4 is energized, the
weight v6 rotates in an eccentric manner, thereby vibrating the container C mounted on the
vibrating plate v3.

[0029]

25 A mixture of the adhesive layer formation medium and the liquid material used as the




15 [0028] An exanple of the device available for applying a mxture for
formng an adhesive |layer to the adhesive layer formation nediumis shown
in Fig. 1, in which a container Cis Hitached to a vibrator V. In Fig. 1,
the vibrator V has a base vl supporting a vibrating plate v3 via coil
springs v2, and the container Cis nmounted on the vibrating plate v3. A
not or v4 20 is located under the vibrating plate v3, and a weight v6 is

eccent ri e@liesiye dpipEdt ety petheadhpive ke orpafios megEmEdothe \}wmfh ¥Sihj s

construction, when the notor v4 is energized, the weight v6 rotates in an
eccent r i osadeasribe adhelyive ebatenal bvitit & ngmgqgeobﬂdchd hedt, O aountuedolothe eileesive
vibrating plate v3. [0029] 25 A m xture of the adhesive |ayer formation

medi um afget foembtichtediomtmaitled lidisethagsial 43ehd ihadhe siaaianwitle spaaér, pagtialdsxt ur e
of the adhesive layer formation nediumand the liquid resin used as the

adhesi Vea@@eﬁﬁB'lﬁhs Phtt iRtcPehe ¥ohiaBed €E HtacRAHRAME Qitrhtor O, a8 SIEHVM 1 gigof, drlae
adhesive layer formation nediumand the liquid material as the ad’hem ve

I S OECATE 8 A e U, i R

as “shown m Xe oget
result, the s ac t.he adhesive er fo mati on nedi u even
Cover ed §eHEE HER e i iarERT aie ol TGUIh T PTG S50 FSEL 49 gt ﬁbeem
added to it, or the liquid material with the spacer particles added to it.
Thus, anlig@dempigeal sjibrthe opRet inariiclavensidadntndli ysamn adhrsiieviayqralperatsn i t s
surface is obtained. Instead of using a vibrator V having a container C as
shown i nnEdim having ahsadpese bie aoitpeirfaches obtrinad.dnitaadbobusiey awibrator V
container and stir it with a stirrer to forman adhesive |ayer on the
surface ohvihhe aMResdr\e aslsBy®h ih Qligrat,iiohs padiblimo pGBOmixture into a normal
10 container and stir it with a stirrer to form an adhesive layer on the surface of the adhesive
layer formation medium.
[0030]
¥ig. 2 schematically shows an adhesive layer formation medium having an adhesive
layer formed by one of the above-described processes in which a mixture of the adhesive
15 layer formation medium, the spacer particles and the adhesive material is put into the
container C attached to the vibrator V. The adhesive layer formation medium ml thus
produced is coated with the adhesive material m2, and a predetermined amount of the spacer
particles m3 coated with the adhesive material are adhered to the medium.
[0031]
20 _ The thickness of the adhesive layer formed on the surface of the adhesive layer
formation medium can be arbitrarily determined by appropriately regulating the amount of
the liquid material put into the container C as the adhesive material with respect to the total
surface area of the adhesive layer formation medium loaded into the container C.

[0032]

25 As shown in Fig. 3, the adhesive layer formation medium having the adhesive layer



Fig. 2 schematically shows an adhesive |ayer formation nmedi um having an
adhesive |ayer fornmed by one of the above-descri bed processes in which a
m xture of the adhesive 15 |ayer fornHtion nedium the spacer particles
and the adhesive material is put into the container C attached to the

vi brator V. The adhesive layer formation nediumm thus produced is coated
with the adhesive material n2, and a predetern ned anmount of the spacer
parti cl eforpgd epdesetibed atove Eepuddhitheiopataingt Erattathedrie thedhbmnid Mt showidn figli um
[0031] 20 The thickness of the adhesive |ayer formed on the surface of the
adhesi vel] ayavorkfiocasal ihaning&dleumnoadhdsereandierial applieyd to @tiethrovaenhtdy. Then,
appropriately regulating the anount of the liquid material put into the

cont ai netheGiigitd e isdeRBsIadec NEteli tBé c¥thiRer € TRREAg the ddh&@iveabpdr fosmktoace
area of the adhesive |ayer formation nmediumloaded into the container C

[0032]  2B4A%, SNOWHacbd vﬁihgthg?’aadshfegl@e %ﬁg?{j&i%& %M&I(%ifeé?ers”ﬁi h&&{i%%%ﬂiélm hgvi ng

t he adhesive [ayer 11 forne escri ove IS put in container C

attached_t,0 the vibrator V s in Fig. 1 _and, workpi eces W havi little
o o SadAErE Tl AhPleg ol aih ol sy grreiRls Py S alon i
vibrator Vis energizedq to vibrate the container C holding the adhesive

| ayer foFfHetorlsH WiHedE adhesvedast é@ﬁ% P bR SO1RE FEQ f%wpavﬁ}t%amﬂfm@es w.

wor kpi eces Whaving little or no 5 adhesive material applied to it. This
oper at i ol Feike sasdie thedligus | ‘Vkictioay erighb berandre rruitetdé dendesdribe gbe ection ehthehe
adhesive layer collide with or conme into friction with the workpi eces W

I n sone edissive hpe foematiod mediunorigaimbigtie Berkpirces NI Habileeer! dn dks prdsbet t he
action of the adhesive |layer formation nedi um agai nst the workpi eces W

However, dederiptiéh, Rh& S@ “coll@dsir i B tal®Nusel NS rbRf B ak AklidrS AN shduld 8k sQudIsed to
refer to an action that should be usually 10 regarded as "friction." "As a

resul{y Ofregtaﬂf?:d%g kel BbR R A st R BANGRL Xcﬁliéigﬁfﬁﬁe [fL5ed 198 FoliGe AHNRR MResive

layer formation medium ml is transferred to the workpieces W. In other words, the
workpieces W scrape the adhesive layer from the adhesive layer formation medium ml, and
the adhesive layer fhus scraped forms an adhesive layer on the surface of the workpieces W.
Thus, an adhesive layer having a pfedetermined thickness is formed on the workpieces W by
15 repetitive processes of transferring the adhesive layer from the adhesive layer formation
medium m1 to the workpieces W and then separating the adhesive layer formation medium
m]l from the workpieces W.
The same adhesive layer can be also formed on the surface of the workpieces W by
stirring the adhesive layer formation medium mi coated with the adhesive layer and the
20 workpieces W, using a stirrer.
[0033]
In each of the processes described above, it is possible to control the thickness of the
adhesive layer formed on the workpiece by regulating the thickness of the adhesive material
applied to the surface of the adhesive layer formation medium, or the amount of the adhesive

25 material held by each particle of the adhesive layer formation medium, and also regulating




| ayer formation nediumm is transferred to the workpieces W |In other

wor ds, the workpi eces Wscrape the adhesive | ayer fromthe adhesive | ayer
formation nediumm , and the adhesiveld ayer thus scraped fornms an adhesive
| ayer on the surface of the workpieces W Thus, an adhesive |ayer having a
predeterm ned thickness is forned on the workpi eces Wby 15 repetitive
processes of transferring the adhesive |ayer fromthe adhesive |ayer

f or mat i othemdstiogity 0l theoadhesiveondtpriad dernivg dnel adliveive daysaraatli thg ampentaethidsi ve

| ayer formation medium nl fromthe workpi eces W The sane adhesive | ayer
can be akmwerdpartiodel. on the surface of the workpieces Why stirring the
adhesi ve layer formation nediumm coated with the adhesive | ayer and the

20 morkpgﬁpqp W using a stirrer. [0033] In each of the processes descri bed
above, it is possible to control the thickness of the adhesive |ayer

formed on themyp Bill%c(ﬁ tﬂés( Sé]%g% E}%%cep ?%%rﬂgaxl&l niakng F‘lgedg fto :b'é' %uﬂl?i%ﬁﬁgf Yétee,

material applied to the ace esitve layer formation nedi’'um or

t he amount of the.adhesjve 25 .material, held b ac article.of the

ndestve e e g R Fakers i 1 ot odiesse fugt o shybio. rhetifin dfely of

t he adhesive material form ng the adhesjive |ayer and the anmount of the
spacer pHrtadpdre nMagaihfo fhrecniind swfacsfofithe eqeven aNrarthe gdhgsiviedaysredi um
needs to be sufficiently large, 5 irrespective of the thickness or size of
t he adheshordd bafemed,at bercotssaiy e dllow chamihtovarlayerafophsticnheedidth esated witht er i al
to the entire surface of the workpiece on which the adhesive |ayer should
be for neche ddhedise MaRESSRArGrehly @hi ewubhke adhes io¥ ¢hd Ay@pictOr MALE atmbadfumM
coated with the adhesive material to evenly beat or rub the surface of the
wor kpi ecgnis! ar ge nunber of

16 [0035]

Thus, the present invention enables an adhesive layer having a desired thickness to
be formed on the workpiece. Therefore, it is possible to regulate the thickness of the powder
coating formed on the surface of the workpiece, using a powder-coating device to be
described later.

15 [0036]

The adhesive material constituting the adhesive layer formed on the adhesive layer
formation medium does not contain any substance to be removed by an evaporation process.
Accordingly, the adhesive layer formed on the workpicce does not contain such a material,
either. Therefore, there is no need to heat the workpiece to evaporate any solvent or other

20 component. As a result, the total time required for the formation of the adhesive layer
becomes shorter than that required in the case of forming an adhesive layer on the workpiece
by a conventional method. It also contributes the conservation of energy and the prevention
of pollution. There is no possibility that the thickness of the adhesive layer formed on the
workpiece will change due to evaporation, Therefore, the thickness of the adhesive layer can

25 be easily controlled.



times. 10 [0035] Thus, the present invention enables an adhesive |ayer
havi ng a desired thickness to be fornmed on the workpi ece. Therefore, it is
possible to regul ate the thickness of l3he powder coating formed on the
surface of the workpiece, using a powder-coating device to be described

| ater. 15 [0036] The adhesive nmaterial constituting the adhesive |ayer
formed on the adhesive |ayer formation nmedi um does not contain any

subst ancE084dl be renoved by an evaporation process. Accordingly, the
adhesi ve layer forned on the workpi ece does not contain such a material,

ei t her. Therefsrepposdtei® the covandieklt wmethedt for Hermisekp edbesis &yghoPate any
sol vent or other 20 conponent. As a result, the total tinme required for the
f or mat i owoedpidchehaeth&s ny enckdyterperforn ambsatstharment. Thanfachisttes tguiseeef &n t he
case of form ng an adhesive | ayer on the workpiece by a conventional

met hod. - {erAbRRing QBN hit £81dwhQurBenGRpot&lteR (1af adhbgvama@nisl. t he prevention
of pollution. Thére is no possibility that the thickness of the adhesive

| ayer TOL@@Q on the workpiece will change due to evaporation. Therefore, -
t he tf?l C nes% of the adhesive |ayer can 25 be easily controlled. 13 [0037]
As opposed to

wor kpi ece, t hé‘:sgg?@gnﬁl\é%%ggﬂﬁ%)pg’g%%gﬁé ggehgég%({ﬂeglg% an%gﬁfo%%(}’ngmkgim r]fn? gt Zs
adhes! ve opHTE TR o1 [ObSHTC RSSHb? R RRYIEAPIHE PEUIRS o) SBe POR0E an
adhesive |l ayer formation nedium m
- adhesive material. In the following description, the adhesive layer formation medium ml, the
adhesive material m2 and the spacer particles m3 are integrally referred to as the
10 “adheSiVe/spacer medium m0.” Similar to the case described earlier, the adhesive/spacer
medium m0 is put in ihe container C attached to the vibrator V shown in Fig.3, and
workpicces W having little or no adhesive material applied to it is thrown into it. The
" container C holding the adhesive/spacer medium m0 and the workpieces W is then vibrated
With the vibrator V so as to f/ibrate the adhesive/spacer medium m0 and the workpieces W
15 and make the adhesive/spacer medium m0 collide with the workpieces W. As a result of the
collision, the adhesive material m2 and the spacer particles m3 sticking to the adhesive layer
formation medium m] are transferred to the workpieces W. In other words, the workpieces
W scrape the adhesive material m2 and the spacer particles m3 from the adhesive layer
formation medium m1, and the adhesive material m2 and the spacer particles m3 thus
20 scraped form an adhesive 1ayér. Subsequently, the adhesive layer formation medium ml is
separated from the workpieces W. Such a process is repeated to form an adhesive layer
consisting of the adhesive material m2 and the spacer particles m3 and having a
predetermined thickness.
[0039]

25 " In the collision of the adhesive/spacer medium m0 against the workpieces W, the




coated with an adhesive material n2 and having spacer particles nB8 coated
with the adhesive material. In the follow ng description, the adhesive

| ayer formation mediumm , the adhesilde material n2 and the spacer
particles nB are integrally referred to as the 10 "adhesi ve/ spacer nedi um
nD." Simlar to the case described earlier, the adhesive/spacer nedium nO
is put in the container C attached to_the vibrator, V shown in Fig.3,. and
wor kpi ecessaneh af ifiegerentlen eager preticiemadianethiadBesivg) 1a}§fi5p$rf%loeldn?4“%rl§nl hr own
into it. The container C holding the adhesive/spacer nedi um nO and the

wor kpi eceskd/thsadhesine laybr frmationmediumhel virbe ix eontagt wih % wokpieessaY @t & he
adhesi ve/ spacer nedi um nO and the wor kpi eces W15 and nmake the

adhesi ve,siae efcanBai Wnthetheolldrelthevd ishot spacanpakioleand pradéntan the safasktofof t he
collision, the adhesive material n2 and the spacer particles nB sticking to
‘the adh eﬁievaﬁlhlsﬁVéa Yayel QRSO TddRA WM. MhifbiubdsaMs fahestsh powdrl@twakpeeces

W I n other words, "the workpi eces Wscrape the adhesive material n2 and

t he spacer .particgl.e fr ' 2 fi0 ' j and
the a he?ﬁo{/@leﬁﬁ? cearzia%f1 qﬁn’ﬁ a%fr?l%h{eﬂgy%gﬂg@gé%%a#? f¥1c egnlhé t dtﬁgﬂeZgEge g*r‘l/ggg%erf orm
an adhesi ve | ayer.. Subsequently, the adhesive er formati i m is
separ at efPTHRY {rﬁgluﬁb@z it E@Bé’ %@PPQE &h Sﬁf%%ee%jlstﬁ%/ Fopkpiecst %0@8 q“%%?%mgn
adhesi ve | ayer consisting of the adhesive materi al ,r%eand the s ac%r

parti cl espaser paicleravd sffectivelyrmenenisthe Feaation eladedect it Bopoyvdersgatng t0pg
collision of the adhesive/spacer nedi um nO agai nst the workpieces W the 14
pr esence obthinktelfyaandhaivespgee formatien cledsimBnbris tappedd be shey suifappeet the
formati on nediumm nakes the adhesive |layer formation mediummn cone in
cont act \oibpiédae Wvar defice a@galdWedbrnged i6 niwd deaurltanar avdeheouting abdacaadieglwhier e
there is no spacer particle nB present on the surface of the adhesive

layer;  omnBldnARusRHokimdiim 106 f6rRRH GRShe bE RN ORNRPIRE aRat he powihe
coating is cured with heat. The resultant powder coating created from the adhesive layer will
contain the spacer particles m3. Therefore, the spacer particles m3 can be effectively utilized
as a component of the powder coating if particles of the powder constituting the powder
COatiﬁg are used as the spacer particles m3.
15 [0040]
~ ‘When an adhesive layer formation medium m1 with the spacer particles m3 adhered
to it collides with the adhesive layer formed on the workpieces W and rolls over the surface
of th;a workpicces W, it creates a recess and scratches in the adhesive layer. The depth of the
recess or scratches thus created is smaller than that observed in the case where there is no
20 spacer particle m3 adhered to the adhesive layer formation medium ml. Thus, the
smoothness of the surface of the adhesive layer formed on the workpiece W is enhanced.
[0041] |
A powder-coating method in which a powder coating is formed by applying powder
to the surface of the workpieces W coated with an adhesive layer is roughly described. The

25 device shown in Fig. 1, i.e. the vibrator V with the container C attached to it, is used hereby




5 wor kpi eces Wand the adhesive |ayer formation nediumm, so that the
adhesive layer formation nediummn is hardly trapped on the surface of the
wor kpi eces W The use of the spacer pafticles nB effectively prevents the
formati on of a defect in the powder coating to be obtained. If an adhesive
| ayer formation mediumm is trapped on the surface of the workpieces W a
defect would be formed in the resultant powder coating and, accordingly, in
10 the ceontherpovdsr-ewding dgviéd.l mto be formed on the surface of the workpiece
after the powder coating is cured with heat. The resultant powder coating
created flo@imt he adhesive layer will contain the spacer particles nB.
Therefore, the spacer particles n8 can be effectively utilized as a

conponent of thenpeywdield, sRMjiRGs vl vﬂﬁfaﬂﬁ&i}%iv@ﬁa}teheﬁ@%maescmwewf&mg the

powder coating are used as the spacer particles nB, [ 0040] When an
dhesi > . . L d
"t col 11 RTHE ¢ ROMIE LRGN ot el SRAREL REMEL R RRAAREET 1
t - f f the workpi W it. d sc hes i
Che” eGPt OB R sobuSh €25, Bl SRR AR n AL 605 "
smal | er than that observed in the case where there is no 20 spacer particle

n8 adher &&Prets theheonigipg - herply, Byming fpeWeém crEHian Be surfago! thqyworkyieses hness
of the surface of the adhesive |layer formed on the workpi ece Wis enhanced.

[0041] A Wowder -ac pawilereponinghddvicn isvdiislosed povibie nfaoatitivged slapanesee Batoyt
appl yi ng powder to the surface of the workpi eces Wcoated with an adhesive
| ayer i s Publigiiby Nes ¢105H32173,HE0 251 T&0i :md KHdowsna7i, Hi @f whicH ae.thé hetent
vibrator V with the container C attached to it, is used hereby 15 as the
powder - c @@plidaflokeith@presdd@ ddlicant.

10 [0043]

In the above-described powder-coating method, the powder is directly, or via the
powder-coating medium, applied to the workpiece having an adhesive layer formed on its
surface, and then the powder is pressed onto or into the adhesive layer by the beating action
of thé powder-coating medium. Along with this process, the adhesive material forming the

15 adhesive layer, Whiph is now covered with the powder, is extruded up to the surface of the
powder by the beating action of the powder-coating medium. The adhesive material thus
extruded also undergoes the beating action of the powder-coating medium, whereby the
powc:ler is transferred from the powder-coating medium to the workpiece. Thus, the powder
continuously applied to the workpiece. Such a powder applying process, or a powder coating

20  process, is finished when the adhesive material constituting the adhesive layer can no longer
be extruded up to the surface of the powder by the beating action of the powder-coating
medi.um onto the workpiece.

[0044]

The powder-coating medium strikes the powder applied to the adhesive layer on the

25 surface of the workpiece, thereby pressing the powder onto or into the adhesive layer to



In this nmethod, workpieces Wwi th an adhesive |ayer, fine particles of
powder for formng a powder coating, a powder-coating nediumsimlar to

t he adhesive layer formation 5 nedium!@nd other naterials are put into the
container C. Then, the vibrator Vis energized to vibrate the container C,
thereby form ng a powder coating on the surface of the workpieces W Such

a powder-.coating device is disclosed in the aforenenti oned Japanese_ Patent
Publ | cat TERNGS e pawds 49 Fbe adigrins 12505 b e ITsese POy agehghioc e ar o
the patent applications of the present applicant. 10 [0043] In the
above- de&élisiye dpygowibarovidsaeoatine meadina 9xtrtﬁgs Bewdbgsivesnaienia diohythe edhogiva t he
powder - coating nmedi um applied to the workpi ece havi ng an adhesive | ayer

f or med ofleyet belowuhé powdernnd td Hensurfaes pbicepovider pné apeits andre porvdientooththe
adhesive | ayer by the beating action of the powder-coating nedium Al ong

wi th t hi gdisiosesderidl Renagiesi #e ciBb®Rdl @hedi@f FYAY HehdylBearbashivR dbayer ,
which is now covered with the powder, is extruded up to the surface of the

powders bhﬁt@-ﬁy@ﬁ%ﬁrh&%ea&ﬁ itki%“p&ﬁfccij%h& RIGE:icE O 1HA v %eg%.‘ Igﬁlt%ﬁrggﬂé,e%&ve

~material thus” extruded al so" undergoes the beating ac

wder - . edi th i S. 1 f f t .
poncior - coti Ry REGHE eAPERE U bR BRUER bt B Riser Snd SRl
lied to, the ' . .Such | yi ), wd
Cont i ng 20155 GBS hE PORHFSHEEHRBIILE 6 VALHASH U THERGR haFaEHstd KLeng ¢ he

adhesi ve | ayer can no |longer be extruded up to the surface of the powder
by the b&atrhnepeabeicbnaeskleratingpeswieositomef thg powdationthowedpiehe wor kpi ece.
[ 0044] The powder-coating nedium strikes the powder applied to the adhesive
| ayer on[@46] 25 surface of the workpiece, thereby pressing the powder onto
or into the adhesive layer to 16
10 In many applications of the present invention, a heat treatment is performed after the
powder coating is formed on the workpiece. Heating the powder coating created on the
surface of the workpiece melts some components of the powder coating whose melting point
is lower than the heating temperature, thereby smoothing the surface of the coating film. The
molten components fill the spaces between other components of the powder whose melting
15 points are higher than the heating temperature, thus forming a fine coating film. In this
process, the curing agent cures the liquid resin, which is contained in the adhesive layer
formed on the workpiece before the formation of the powder coating, and the low melting
point components of the powder coating, which has been melted by the heat. Thus, the
heating process turns the powder coating formed on the workpiece into a smooth, strong
20 coating film. The curing agent used hereby is added ton both the adhesive material for
forming the adhesive layer and the powder for forming the powder layer, or only to the
powder.
[0046]

- A more specific example is described below.

25 [0047]



firmy fix the powder to the adhesive |layer. Also, by striking the powder
attached to the adhesive |ayer, the powder-coating nedi um extrudes the
adhesi ve material fromthe adhesive |Byer bel ow the powder up to the
surface of the powder and applies nore powler to the adhesive nmaterial
constituting the extruded adhesive |ayer, thereby creating a high-density 5
mul ti-layer structure of the powder on the surface of the workpiece.
Furthermore, By SROBY ¢S NS Whgdhay the liggidcssiac o redyse plpwmiseastip &F ithegenvsdi um
performs a kind of transferring action in which the powder present on the
powder - ¢ testn; rey repstivaireppsy tdilaersf eas eddedo te Hbe epoxkpescdy thetiebyf 30:100.

accel erating the deposition of the powder on the workpiece. [0045] 10 In
many appDicahdiamilcofad fed @k exeqiringmgent Spherical feadled madd sPadrylicSrepiarangr med
after the powder coating is forned on the workpi ece. Heating the powder

coating GrARS 8€iadRtd €5 PHERGRePEs th@é‘pa\eéifﬂéﬂi&&.ezi?@dntiébaiﬁ'H&viﬁ?ﬁﬁ%i%’f@rs of
t he powder coating whose nelting pointt is lower than the healing

t enperat j t surf .t h j } . nol t en
comporent Lt P e SR AR AR BELRGE Bl e R S M s
melting 15 ints.are higher than the heating tenperature, thus formng a
fine coa%‘?rﬁﬁg?l? PN 48,9 soPagst B%@E,ﬁ@r&gfﬁﬁﬁw%‘@lﬁh regch e SRR s o
resin, which is contained in the adhesive |ayer formed on the workpiece
bef or e t Hediidot &8t Py EGReRTECTP sldatheesaiding C Earpeitrie 1) swunisdtonibe vipeiait
conponents of the powder coating, which has been nelted by the heat. Thus,
the heatV, and greowetdner @ wes vibeatpbid den moatdsrig f6mr ae ddiesive heyenorakdpofte i nt o
a snooth, strong 20 coating film The curing agent used hereby is added to
bot h t he epskyassin evithieherdadlivef diluentf@rtht Behebive lfdhRsinkigor mydtmand atiee pewder
for formng the powder layer, or only to the powder. [0046] A nore

speci f( € sexaNPBeleS 1@ Giinb 8k dARh Ohen, the adhesive layer formation medium with the

—

adhesive layer and the spacer particles adhered to it was again put in the confainer C
mounted on the vibrator V, and twenty pieces of MQ bonded magnets having an outer
diameter of 20 mm, an inner diameter of 18 mm and a height of 7 mm were also put in the
container C, which was then vibrated for one minute. As a result, a uniform adhesive layer
15 having a thickness of 2 to 3 pm was formed. Subsequently, the MQ bonded magnets with the
adhesive layer formed on it were put into a container for forming the powder coating and
thereby vibrated. The type and size of the vibrator and the .container hereby used are the
same as used previously for forming the adhesive layer. Three kilograms of rubber-lined
spherical alumina particles having a diameter of 0.5 mm as the powder-coating medium, and
20 30 g of a powder mixture composed of epoxy powder having an average diameter of 5 pm
and mica powder having an average diameter of 5 pm by a ratio of 100:20, were put into the
contéiner, which was then vibrated for 5 minutes. Subsequently, twenty pieces of the MQ
bonded magnets with the adhesive layer formed as described above were thrown into the
container, which was then vibrated for 2 minutes. Thus a powder layer was formed on each

25 of the MQ bonded magnets, which were then taken out from the container and put into a



25 [0047] 17 An epoxy resin was used as the liquid resin. To reduce the
viscosity of the epoxy resin; a reactive epoxy diluent was added.to the
~epoxy resin by a ratio of 30:100. Didyandi ami de was used as the curing
agent. Spherical particles nmade of acrylic resin and having a dianeter of
5 mwere used as the spacer particles. Zirconia balls having a dianeter 5
of 1 mmwere used as the adhesive | ayer forgatio neﬁ% m Ten kiI:%;anB of
adhesi vefurnageito be beated fo5 7 UnpEutamat 8¢ degressfaedips. pdiet B@??OEﬁxﬂﬂﬁg Eboxy
resin with reactive diluent added to it, and 2 g of curing agent were put
in the chmmed orethe®IQdmpded mygneSnyerprmithindlie wmge Fem/ippaden. Vv, and t he
container C was vibrated for ten mnutes to forman adhesive | ayer nade of
the epopw4gesin with the reactive diluent on the adhesive |layer formation
medi um and adhere the 10 spacer particles to the same nmedium Then, the

adhesi ve | ayef, HenLpEd-@RcriRdl dtiinpictdF foieing aflhesdsie 1hyay and apdwilbelagpaicer
particles adhered to it was again put in the container C nounted on the

vibrator ¥, n%%g:;%#%;%ﬁ&éiﬁ%ﬁesarﬁr)m%?opgﬁd%geﬁ%gﬂﬁ% ial) A4 B §id the

di anet’er Inner di aneter nm and a hel ght "of” 7 mm were
also put in the, container, C which was then vibrated for. on ' As a
resul t, &P H%?‘ilr‘?sé[ﬁﬁ’gﬁr&g%d fodha F‘dklegwﬁli@ieﬁ rhatipl E]I?fjilélgls“@%m Sﬁjgagg lr[#n%gs
formed. Subsequently, the MQ bonded nagnets with the dhesive_l a f or med
on it weBethgla coating Mmdwringidisickness of & Hi%bWFH@nGS%ﬂEF%éﬁﬁg?ﬁﬁﬁﬁﬁéf&?hereby
vibrated. The type and size of the vibrator and the container hereby used
are the vedmecasn asedblpmenicousl the Abrvefdsseribed cxprapladthe dnidial anagrats ofthesse

ki | ograns of rubber-lined spherical alum na particles having a dianeter of
0.5 nm agohpeheABWIEE a8 Belldwig 20 diflepbxArdin2@itl3 Geagtiaf ditueppRdeof erirkgagent
conposed of epoxy powder having an average dianeter of 5 gm and mca

powdeyy Nayi N9, afF SUELANRHAEAMEIS! cOhpShcafd AY @nbdhdéd v HeQreessnef theput
into the contaliner, which was then vibrated for 5 m nutes. Subsequently,
twenty pifoer%'xeclﬁm? foft 1111@ eMQesive layer. Therefore, if the consumption of any component has
exceeded a predetermined amount, it is necessary to additionally supply that compdnent. Our
experiment showed that the total amount of the components added to the adhesive layer
formation medium should be controlled to be within the range of 26 + 5 g with their
15 percentages maintained at the specified values to obtain a coating film having a thickness of
15 to 25 pm in a stable manner.
[0049]
The method for forming an adhesive layer according to the present invention is
characterized in that the liquid resin (i.e. liquid thermosetting resin) mixed with the curing
20 agent contains no solvent. This eliminates the necessity of performing a heat treatment on the
workpiece coated with the liquid thermosetting resin to remove the solvent and other
comfjonents as in the conventional methods for forming an adhesive layer. Thus, the present
invention not only shortens the time required for the formation of the adhesive layer but also

contributes to the conservation of energy.

25 [0050]




bonded nmagnets with the adhesive |ayer fornmed as descri bed above were
thrown into the container, which was then vibrated for 2 mnutes. Thus a
powder |ayer was formed on each 25 of the MQ bonded magnets, which were
then taken out fromthe container and put into a 18 furnace to be heated
for 20 mnutes at 180 degrees Cel sius. The thickness of coating |ayer
formed on the M) bonded magnets were within the range from15 to 25 m
[0048] In thelThbeliaingdarel the Aeat usppicat Ir remp e splveniras plhsr FoRPesid a
powder layer, it 5 was necessary to maintain the anounts of the adhesive
mat er i al allawrethe usd offp By theamdsatting rwpadikat cpres vl woastempetraddétincsaiehe
adhesi ve layer formation nmediumw thin a specific range so that a coating
fi | m havihegiearct loff Clsedms obthe Lorih®agint aadihn bhe redn medlable, tHeeebg willadeg e t he
wor kpi ece in a stable manner. In the above-described exanple, the initial

anount s ngpgag%iceq@m@wkﬁe(\,@_ere as follows: 20 g of epoxy resin with
reactive diluent, 2 g of curing agent 10 and 4 g of spacer particles. These

conpo%en(ﬁﬁ?ie consuned with the progress of the fornmation of the adhesive
| ayer.” Theretore, if the consunption of any conponent has exceeded a

predeterm ned_.anpunt, i.t IS necessary.to additionally supply.that
Component . - ouF CsEBat ek SeE RN s T RESS Bt 4P mptinct DR Hiekr S abdtent s
added to the adhesive |layer formation nmedium should be controlled to be
wi t hin t Réosiypdereniluoty ths eyaprationiol éprratenietish At Higeeviens Wedphdlg dlvetthe
specified values to obtain a coating film having a thickness of 15 to 25 m
in a stalitrea nesimused 4s0thd gidhTiree matehiold Therefdror iiingossible dh ssnsjantly sfpan an
according to the present invention is characterized in that the liquid
resin (i aéheslviequivel hiréngosepdclfied thickneys of xed swifide oh ehec workpiec2 tagehyt
contains no solvent. This elimnates the necessity of perform ng a heat
treat IeNimPRvind8he evenness in the thickness of the adhesive layer among plural workpieces and

facilitating the regulation of the thickness of the adhesive layer.

[0052]

The presence of the spacer particles on the adhesive layer formation medium
prevents the medium from being trapped onto the workpiece.

15 [0053]

This method prevents the formation of a pool that is observed if the workpiece is
dipped in a reservoir containing a liquid resin used as the adhesive material or the liquid
resin is sprayed onto the workpiece. Thus, an adhesive layer having a uniform thickness is
formed on the workpiece.

20 [0054]

In the method described thus far, an adhesive layer having a predetermined thickness
is formed on a workpiece by repetitive processes of making an adhesive layer formation
medium collide with the workpiece to transfer an adhesive material and spacer particles from

the adhesive layer formation medium to the workpiece and then separating the adhesive layer

25  formation medium from the workpiece. The amounts of the adhesive material and the spacer




wor kpi ece coated with the liquid thernosetting resin to renove the sol vent
and other conponents as in the conventional nethods for form ng an
adhesive layer. Thus, the present inv&htion not only shortens the tine
required for the formation of the adhesive |layer but also contributes to
t he conservation of energy. 25 [0050] 19 The elim nation of the heat
treatnment for renoving the solvent and other conponents allows the use of

a | i qui dpretielesrdbalt havagbaeasiransfamge emelbe sadhessmlayembarmation enediistoj tier eases

t he degree of freedom of the curing agent and the base resin avail abl e,
t her eby wiodgnécegan he calsdleipd beforahiand frenf the ateh of Wer thiygeesetiorbof tBe Sblkpiece
Furthernore, the present invention elimnates the unevenness in the

t hi cknesgnefhidhie adlif3Bei e ithede fbifed fhdtthe aRfaROhRKhES 0P theCdiRIRCAYE Such
as the solvent used as the diluent for a resin used as the adhesive

mat eri al 4, Fhesafars wﬁh{ iécﬁoﬁoén%oﬁ%gglg,ﬁ%ifeg ggé g;a}ﬂrpyecw RN haRdBESI MBeiayer

havi ng a specified thickness on he wor kpi ece, thereby 10

i mprovd ng . eyenness i he thi.ckpess. of the. adhesive.l ayek .anon | ur al
wor ki ec &3 e BURAYE ek By N @b P BERSoR bl oBaeP v ShVE b BECS o7 BRE-R
adhesive | ayer. [0052] The presence_ of the spacer partic|es on the, adhesive
| ayer fo 'IEFnC{%%tEI‘in C=pt$%v3é‘f*ﬂu§tst RE e er Beral ﬁﬁdtti“%ﬁﬁ%‘&rdﬁftﬁ?qshe

wor kpi ece. 15 [0053] This nethod prevents the formation of a pool that is
obser ved cpisuinige tapiiepiverkpicrs dubng plesdpiosess are saleylgied, ewhihs malsgakaand i d
resin used as the adhesive material or the liquid resin is sprayed onto
t he wor kpeticks affradded tonthedivesineeC ba yler anhamisnglcalatni, hongmn dhpelsmesssimgar
apparatus, to supplement the adhesive layer formation medium with the adhesive material
10 and the spacer particles by as much amounts as transferred to the workpiece. Now, with the
adhesive layer formation medium having the same amounts of the adhesive material and the
spacer particles as in the initial condition, it is possible to put a new workpiece into the
container C and repeat the process of forming the adhesive layer having a predetermined
thickness on the surface of the workpiece.
15 [0055]
Another example of the device for forming an adhesivé layer is described with
reference to Fig. 4.
[0056]
A workpiece W held by a suction pad 1 is set in the container C holding an adhesive
20 layer formation medium coated with an adhesive material so that the workpiece W comes in
contact with the adhesive layer formation medium coated with the adhesive material. A pipe
2 leeiding to the suction pad 1 is fixed to a support member 3, and a flexible pipe 4 is
connected to the pipe 2. The flexible pipe 4 is connected to an air pump system 6 via a valve

5. When the valve 5 is opened, the Workpiece W is securely pulled by the suction pad 1.

25 Then, as described above, the motor v4 is energized to vibrate the container C mounted on




formed on the workpiece. 20 [0054] In the nmethod described thus far, an
adhesi ve | ayer having a predeterm ned thickness is forned on a workpiece
by repetitive processes of making an athesive |ayer formation nedium
collide with the workpiece to transfer an adhesive material and spacer
particles from the adhesive |ayer formation nediumto the workpiece and

t hen separat.yng the adhesive layer 25 formation nediumfromthe workpiece.
The ampoter Bteh B THRS o aRL Al fesg 10156 08 L BRI Ten AT o7 () D6 STl have
been transferred fromthe adhesive |ayer formation nediumto the workpiece
can be cAleul-dt a% alserRisehlinty horizentas” wbiate ef opdidate 4he)EMPPOECIFPBACIOP Phe

wor kpi ece  on which the adhesive layer is to be forned and the average

t hi cknes sgcasicrathéeddetionef iteyedhesivedape ohdharedrkpiece Raor seeovesthe utiwoiti ngl y,
after the workpi eces Wthat have been coated 5 with the adhesive | ayer by
the adhesi e thzyedss b nineidhesivel @it d'hehoweni mefhbd is 8pplRatlake theOpintirfarafm t he
container C, the anounts of the adhesive material and the spacer particles
consuned pRyiubk haWaE KReRE feld Wik dreh NeicR =9 WS & £ %B&Qa o otk iRk
material "and the ©particleS are added to the contal ner by the anounts
calculatgﬁm Wsing a dispenser or simlar apparatus, to supplement the
adhesi ve ayer'fornation medi um wi th the adhesive material 10 and the
spacer particles by as nuch anmounts as transferred to the workpi ece. Now,
with the adhesive |ayer formation nmedi um having the same anounts of the
adhesive material and the spacer particles as in the initial condition, it
is possible to put a new workpiece into the container C and repeat the
process of form ng the adhesive |ayer having a predeterm ned thickness on
the surface of the workpiece. 15 [0055] Another exanple of the device for
form ng an adhesive layer is described with



reference to Fig. 4. [0056] A workpiece Wheld by a suction pad 1 is set in
t he container C holding an adhesive 20 |layer formation nediumcoated with
an adhesive material so that the workpl®ce Wconmes in contact with the
adhesive layer formation nedium coated with the adhesive material. A pipe

2 leading to the suction pad 1 is fixed to a support nenber 3, and a
flexible pipe 4 is connected to the pipe 2. The flexible pipe 4 is
connected to an air punp system 6 viGLAIM3lve 5. Wien the valve 5 is
opened, the workpiece Wis securely pulled by the suction pad 1. 25 Then,
as descri bed above, the notor v4 is energized to vibrate the container C
mounted on 21 the vibrating plate v3 so as to form an adhesive | ayer on the

wor kpi ece W ag, i n ahgiefdd FoPformbiglan &dhekibe ldyed! WP @SsHablctrized Homzart al |y
vibrate or oscillate the support nmenber 3 to ‘accelerate the formation of

e eoneghgs 1% PR L e Wopal PURETE WP LY ol

t hi ckness o esive i's”applicable to the

B col 1 s sG r hsind bisel BEROLEEY ysPaleetie B REFEhASE PPl m ng

an adhesive, | ayer, which is characterjzed in that the adhesive layer is
formed oAPRlicdd? Kisisdbesivsylayaakormytign medivasisyiansiarred toftht warkpsse nedi um 5 coat ed
wi th an adhesive naterial collide with the workpiece so that the adhesive
material applied to the adhesive layer formation mediumis transferred to
t he workpi ece. 2. A nethod for form ng an adhesive |layer, which is
characterized2in tBainetnd fadfiasiive ah ajliessiviedeya waithnedhapetedaticd thdttdn an

adhesive material and a workpi ece are put
adhesive layer formation medium coated with an adhesive material and a workpiece are put
10 into a container, and an adhesive layer is formed on the workpiece by vibrating the adhesive

layer formation medium or the workpiece, or by stirring the adhesive layer formation

medium and the workpiece.

3. The method for forming an adhesive layer according to claim 1 or 2, which is
15 characterized in that the adhesive layer is formed on a surface of the workpiece having little

or no adhesive material applied to it.

4, The method for forming an adhesive layer according to one of claims 1 to 3,
which is characterized in that the thickness of the adhesive layer formed on the adhesive
20 layer formation medium is maintained within a specific range so that the adhesive layer to be

formed on the workpiece has a uniform thickness.

5. The method for forming an adhesive layer according to one of claims 1 to 4,
which is characterized in that the adhesive material contains a liquid material.

25



10 into a container, and an adhesive layer is fornmed on the workpi ece by
vi brating the adhesive |ayer formation nmedi um or the workpiece, or by
stirring the adhesive |ayer formation 23nedi um and the workpiece. . 3. The
met hod for form ng an adhesive | ayer according to claiml or 2, which is
15 characterized in that the adhesive layer is fornmed on a surface of the
wor kpi ece having little or no adhesive material applied to I%ri; . 4., The
met hod for fofm nglnmggivdsiondomuyean 2dBe ],q@ert%gcg,qﬁlglgo‘qo g s Whichds 3,
which is characterized in that the thickness of the adhesive |ayer for rred
on t he achwesiorize®d thaytbe adhssivatriagmiahesdiains 4 dqwdiresinai ned within a specific
range so that the adhesive |ayer to be fornmed on the workpiece has a

uni formthickness. 5. The method for form ng an adhesive | ayer according to
one of clainms | to 4, which is characterized in that the adhesive materi al

contains a liquid Tﬁé%{é@d fo?ffor%ﬁng an HagediR! RO ARbrdidY 19 flgine B, adhdsisve
| ayer according to claim5, which s characterized in that the adhesive

mat er i aI clga?%tte%liég u?t(l;l%{atﬁérlr]h&na miifp%mzam%h&ﬁﬁ?a gd for form ng an adhesive

| ayer accor terized in that the liquid
resin contains a curing agent. 8. The nethod for form ng an adhesive | ayer
according to one of clains 1 to 7, which is characterized in that the
adhesive material contains spacer particles, 10 9. The net h? for fo ;m ng
an adhesive | &yer dbesrdiodgor Brving ¥ adbpsiy prigyqr aegorging tguqpg Al plaims 1 to
characterized in that the adhesive material consists of a substantially
non- vol atihich is oiEtrsstéraded inlhat the pdhvediere noteatal paptaiet $peekct PaRiclss: i s characteri zed
in that a powder coating is

10 9. The method for forming an adhesive layer according to one of claims 1 to 8,
which is characterized in that the adhesive material consists of a substantially non-volatile

material.

10. A powder-coating method, which is characterized in that a powder coating is
15 formed on a surface of a workpiece by applying fine particles of powder to an adhesive layer
formed on the surface of the workpiece by one of the above-described methods for forming

an adhesive layer.

11. - The powder-coating method according to claim 10, which is characterized in

20  that the adhesive material contains spacer particles, which consist of particles of the powder.




15 formed on a surface of a workpiece by applying fine particles of powder
to an adhesive | ayer fornmed on the surface of the workpi ece by one of the
above-descri bed nethods for formng atadhesive |layer. 11. The
powder - coati ng nmet hod according to claim 10, which is characterized in 20
that the adhesive material contains spacer particles, which consist of
particles of the powder. ABSTRACT In a nethod for form ng an adhesive

| ayer on the surface of a workpi ecésbefbpeTthe formation of a coating film
contai ning a powder on the workpi ece, the present invention provides a

met hod for form ng the adhesive |ayer having a desired thickness. This
object is achieved by the follow ng nethod: An adhesive |ayer formation

nmedi um m  coatied nwithdd P foradiesi ¥éheRiRt edyleabn it sBEe: 02 Gotipide baldkdtha
wor kpi ece Wso that the adhesive material is transferred fromthe adhesive

layer f ordmRLiion ofMBdicdihdrhiih QohfgidPh KRWRIEE o RN G o fIQNdEE, @B pradhesh¥fichayer

on the workpi ece. An adhesive | ayet having a desired thickness can be

formed oLk ISHEBLERS B hERY AhEOR LS ORI IeRT Tl cH R i

mat er ial e sur esl ayer formation difum
(i.e. the anmount of Pe.adhe ive materjal held by a single adhesiye |ayer
For mat i oRe B e RS Rl AR 0l EE Srprieh@eisaB] CUst PHY Mas t he
final product to be controlled as desired. ) o
adhesive material is made to collide with a workpiece W so that the adhesive material is
transferred from the adhesive layer formation medium m1 to the workpiece W and forms an
adhesive layer on the workpiece. An adhesive layer having a desired thickness can be formed
10 on the workpiece by regulating the thickness of the adhesive material applied to the surface
of the adhesive layer formation medium (i.e. the amount of the adhesive material held by a

single adhesive layer formation medium). This enables the thickness of the powder coating

as the final product to be controlled as desired.



