WO 2005/065843 High frequency spraying device This invention relates
generally to a high frequency spraying device suitable for atomising a
coating fluid, which device is equipped with a drying device for drying
and/or cross-linking the coating fl .d applied to the body to be coated by
means of the high frequency spraying device, wherein the device also
has a substrate support which is suitable for retaining the body to be
coated firmly in a position suitable for coating during the coating process.
In particular, this invention relates to such a 'nigh frequency atomising

| i oes not atomise .,he coating fluid by means of a pressure
ﬁ%@%ﬁggﬁ but which atomises the coating fluid without force and
without a;r induction by means of a resonance body that can be excited to
produce high frequency vibrations, forming a spray mist. According to the

invention such devices gre alsgqingluded -which-a moyvement of the

substrate and/or the atomising device takes place for the coating process.

The high frequency vibrations produced by the excitation of the ,
1}%%&5&8@88% y ?né?? %oarte%(san‘%-ri%i? be'genkratéd gt frequency spraying
EFdtrSmeehanRar coinerter By means of pierotermniiteléments avhichvice is
dravepbeen excited:10 produce electrical vibrations: Jhesedneehanicals-1: nking
wilrations predyged By Qﬁﬁ@ﬂ%gf the pllneezcgg@ymlgoel%rgeggsarﬂeag.tkz}einin%ans of
vylréenh%mglifi ]gié bg efgg to tsher resonan g&oo_ly with these mechanical hig .
froquency vibrations 8 coating HurPfilmappiied coffimiouslytdthsevice also
REorfancd By dah he @Rated ok cdpillapywavesso fhat fissaining the
ropletsoorbthe siberatian cavities farming osother capillary wave arerout offat ing

as-adgsult o whieh ap, gtorpisationsor spray @ﬁﬁ%ﬁ@, 2t W9  invention
rZeQLOan!g@Sa:A'og such a high frequency atomising device which does
not atomise the coating fluid by means of a pressure loaded
nozzle but which atomises the coating fluid without force and
without air induction by means of a resocnance body that can be
excited to produce high frequency vibrations, forming a spray
mist. According to the invention such devices are also
included in which a movement of the substrate and/or the

atomising device takes place for the coating process.

The high frequency vibrations produced by the excitation of
the resonance body may, for example, be generated in an
electromechanical converter by means of piezoceramic elements
which have been excited to produce electrical vibrations.
These mechanical vibrations produced by means of the
piezoceramic elements may then, when amplified, be fed to the
resonance body. With these mechanical high frequency
vibrations a coating fluid film applied continuously to the
resonance body can be excited to form capillary waves so that
fine droplets on the vibration cavities forming on the
capillary wave are cut off, as a result of which an

atomisation or spray mist is formed.



possible app_ications for such a pressure-less high frequency atomising
device may be found, for example, in the fields of air or product
moistening, m_croelectrrncs, medical engineering, etc. Further, such
pressure-less high frecuency atomising devices may prove very suitable
for the cassnc or degassing of ~_luids. Similarly, the high frequency
atomising devices mentioned may be suitable for the use as separating
means and/or for the delivery of fluids in filling and mixing Processes.
However, particular importance is attached to these high frequency
atomising devices in the field off medical engineering, for example for

%g%%g@@ical implants, for exéaﬁole bone and joint screws, heart
me prostheses and filigree substrates, particularly vascular supports,

SGER HR SteARPfor fRstARRE, thidly AHE homopenesuslywitsa coating frequency
floiehn Fotinstace, closedycdat thicknesses of appraxe 1d)m ite apREOXEields of
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arg required, for examiple,-to pratets theycorohary hadery of accardiac atomising
irfatction patert; widenedy meansafa hallogn dilation, ngnaarken@éparating
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ermanently from renewed occlusion, such stents, which assume; for

g§8?nep7§,etﬁé shape of a hollow cylindrical wire netting in -he nature of a

lattice gate, comparable to a hair curler, are fitted into the coronary

vesselpthus preventingarenewgsheeclusion of the vessel ogallowing-atse  nigh
ﬁ%ﬁid@ﬁ@@por@fﬁﬁ9§§9§§nem§&!&@§ny cases, ;3 WQ 2005 /06%%43 medical
engineering, for example for coating mechanical implants, for
example bone and joint screws, heart valve prostheses and
filigree substrates, particularly wvascular supports, such as
stents for instance, thinly and homogeneously with a coating
fluid. For instance, closed coat thicknesses of approx. 1 nm
to approx. 1 mm, 1if necessary even more, can be achieved with
the device according to the invention. Preferred coat
thicknesses range from 1 nm to 100 um, and in particular
preference from 1 nm to 10 pm, e.g. 1 nm to 1 um or 10 nm to 1

pm, and in particular preference from 1 nm to 10 nm.

Such stents are required, for example, to protect the coronary
artery of a cardiac infarction patent, widened by means of a
balloon dilation, permanently from renewed occlusion. In order
to protect the coronary artery permanently from renewed
occlusion, such stents, which assume, for example, the shape
of 'a hollow cylindrical wire netting in the nature of a
lattice gate, comparable to a hair curler, are fitted into the
coronary vessel, thus preventing renewed occlusion of the
vessel or allowing at least its temporary postponement in many

cases.



To ensure that these stents, like ocher medical implants or other bodies
to be coated, which are referred to collectively in the following as
substrates, are not rejected by the human organism, it is necessary to
provide these substrates with a suitable coating which is not rejected by
the :human or animal body. To coat these substrates, which are often
very fine and filigree _n nature, the high frequency atomising device
previously mentioned may be used in preference, for example. An
atomising device which is suitable for atomising coating fluid, without
force or air induction, is disclosed, for example, in US patent no.
%@goggﬁggﬁultrasonic atomiser d%clo;ed in this patent consists
essentially of two tubes connected to eacio other by means of a flanged
conrfgetiBiin Hie fongitadmabdiredtion, Whireirraldrive eéementlis implants or

mseetedibetween the two adjacent flamgesofhath tubes,iBOrder 101 1ectively
excitenthe lomisingnitio generate vibratiops '%o@e#éﬁ%%%”'%r?ong%ﬁe human
fq,agd hose is connected to the back of the ultrasonic atomiser for feeding™

the atomising device withh coating f ub . TP the'frort'sfifie atdiisen &l the’ ttn A
e 61t the TRont i rétiucadl ih StshamERT 16 erably a firthersolid tobeanimal

sedfion With asrhaltérediametérstodee: formedn This furtherdube segtjgn fine and
wideng-idts eressraection, in the dirggtion ofithe frantof the atomising .5 .o

' i ircular trajectory, and terminates in a flat
gtgogrlrffgs%}rﬁtgig\fl’qﬁ%kﬁg% gt%%r{n ggl\‘/ti%%n%stﬁé inher é:é%r:/%i?yrgflﬁ%’frgn%uﬁﬁmgfle :

the atomising device are connected by a plurality of thin rectilinear
Capikdryniabesin oreer te load thée atdmisen tipawith afcaating reansithatoating
iSLexeited toi generate highfreguency vibrations.Hdowever, these fieoseq,  £or
wbesterminate pbtysely apd w&thf’%,aé%‘f%%‘.“Qﬁe"r%@eé?;?‘éﬁ?é'atatomiser
t'E of _the tomising evice. Nevertheless, the continuous ransition
(ée eSS The tibes Ahd RSt reSMstinan ifegeMdri % 1y of two tubes

connected to each other by means of a flanged connection in
the longitudinal direction, wherein a drive element is
inserted between the two adjacent flanges of both tubes, in
order to excite the atomising unit to generate vibrations in
the ultrasonic range. A feed hose is connected to the back of
the ultrasonic atomiser for feeding the atomising device with
coating fluid. On the front of the atomiser all the tubes on
the front is reduced in its diameter to enable a further solid
tube section with a smaller diameter to be formed. This
further tube section widens in its cross—section, 1in the
direction of the front of the atomising device, viewed along a

circular trajectory, and terminates in a flat atomiser tip.

The flat atomiser tip and the inner cavity of the front tubes
of the atomising device are connected by a plurality of thin
rectilinear capillary tubes in order to load the atomiser tip
with a coating means that is excited to generate high
frequency vibrations. However, these fine tubes terminate
obtusely and without any continuous process in the flat tip of
the atomising device. Nevertheless, the continuous transition

between the tubes and the flat tip results in an irregular



WO 2005/065843 spray pattern during the operation of this atomisi_ng
device, and in particular in an irregular droplet size in the spray mist
produced. In part-_cular, drops of larger diameter are also form.eq. as a
result of this discontinuous transition, which drops accumulate |n|t|aI_Iy on
the tip of the atomising device and become detached from the atomiser
tip due to the action of the force of gravity when they reac_h a certain size.
This is one reason, among others, why the atomi.sing device disclosed in
US 4,655,393 should only be used in vertical alignment with an upward
pointing spray tip or in horizontal alignment. However, vyhere the_
8555%%%)59&(:0&% Js to be arraﬁééd u_nderneath_ this atomising
evice, or even in the case of very thin, uniform coatings, it is frequen_tly
e Calsethat 9aryet @répsbeédomerdetached front therspray tipraheti drip device,
entd the substrate,lthereby r@mde[iﬁgejt;usglgssﬁgfggglaersgggllpgitgqq.he spray
(ot that e acbettaies are normah coated Ttall i Sfiet Sage i o ==
ha ubstrates are norma ( , ] T
%igcéh trtlfe%)% %reeére%?nea by & Sfilr{s%su Stratd holder-§5 tidt 'ty san pgansition,

EGated by RANS of Weprayenc-Bévicel However: tite sulistrata- rhestatomising
thentaernldy ‘ecremovéd-romethis firstisubistrateroldes se that it cande o tne
msetted in@ dring eves forsdrying,and/oy hardening, f?éawrgplge@y?gin size.

[s remaval.fram strate holder proves problematic because when ‘
:ﬂg é lr:)%%r tlé% relgr%g\%dR fronﬁntlﬁggﬁrgtpéueo%%fatewﬁl&de%ﬁe fréSHiysing device

applied, 16t yét'set toatimtrfiint éan edsilyltse dedagelicaswrssuliof vertical
Which e substrateanould atsosbeorendered uspsable farfudberin horizontal
applicatior: A fustherqrobler:eacounterad when coating substrates witha
bigh reaueneyalommising Og.ce sugh asthat disclosed n 4, 4599398,
I;Otl’ e\%gpyplghgg?SIL?%?ilgc}?g f%%tatg!i_ar%s? SEtayis frequently the case that
larger drops become detached from the spray tip and drip onto

the substrate, thereby rendering it useless for further
application.

Another problem associated with the coating of substrates
consists in the fact that such substrates are normally coated
initially in a first stage in which they are retained by a
first substrate holder so that they can be coated by means of
a spraying device. However, the substrate must then normally
be removed from this first substrate older so that it can be
inserted in a drying oven for drying and/or hardening, for
example. But this removal from the substrate holder proves
problematic because when the substrate is removed from the
first substrate holder the freshly applied, not vyet set
coating film can easily be damaged, as a result of which the

substrate would also be rendered unusable for further
application.

A further problem encountered when coating substrates with a
high frequency atomising device such as that disclosed in US

4,655,393, for example, consists in the fact that the spray



-5- WO 2005/065343 mist produced by such an atomising device can only
be modulated by the coating fluid supplied per unit of time of the
atomising device and by the excitation frequency. However, itis npt .
possible to influence the spraying characteristic further, e.g. for yvl_den_lng
or narrowing the spray jet or for accelerating the spray mist by giving it a
certain direction. In the Light of the problems described above, which may
be encountered when coating a substrate with a high frequency
atomising device, for example, the object of this _nventi.on therefore to'
make available an improved high frequenc_,r atomising device for coating
| 'g)r gog%tgrﬂes, which device does not suffer from thg disadvantage of
IWe %rmatlon Of drops, so that it can also be operated with a downwardly
ditéCtedYESBRSREe bBYy. Flrtherniore, aforeirentionedeproblemeausethly be
when.thessubstrates arecremaved fromithe ssigbstrate holder, in OFdeS 40 tine o
l@@@bﬁ&ai@@{uh@gﬁﬂb@ @N@%@V%éor&%g%g@gbtprF%@@\%g%\%\”" However,
also be solved pv(x)/isth £h|§ mvicr)\tloln. oreover, g kggh frequency ato |S|ngeristiC
device will be supplied which enables e Eprgfhet ﬁ%@%ﬁﬂﬁenﬁ@ﬁ%
Ry By SettiigThe EOAtING AR AV Rife ARETfHelamiser fregency diutor  for
alseceiralsies the speaysjet 4o bei acceleratediakthetspray €eneta be rection.
widened or reduced. According to a first aspect of this invention, th(;seh

jects. are.aghieved a roblems solved for the first time with a_hi
?}gjgtjce%ecy g%ﬁrr{:iﬂsinggdeg%eg fcg)rré.tkc))fnleirsni?ﬂ Cgecsc?a]ﬁfh%eﬁujda %%‘c’i%oaﬁﬁé%l may be
SUSSIFAE RN ‘H%grén GEGHhiSHTy Uit SWHER £aR SbeBxcite fo prddlicef requency
RiefTfrEden i Vibeations? whictrunitcatomises thieecaating fluidfed toettion is
tonforaraspray mistramd whieh is also-equipped; witi-a-posit_onakhle frequency

substrate;golder wlch fetains, e, sulaiale Jo be £9aled I3 POSIION. Asc i ce
ggre:gler];%rtcogg_f%eler%&d?rtg% SQ:IE%/ mcisitsgg)vgggggg thoef the formation of
drops, so that it can also be operated with a downwardly
directed . rescnance body. Furthermore, the aforementioned
problem caused when the substrates are removed from the
substrate holder, in order to be able to insert them in a
drying oven for hardening, for example, will also be solved
with this invention. Moreover, a high frequency atomising
device will be supplied which enables the sSpray Jet to be
influenced not only by setting the coating fluid flow rate and
the atomiser frequency, but also enables the spray jet to be

accelerated or the spray cone to be widened or reduced.

According to a first aspect of this invention, these objects
are achieved and problems solved for the first time with 4
high frequency atomising device for atomising a coating fluid
and coating a substrate which has an atomising unit which can
be excite to produce high frequency vibrations, which unit
atomises the coating fluid fed to it to form a spray mist, and
which 1is also equipped with a positionable substrate holder
which retains the substrate to be coated in a position
favourable for coating inside the spray mist produced by the

high frequency atomising device throughout the atomising and



high frequency atomising device throughout the atomising and -6- WO
2005/065843 coating process, thus enabling the substrate be wetted

uniformly with the spray mist produced and _n r, homogeneous coats to

be applied. According to an alternative embodiment the entire atomising

unit can also be moved along a substrate, or a movably arranged

substrate can be provided with a movably arranged atomising unit. In

order to counteract the problem already described, which occurs when

the freshly coated substrates are removed, the high frequency atomising

device also has a heat source which is suitable for drying the spray mist

GAs the substrate withodtérﬁ:lving to remove the substrate from

the substrate holder. This therefore affords the advantage, which can be
acAievRY with thidSAventiBH Stharthe fieshly ebated Wulbstrate need notbevetted
rembved frony thensubistratephelderqfos dryingsi thereby: abviating the-iskoob neous
damaging the frgsply: €oating substrate or the freshly applied coating _

A 1m. As already explained, the atomising unit incorporates an ultrasonic
atomiser which is suitable for atomising a coating fluid fed to the o
ATOMTSIHG Bnit Ao fire SHrayamist STo> BRSWUGE e hidiffredtieey atomising
ulttdsoriié wavess tre Bitrasopiie tomlisercprovided; forexample oxith@a movably

piezocgsamie elernent svhichcopyertsielestiicaveqyes tomegchanical arranged
WaVes, y\ﬁpergmi@‘ coating fluid fed without _pressure to the ultrasonic

atomiser forms capillary waves from whose vibration cavities very fine

oplets are detached. In order to teed the coating as uniformly and
eontiiibRisly &3 pessible to tHe dtbmiser tip bfnthe atomisingdemityfromt, which
whiclr thedoating:+luid Exeited,-0 genesate vibsations isss rayed daWByed, the
m%@tcﬁ}é@ge%&isaI@Wi@%%a 4 asesanancehody wrlich w g%ﬂ%ce which
Hgog%a§g%Q%Cﬁfor drying the spray mist coat formed on the
substrate without having to remove the substrate from the
substrate holder. This therefore affords the advantage, which
can be achieved with this invention, that the freshly coated
substrate need not be removed from the substrate holder for
drying, thereby obviating the risk of damaging the freshly

coating substrate or the freshly applied coating film.

As already explained, the atomising unit incorporates an
ultrasonic atomiser which is suitable for atomising a coating
fluid fed to the atomising unit into a fine spray mist. To
produce the high frequency ultrasonic waves, the ultrasonic
atomiser 1s provided, for example, with a piezoceramic element
which converts electric weaves to mechanical waves, whereby a
coating fluid fed without pressure to the ultrasonic atomiser
forms capillary waves from whose vibration cavities very fine
droplets are detached. In order to feed the coating fluid as
uniformly and continuously as possible to the atomiser tip of
the atomising unit, from which the coating fluid excited to
generate wvibrations is sprayed down, the atomising unit is
provided with a resonance body which widens into the shape of

& trumpet. This capillary type resonance body widening into



a trumpet. 'hi_t,, capillary type esonance body widening_into _7_ WO _
2005/065843 the shape of a trumpet vibrates together with the ultrasonic
atom-~ser in the excitecl frequency, so that the coating Fluid fed to the
resonance body also vibrates in the excited frequency on the surf_ace of
the resonance body and forms the capillary waves a_readV mentioned. In
order to supply the resonance body that widens into the snape of a
trumpet uniformly and continuously with coating fluid, the resonance body
widening into the shape of a trumpet is connected to a capillary tgbe by
which the inner face of the resonance body -'s supplied with coating fluid.
TaensyRsthasthere are no disconzinuit es from the escape of the
%ating fluid from the capillary tube and during the transition to_the inner |
%age 5f e reSonahce DI the” LapriaAFtubeds Micotporatad inte nozzieasonic
af-thielresbnarice thedyewidéring ntedhe shape sba trumpetiso thattheng f1uig
érd of tithe capélIaryéubamesgg@ythegfgggn;%% pQ%¥§N|ttr1§gtit Ji%qéos excited
K-Stepsn th ating fluid escapes from the capi
gfrefl rexd\{l,t;ter%utgé? %n%ﬁ%?r%r%r fgfe %%%erﬁess%rﬁaarﬁg% %%gdi}/]&in &fin forms  the
ﬁlﬁ?,lwoﬁ%ﬁ%nﬁ]ealy fate witlehsY cBRBENIRERY into the shape of a trumpet.

According to a preferred embodiment the resonance body t:":at WiQens
the shapewof adrumpet mayche designed ibthe pshapeQfa tonwhich 1to the
widens, for example, yiewed, G055, geciian, to.perform a tractrix

- ' ion or & clotoid function, to mention bufa ©°2t<n9
funetion, an exponential_function or a clof ,

ew. To iNcrease the atomising arba sriha fesorance Bod @ furmiel-2 trumpet
gﬁaﬁéﬁ@&ﬁwfo?%xémBPé?jc]a%ﬁﬁé’cdnﬁ@%té@iytoWhe?Mr.rtbé thenner face of
Fésonaneebodydescryed aboveniitiisaisopaessible fe swidenthe hormOf onsyre
thextesanance bady to.syich:an extent that. the radius of %Hg/até%ec%fptg € of the
BQEQi%garaﬁﬂyvcﬁthti%%om the capillary tube and during the
transition to the inner face of the resonance body, the
capillary tube is incorporated in a nozzle of the resonance
body widening into the shape of a trumpet so that the end of
the capillary tube passes into the resonance body without
jumps or steps. When the coating fluid escapes from the
capillary tube it is therefore distributed on the inner face
of the resonance body in a thin film, which inner face widens

concentrically into the shape of a Trumpet.

According to a preferred embodiment the resonance body that
widens into the shape of a trumpet may be designed in the
shape of a horn which widens, for exanmple, viewed in cross-
section, to perform a tractrix function, an exponential
function or a clotoid function, to mention but a few. To
increase the atomising area of the resonance body, a funnel-
shaped section, for example, can be connected to the horn of
the resonance body described above. It is also possible to
widen the horn of the resonance body to such an extent that
the radius of curvature of the horn is parallel with the
capillary tube incorporated in the resonance body. In this

case the horn could be continued outwards at its outer opening



capillary tube incorporated in the resonance body. In this case the horn

Could ,be conti-n'_.ed outwa".L. at its outer oren.":-na WO 20051065843

in a peforated disc whose single hole then coincides with the horn

opening. One advantage that can be achieved by such an enlargement of

the resonance body may consist in the fact that the entire quantity of

coating fluid fed to the resonance body ,,,is the capillary tube is atomised.

Due to the enlargement of the resonance :body it can therefore be

ensured that no non- atomised residues of the coating fluid accumulate on

the resonance body that would otherwise drop down without being

atomised onto one edge of the resondhce body due to gravity.

B{PREYMEPES48 avoid the detachment of large coat-na fluid drips on the
fesonanee body; o differences instheicagdtthicknessrafthe soating lelidy 1 th rhe
fil-formed-an the ipper f%@aQ&%ehO{ﬂ’at@eégﬁonggcedgﬁgg\\/\QHC%?Ssuch an
g@}{ﬁq é%\éi%slg passes into %glcr%ulgr erf%gatecédlsc, is ideally loaded ¢ that
wit cgat!ng luid by means of a controlia e,pﬁ’lsat?élrf-fr%%_ bropotfioriAg

plifnp: AlthbugRYstopottioritg Gaattss 6o td 160 Fl/mike andsonance body
pieferably 0&millminy, prove advantageosisd forithe use of the highargement of
frequencycatomising sieyice mentioned previously p cenoection with the, , o, -
medigalanainegtng dield,o fne bigh frequency, atomising device.can el o,
course be op%rated with o-he proportioning quantities where voiumetric

fISRRBFGS to°56' L pelhour'SihBe AAHBYHEA IithGGLAIFIEGI: of Wihers: being
siyrllef 8luméRiciovs 88 theodrdet of depbiming fobekamiple, candeavity.
achieved. To obtain the best possible spray pattern without: detachment

of.undesirable draps, the.individyal dimensions. f_t@%deivi%e%e"’_‘c%%@ﬂ%o fluid
the invention are matched to each other, also taking into consideration

fﬂreleglurﬁé]trictf?oew of the 'Coatifg Meahs ard its Vi SEOSRF For the usust  coat
Spplicdtiohs iR the: ltfediealt.ad it has hormally proveddappropriate toiner face

sélectthehorn, the resonance body which, as stated previously,
passes into a circular perforated disc, is ideally loaded with
coating fluid by means of a controllable, pulsation~free
proportioning pump. Although proportioning quantities of 0.1
to 100 ml/min, and preferably 0.5 ml/min., prove advantageous
for the use of the high frequency atomising device mentioned
previously 1in connection with the medical engineering field,
the high frequency atomising device can of course be operated
with other proportioning quantities where volumetric flows of
up to 50 1 per hour can be achieved without difficulty, or
where smaller volumetric flows of the order of 1 ul/min., for

example, can be achieved.

To obtain the best possible spray pattern without detachment
of undesirable drops, the individual dimensions of the device
according to the invention are matched to each other, also
taking intoc consideration the volumetric flow of the coating
means and its wviscosity. For the usual applications in the
medical field it has normally proved appropriate to select the
inside diameter of the capillary tube ranging from 0.01 to 15

mm. For the conventional coating fluids suitable for coating



inside diameter of the capillary Cube ranging from ,,.01to _5 ~.m. For_
-he ¢ conventional coating fluids suitable for coating -g- WO 2005/065843
medical substrates the diameter of the capillary tube should preferably be
chosen within the range of 0.3. mm to 0.5 mm, but preferably
approximately 0.4 mm. The .meter of the expanding resonance body
must be matched correspondingly, and here diameters of between 3 and
30 mm have proved suitable as the diameter of the perforated disc
previous-._y described. In the field of medical engineering, however,
diameters for the perforated disc ranging between 3 and 30 mm, and

referably of the order of 8 mom, have-proved advantageous. To set the
&WB&%@?ﬁﬁf the high frequency atomising device according to the
imvention, thecspraymist produced.eancibe srodulated-with argontrollable should
B plosion. Aroteation ol (e Coutec The 2 o 1t 0o ot Tor_miduling

osiaon. protection of the device. The ajr \
ﬁiﬁé@ spéaryer%ﬁéir? is produced by enclésing the %tire%?@miﬁh@%‘?ﬁr of the
HERS0diNG The TRPASAIiE atotrigermwith Aozl that isopersoaohiegly, and
Sitles whiclnbibesingdfasca toermection far & controllablesingrtgasisypplyable as
and ohvigusty a @mnez?@orbkf?fﬂ&geeﬁphgjﬂ%t sa-thatdhe if%gk%%%ﬁe:;bed. n
lied.to the insj e housing via.the inert gas connec

Eg%pifgeis? %bl%fto%{é%%égggﬁfoc%%géa%ﬁ the grha‘r%r?é%egfe A et at SRS EpERING°T the
Bf e hoiSing " a8% retit StowhicH R ineregas et réfuiretnfororeferably of
s laGeg the sprayn patters i gernerated By arraaging.the resonance
body of the ultrasonic _ccmiser either immediately in one opening of the
bousing.or 4 (e <BRAIPXIMALS BISR Oxd e NQUSINGAPeNIND, NG, 20T, omising
BS§§QéOgégggﬁgggeggeggéa%ﬂ@@ﬁ%%ggwcgﬁfns§§g§)mfzg pgggszed can

be modulated with a controllable air or inert gas Jjet, the

r

inert gas Jet at the same time providing the explosion
protection of the device. The air or inert gas Jjet for
modulating the spray pattern is produced by enclosing the
entire atomising unit, including the ultrasonic atomiser, with
a housing that is open on one side, which housing has a
connection for a controllable inert gas supply, and obviously
a connection for the coating fluid, so that the inert gas
supplied to the inside of the housing wvia the inert gas
connection of the housing is able to escape focussed in the
manner of a jet at one opening of the housing, as a result of
which the inert gas Jet required for modulating the spray
pattern is generated

By arranging the resonance body of the ultrasonic atomiser
either immediately in one opening of the housing or in the
approximate area of the housing opening, the spray pattern of
the high frequency atomising device can be modulated by the
inert gas jet produced. The natural volumetric flow of the
spray mist can, for example, be accelerated by controlling the
inert gas supply. Furthermore, the spray jet can be directed

and stabilised by the inert gas jet produced, also enabling



inert gas jet produced. The natural volumetric flow of the spray mist. can,

for example, be accelerated by controlling the Inert. as suapply.

Furthermore, the spray jet can be directed anc s-.abilised by the inert qas

jet produced, also enabling -10- WO 2M/065843 the widening of the spray

cone to be adjusted. Because of the inert gas support, the spray cone of

the atomised coating material can be varied from O to 1800, preference

being given to spray jet cones with an angle of approximately 30 for_

smeller components, for example the substrates to be found in the field of
medical engineering. In order to be able to_nfluence the spray jet

characteristic more effectively one oflthe openings of the housing may be
Wﬁ%@(@éﬁﬁ‘*&n inert gas nozzle through which the inert gas supplied via
tHeeineitcgas: feedodscapes asta garrieranediume forspray jet comeiianiag of the
ohthe: spray mistipkhis fipzzie mayy, fak,exanyle, be d%%gnegt%ﬁﬁge,d coating

ding funnel,whi nds._outwards ar_reduces from the housing ,
%élg%%ﬁ?%ngagﬁ n u%,agr ggpgg?fo%ﬁ%mhﬁ%eqﬁg rt'gas )f&%) WO thE Tnside 0f 9iven

e haUsing is“dble™foescapie, 8 fotned beteenithe Ritiifet dpricely  30°  for
FaSoneticeC BBy by the resorarcesbody ofttive Ultrasanieatemiser be found in
aranfedl in this expandingeergragising, funnel. The width of this gnnular
gap may, for example, be varied by moving th_e resonance body in th_e f

ngitudinal direction of the funnel, or by varying the angle of expansion of
the ﬁfﬁ%%f e%%b in ﬁ%el Spray jle?%‘é?é’éf@riéyﬂbetoSiférﬁﬁfthé??nfﬁjlé_%éﬂ?PriflStlc
BBnfrast to Pressifised eprayHozEies opprvr adsthe fcharacteristiciofdthenay be
Bpray et generdted can thereforesben dnfiuenced:in several differeatways.r« qgas
Fepexample; the spray et m;aygtées variedinot Q@J:\Gyp by _ttgesvaglaté 3. E_netrhemedi um

metric_flow.of the coating fluid, but Isog adjusting the working.
i:‘;{rge%:uE?r%)%éf the aﬁ:%li(glln%lﬁﬁff%thoe%lar}é%oﬁ TApg8tSt- This nozzle may,
for example, be deslIgned as an expanding funnel which expands

cutwards or reduces from the housing opening. An annular gap,
through which the inert gas fed to the inside of the housing
is able to escape, is formed between the funnel and resonance
body by the resonance body of the ultrasonic atomiser arranged
in this expanding or reducing funnel. The width of this
annular gap may, for example, be varied by moving the
resonance body in the longitudinal direction of the funnel, or
by varying the angle of expansion of the funnel, enabling the

spray jet characteristic to be further influenced.

In contrast to pressurised spray nozzles of prior art, the
Characteristic of the spray jet generated can therefore be
influenced in several different ways. For example, the spray
jet may be varied not only by the variations in the volumetric
flow of the coating fluid, but also by adjusting the working.
frequency of the atomising wunit in the ultrasonic range
between 20 kHz to 3 MHz, preferably 20 to 200 kHz. A further
possibility of wvarying the spray Jet characteristic also
consists in varying the energy supply to the atomising unit,
which normally ranges from approximately 0.01 to 100 W. A

fourth possibility of varying the spray jet consists, as



tween 20 kHz to 3 E, , pre ferab ,v 20 to 20™ ;,Hz. A further possibility of
varying theft spray jet characteristic also consists in varying the energy
supply to the atomising unit, ws.ch normally ranges from approximately
0.01 to 100 W. A fourth possibility of va a~n,g the spray e. con.sts, as
WO 2005/065843 already described, in influence the spray jet by a:
Justing the inert gas supply to the housing in which the atomising _un_it IS
installed. A further possibility of influencing the spray jet characteristic
consists, as already discussed, in influencing the spray jet by varying the
annular gap formed between the resonance body anal the funnel

éﬂ'n ' éfhe connection to oneoflthe housing openings._Here there
g\@%{? é/ g%gs%s Bilities that are already known from paint spraying
techitsldgy esy: wilation, selection of rsotvenits, removal of theopozzle fromng the

the substrate; additives o fameptimising the; spray pattern Thergis alsea nir 1s

possibility. of carrying out extensive ¢oatings, in vyfaigbuaegf'cuifg“tytf Spray jet
nog%gecs can be arragggd next to each other. In cascade fashion. Here the

extensive substrate canbe "Guidéd past'tié Toz2168 byfedns bfa tnfluencing
EBRVEIFIEIL I6IE theY nGZ2218s Ran beeguidethabovedthe standing between the
sebstrate:dt may alserbe preterabletolprevigde the highifrequencyonnection to

@Iﬁmngmv}g@u\gm@n@pqnm%g devices, or to provide such devices on
it, which generally allow adjustment of the temperature of the inert_- gas

and/or of the coating fluid and/or of the coating chamber, fgr exampl}e a
COntrollé§ oF UHcoNfofs 88vitETor témperirg the indfisedmapfthenown £rom
pplicationsysiamgin whichhtasedlye following principtesoaf, QCtEK]l@'I@yion of
belapplied: heahexehanger precess i the apparatys Oneoolingor . yq:cives,
f@@ti@@t@ﬁﬂqﬁﬁo@ﬁ @og&ga ghgg@%@g}ng gas or the coating solutions,

or any combination thereof. This means that it may be advantageous, in a

coating process
There is also a possibility of carrying out extensive coatings

in which a plurality of nozzles can be arranged next to each
other in cascade fashion. Here the extensive substrate can be
guided past the nozzles by means of a conveyor belt, or the

nozzles can be guided above the standing substrate.

It may also be preferable to provide the high frequency
atomising device with one or more devices, or to provide such
devices on it, which generally allow adjustment of the
temperature of the inert gas and/or of the coating fluid
and/or of the coating chamber, for example a controlled or
uncontrolled device for tempering the inertised air in the
application system, in which case the following principles of
action may be applied: heat exchanger process in the apparatus
for cooling or heating the ultrasonic nozzle, the lnertising

gas or the coating solutions, or any combination thereof.

This means that it may be advantageous, in a coating process
or when coating a substrate with a coating fluid, for
constant, homogeneous and constant conditions to prevail for

the coating medium, the coating fluid or dispersion which may



or when coating a substrate with a coating fluid, for constant,
r_omogeneous and const-any iondi_tions to pre-,,ad for the cc trng
medium, the coating fluid o,-- dispersion which ray - 12- WO 1005/065843
be formed in different aggregate conditions throughout the process. For
example, this means that the temperature of the coating fluid does not
change substantially on the path from a storage tank to an atomising unit.
These constant conditions or temperature conditions could be disturbed,
for example, if the spray head or the atomising unit is heated as a result
of energy supplied when an ultrasonic spray head is used, for example.
ms g% cguld be transmitted tothe ‘coating fluid to be applied and
AFELP

coul écoating fluid. For example, it could transpire that the

fAfelting PeiAt of pardiclesesmtained iir acoating-fiuidis teached lonthehout the
heatedsatonising emitnT his, cold seswdidn melting of:the pamtigles-ande of tne
sticking of the atomising upit or ltrasonic, spray head, T h!g%W%H'Sl' Neh from a

rise 1o poor quality of the application or coating results.” It could als o
ﬁg(ﬁﬁ%ﬁoethal’tgan }sioléé)nt %r?esae%l "2 Bating fiuid evaporated prématuraRyditions

PE. Ve Béfor8 dpphicationr ITHis preraturecevipbratiore nldssrdestrety le, 1f
tbaldsglse yesudtim poorgealittycofitherapplication. and €oating sesultsrsult of
say-therefarpbe advantageous to set-eanstant t%@P??aF%@dth roughQuly - go
J—Q{%H Ehéor pf@ﬁ%ss Qégicsjgri%u“%% 0{3 9 Séort%%%m;rgbtll’élgdAntgss%‘gtela"%oating
constant temperature mayrbe reached, for example, by cooling’down an
Eggﬁ%&&%ﬁeapg.&% verteated dtomising hozzfe: byiméans ef a

temperature setting device, or for example by heating a supply system,
Bhmaireangas supply, tubes: particulady capillatytubes @ apetherng point of
9§¥@9%@@%5y§gﬂ9595g55C?ﬂnngfh@gg%{%%pagt*%% is reached on the
heated atomising unit. This could result in melting of the
particles and sticking of the atomising unit or ultrasonic
spray head. This would give rise to poor quality of the
application or coating results.

It could also happen that a solvent present in a coating fluid
evaporates prematurely, 1i.e. even Dbefore application. This
premature evaporation, unless desired, could also result in

poor quality of the application and coating results.

It may therefore be advantageous to set constant temperatures
throughout the path or process of distribution of a gas or
coating fluid.

An essentially constant temperature may be reached, for
example, by cooling down an overheated area, e.g. an
overheated atomising nozzle, by means of a temperature setting
device, or for example by heating a supply line system, an air
or gas supply, tubes, particularly capillary tubes or another
distribution system for the coating fluid or for particles
dissolved in a solvent. This heating could be necessary 1if the

distribution system leads through a colder area. By cooling



is.so ved in ._ solvent. This heatin ."' could be ne-cesS i the distribution
system leads through a colder area. By cooling -13- WO 2005/065843 the
distribution system the conveyed coating fluid could also be coo pd. ne
fluid, which -E --quid under normal conditions, could therefore assume a
viscous condi ton and obstruct transfer. Heating of the distribution system
may also heat the conveyed medium or coating fluid indirectly, thereby
influencing the temperature of the coating fluid. Direct influencing of the
temperature of the coating fluid is also possible. For example, a heating
coil or a heat exchanger may be installed on the distribution system or

lushed by the coating fluid, théreby also regulating the
SRR

r example, by means of a control or regulating system, by
EftfFerd SEpPIING- bpPtiseharimy héat. Heat supplyvia irfrared 1systemsotd also
imeluctive systems isfalsa possiblesHn certain,embodimentsiitisdlsoconditions,

advantagequs-unlike keeping the tfemperafure of the coating fluid |, obstruct
constant, to %g\élge diffe en}%tem eratures specifically at different points

in the distribution syStern. WhiTst T e o585 dubcriBad Hbola théresfs &3t the
tEresy fithavitfifasfow Ltempérattieigradiéhtas possiBleractly,  thereby
teniperatarengradient istdesirable incthe latter rease. ddus issadvantageQus,nirect

fior exasmplen in coatings, Qﬁﬂ@%@QY&Q§ﬂ%iﬂwgé(%&E%¥H@OQ§%m@S§S also
ng’gq%sl can be efficiently transferred in conjunction Wlth a sol\{ent. In

ado tilor., it may be an advantage for coating, in certain embodiments, for

the particles to be present in undissolved. form, for which purpose the

Selvent rarst be reraovedaThedincredse intemperataes, e.gxzithamhger may be

atomising-unibaceording: te e invention y patticularyln a [RSORANCE. 4 by the
bady 01 & ube, glows the solyentip vaporse of evancralo sothatthe . . ° ..
example, by means of a control or regulating system, by elther
supplying or discharging heat. Heat supply via infrared
systems or inductive systems is also possible.

In certain embodiments it is also advantageous, unlike keeping
the temperature of the coating fluid constant, to provide
different temperatures specifically at different points in the
distribution system. Whilst in the case described above there
is an interest in having as low a temperature gradient as
possible, a temperature gradient is desirable in the latter
case. This 1s advantageous, for example, in coatings,
particularly coating fluids, or dispersions whose particles

can be efficiently transferred in conjunction with a solvent.

In addition, 1t may be an advantage for coating, in certain
embodiments, for the particles to be present in undissolved
form, for which purpose the solvent must be removed. The
increase in temperature, e.g. in an atomising unit according
to the invention, particularly in a resonance body or a tube,
allows the solvent to vaporise of evaporate so0 that the
particles are present in undissolved form on the spray head or

atomising unit or on the sound head.



particles are present in undissolved form on the spray heao_l or atomising
unit or on the sound head. -14- WO 2005/065843 The coating fluid can
therefore be conveyed in this embodiment of the invention by a storage
container as _r-,r as an atomi., unit under temperatures which leave the
particles dissolved in the solvent. This facilitates transfer. The incr_easfed
temperature of the atomising unit then allows the solvent to vaporise in
the region of the atomising unit or ultrasonic atomiser so that the_partlcles
transferred to the ultrasonic atomiser or sound head are present in
undissolved form. They may therefore be applied more efficiently. Other

radients may in turn be Xtvantageous for other _
g%%?csggz%gfg%gating fluids or dispersions. These temperature gradients

may be se- by means of temperature setting devices an.d. by means of a
Brocessaemperafurécontrol devicer controlling the,c9aditions that catbe g iment
Bﬂﬂkﬂ@”ﬂkﬁghﬁya%cggﬂ%gQB%EEE@N%%EQXQQéQ?E%“@%@ﬁ%@a%ﬂpatomising
gpating, Qg_rac%%ristlecr% tthrgz go%ﬂg%gllwd or spreadlr_lg CaprCIty of gissolved .
coating xtﬁuidf, of. the. droplets or'par !cle%efﬁ’r%e‘dkb?/ it tah'als6 e ‘

P&terabR Tiitienced 3écordifgtd thé #iventiors by aelepting tHehe  increased
temperatore of arf “inert gas addednn anrair-flomebhis: adaptalonemay beent o
capied eut directhner indirgctly. %lfrth‘@}ﬁ@o@t&ﬁ@%xr@& _p[ﬁ?@b@r ultrasonic
Qggﬁﬁ_dé%g tosg]eﬂ'ﬂ\éetntlggeto tgnqlpleélceosrnpéetaellys%re@%gl ll){:a Spa%e ?Jlitrasonic
area around the substrate oﬁ il necessary, the coating lharﬂbéﬁ'h
Eonespondingly SLUGFthis Birp6se ahibt Sprdy mist, fofhed oframra-form. They
Bi-eSed1fost el Pdlesrahdse mixed withicoaled ay.ert gas or
distr__buted in a cooled coating chamber, so that it cools, thereby

tropeaving:the.adhe Luith oftihe pagicigs.on &, s rate, rexample. hmay o cor
g’ceﬁ%fgregpplications, coating fluids or dispersions. These
temperature gradients may be set by means of temperature
setting devices and by means of a process temperature control
device controlling the conditions that can be predetermined

for a coating process.

Moreover, the temperature and coating characteristic of the
coating fluid or spreading capacity of a coating fluid, or the
droplets or particles formed by 1it, can also be preferably
influenced according to the invention by adapting the
temperature of an inert gas added in an air flow. This

adaptation may be carried out directly or indirectly.

Furthermore, it may be preferable according to the invention
to temper completely or partially a space or area around the
substrate or, if necessary, the coating chamber
correspondingly. For this purpose a hot spray mist, formed
from atomised hot particles, can be mixed with a cooled inert
gas or distributed in a cooled coating chamber, so that it
cools, thereby improving the adhesivity of the particles on a

substrate, for example. This may therefore influence the



- s once the. -15- WO 2005/065843 temperature ol the inertised air or the
inertised gas, i.e. the mixture of coating flu--a with inert gas or air. The
more temperature setting devices are installed distributed over the
distribution system for the coating fluid or inert gas, -he air or in the
ccat'_ng chamber, the more creoiseiy temperature gradients can be
adapted and the more flexibly conditions can be set for a coating process.
-t is also possible, and preferable if necessary, to_in--k the settings to a
microprocessor, and therefore to store certain. process samples and
coordinate, preferably control, different temperature setting devic_es. To
Q\%amo%@@ggx?pattem that is optlmun_ﬁor the appllc_atlon in question, the
greviouslg explained components which may contribute to varying the

BPRF fet “ofaractéristiccare "EdtittsiRdl byimearts ofzemiereprocesdoraFhe L. e.
VBRimetric i odf theasoatingfluidgenieratechby theypropartianing pump,
as we -'_ as the working frequency and energy supply of t_he ultrasonic

@B@n%felsggﬁ@graet%%tmg@&\%;h acl‘J]emfIJC,ro éog%seso{h_é%%l ed Histributed
microprocessar is also used or contro ing the iner_ gas supply 1o the ‘ )
Spray jet onditioring Sy st8m SHEESTEING 16 tHe Fow Rte 1 The individuglr inert
factors “Which maydikfluehce five spray patterrhmmayde setiby there _precisely
mivteprecessor andd@redependent oa each sthey. Although thelcoating 1 e 151
st ford substratedo g coated,can e sybstentially improved solely

with the ultrasonic atomiser according to thé invention, as described

above, this result, which is already satisfactory in itself, can 'oe Improved

Even Stufth? by T&faifihg the Rtibstratketoe eodtéd insidethe yay mistl ink the
ettt asubstrate dolder duringdheseaating PHOCESS r eff 0@ POSHOR thatdS certain
favourabledfonsedtino, feferably : is: o | preferably control, different

temperature setting devices.

To obtain a spray pattern that is optimum for the application
in question, the previously explained components which may
contribute to varying the spray jet. characteristic are
controlled by means of a microprocessor. The volumetric flow
of the coating fluid generated by the proportioning pump, as
well as the working frequency and energy supply of the
ultrasonic atomiser, is therefore controlled with a
microprocessor. This microprocessor is also used for
controlling the inert gas supply to the spray Jjet conditioning
system, according to the flow rate. The individual factors
which may influence the spray pattern may be set by the
microprocessor and are dependent on each other.

Although the coating result for a substrate to be coated can
be substantially improved solely with the ultrasonic atomiser
according to the invention, as described above, this result,
which is already satisfactory in itself, can be improved even
further by retaining the substrate to be coated inside the
spray mist with a substrate holder during the coating process

in a position that is favourable for coating. Preferably this



16.. WO 2005/065843 substrate holder is suitable for subjecting the _
substrate retained i.n the substrate holder, -n the region of the spray mist
produuced, -el three different -ranslatory and three different rotatory
degrees o freedom of movement. n par~aicular, the substrat_e can be
moved with the substrate holder in the region of the spray mist in th-re
different coordinate directions, thus enabling the substrate to be coateo!
highly uniformly with coating fluid. According to yet a furthe.r aspecF of this
invention, the coating result of a substrate that can be achieved with the
high frequency atomising device aCCO{ging -0 the nven-ion can be further

imprayediesthat, unlike coating methods of prior art, the substrate need

nogbg removed f[o,m the substrate holder following the coating process
ST. e noldge

v

for crying ourpoges©so that it&ar be Hardénéd iREr dffitg B¥en; bet irFubstrate
fhat the ssigh reqieneyatomising devide itself comprises g idrying deviee spray
which issuitabtefor drying the.spray misteoatformed gn.the. substrate, ..
@ﬁf@f&ﬁiﬂ@ning@fﬁgﬁj'in@@gfgggr |n§EanC%rét?:§dDmOSS_lg]l:e b¥ngnx?e§rr?§nt . In
gt this drying device to dry the same even gurlng the coating process et mce
Simuftaneously with t_he application6fthe“Coafil®y fiffn. Th aﬁ%

ARHIVEd, 16 eXafnples yIbaditg thedresityagoated substratehwit a heaterent
flogrevierrdaring the coating , process. Fenthis pugposeithe REaLSOWEE o be

: i A the
mayeemprise. foruexample, A heating system which jsin ___, us_as tr
attcmising unit, is enclosed by a heating housing open on one side, which

inert gas supply for generating a not air ".-low. ','he

i A0 0 foe HEhing hadaing s TEated in e hating RowSnGamd.  the
8Seapes fromsit Via epfiozzles arangedeonione ofthe openings 08el with the
heat:.nyrhousingyand can befgddevice according to the invention can
be further improved in that, unlike coating methods of prior
art, the substrate need not be removed from the substrate
holder following the coating process for drying purposes, so
that 1t can be hardened in a drying oven, but in that the high
frequency atomising device itself comprises a drying device
which 1s suitable for drying the spray mist coat formed on the
substrate, or for hardening or Ccross-linking it. For instance,
it is possible by means of this drying device to dry the same
even during the coating process simultaneously with the
application of the coating film.

This can Dbe achieved, for example, by loading the freshly
coated substrate with a heat flow even during the coating
process. For this purpose the heat source may comprise, for
example, a heating system which is in turn, Jjust as the
atomising unit, is enclosed by a heating housing open on one
side, which has a controllable inert gas supply for generating
a hot air flow. The inert gas fed to the heating housing 1is
neated in the heating housing and escapes from it via a nozzle
arranged on one of the openings of the heating housing, and
can be fed specifically to the substrate by means of the
nozzle.



l,cci. i-- ¢, s, y to the -Li:;sTryi,cl ;Weans of tie noz?_e. 17- WO
2005/065843 Another possibility of crying the coating firm formed on the
substrate consists in first fully sealing the coating of the substrate, then
moving the fully coated substrate, with the substrate holder, into the
region of the escape opening of the heating housing nozzle, so th_at the
drying or hardening of the coating film is carried out after the coating
process. Obviously it is also possible, instead of the drying 'based on
thermal convection, to or,,, the coating film formed on the substrate
indirectly by radiation, particularly infrared radiation. This drying by means

%@%Hé% g%ﬂation may prove parti(“:L]lVa‘rIy advantageous in that t_he -eat
source for genjerating the thermal radiation can be arranged outside the

area of the high frequency atomisinc device where there is a risk of

éxplosion. Forexample ythe headt-saurge mfege&w@tim@ adbhesmalormed on the

radiation mayck&la&rsmgeq?ug%% h@@%@ ‘% ﬁ?ﬁg@%@%@%& é'%% of the
iSi nit e _paositionable substrate , \

g}%s%li%g%g fha%%%gﬁma ly have éterimjglﬁ%aiﬁéffgé’tagr? an Adkibyehedus "0 the

PPy patten” Thit® houSHd thiehsrors protecithespray pamerrppening of the

genérated Withs the atornising unit befere aryecross flow exerts:a possible of the

negativey influences sedhat the eeatingsresultand its guality P%@@ss.
improved s-111 fur:per by the housing, which surrounds at least the

&tf?misin unit and the Il[I)ositionab' e substrate holder. A suction device
W

ICH 18 suitable fof cONESHRPERd ShEking "Sff #76 obérsphsy, H&Vies based on
qUaRTE of afUMISEHIcTating fluid wwhichhis spragedpastthersubstratedo on  the
belcoated,scanialsa becarkanged in thisihausing, for gxample, 119 ensure s rareq

hatithis; overspray i%@@?tip&t BE}d £an,be fed back to.t eraaggrfésciqgn may prove
particularly advantageous in that the heat source for
generating the thermal radiation can be arranged outside the
area of the high frequency atomising device where there is a3
risk of explosion. For example, the heat source for generating
a thermal radiation may be arranged outside a housing in which
are arranged the atomising unit and the positionable substrate
holder in order to avoid cross flows that normally have a
detrimental effect on an homogeneous spray pattern. This
housing therefore protects the spray pattern generated with
the atomising unit before any cross flow exerts a possible
negative influence, so that the coating result and its quality
can be improved still further by the housing, which surrounds

at least the atomising unit and the positionable substrate
holder.

A suction device which is suitable for collecting and sucking
off the overspray, i.e. the quantity of atomised coating fluid
which 1s sprayed past the substrate to be coated, can also be
arranged in this housing, for example, to ensure that this
overspray is not lost and can be fed back to the atomising
unit, for example, for atomisation. Obviously this suction

device, as well as the substrate holder, can also Dbe



unit, for sxamole, for omisaticn. Obviously this suction Device, well a" the
substrate nod.. der, can also be 18- WO 2005/065843 controlled :oy the
above-mentioned microprocessor, so that the spray characteristic of the
atomising device can also be _luenced, for example, by manipulation of

the suction flow and by generating a vacuum. On the other hand, by

controlling the substrate holder by means of the microprocessor_is

possible to retain the substrate to be coated constantly in an optimum

position In the region of the spray ;et produced, depending on aII. the

other process parameters. In addition, freeze drying, vacuum dryl_ng or
flawdn4pgRdhe air or gas flow, by means of suitable drying devices in

the arrange ents described above, may be used instead of the
abovéementionetl 'past drmE prIcessa8 SThe pErson SISt R thesart Wikt the
Pig caseselediahe suitable Bryingedevicerfors each coatingeandtdryinglso  be
task. ubdrying, hasdening.ap cegssdinkingrare carried QULWIthIR.the.5CONE,  £1 0w
ohihisvealienathess operalionmareindarstogd  gengially o IVONE DL, 1) 1 ng
Er@gsition of g:hetcoaglmg luid from the liquid to the solid state, but the

T

person skilled and égﬁéﬁéncga intRéield Of coating TEchiolgGFSane ot & 1s
DRIt tRe exaétdighefiddifcesaithiesa ossibilities witcte chavereemtly in an
eomutativelycsummarised Emwsimfusgwﬁpeasionsuanqécyr%g}utiggg o_fp roduced,
selid et digyichsubstances ipsuitable splvents,are gonsidered as coating

fluid. For example, solutions, suspensions, dispersions or emulfsions of-

one or more active substances or active substance precursors in a . ’
sUitABR <0198t Thas B StoHiised, et May tundilited liglihactiveing in the
sibstances 3n dddition csolutionss emulsions antfor SHSPERSIGRS Okes in the
dispersionsrofONRIOE HIABed  above, may be used instead of the

above-mentioned heat drying processes. The person skilled in

the art will in this case select the suitable drying device

for each coating and drying task.

If drying, hardening or cross-linking are carried out within
the scope of this invention, these operations are understood
generally to involve the transition of the coating fluid from
the ligquid to the solid state, but the person skilled and
experienced in the field of coating technology 1is able to
deduce the exact significance of these possibilities which

have been cumulatively summarised.

Emulsions, suspensions and/or solutions of solid or liguid
substances 1in suitable solvents are considered as coating
fluid. For example, solutions, suspensions, dispersions or
emulsions of one or more active substances or active substance
precursors in a suitable solvent may be atomised, but so may
undiluted liquid active substances. TIn addition, solutions,
emulsions and/or suspensions or dispersions of one or more
polymeric or non-polymeric organic or inorganic substances, or
any mixtures thereof, if necessary together with cross-linking

agents, as well as reacting multicomponent compounds, can also



polymeric or non-po_ym.er_c organic or ir:oraanic substance_s, orymi _
tyres Hereof, no..;:essa o:-e.he w_ rocs .cntong ,cents, as "ei_ as reacting
raulticomoonent c:omnounds, can also -19- WO 2005/065843 be ‘
atomised, the latter subject to the provision of a su-=able drying/settlng
mechanism or an adequate pot life, to avoid setting _nside the atom sina
device. Furl-he--more preferable to use such coating materials, supp_lled
from solutions, aispersions, suspensions or emulsions, which contal_n
particles selected from polymeric, non-polymeric, organig or inorganic or
mixed norgan:.c-organic or comcosite particles or any mixtures thereof.

f rticles are micro- and nanoparticies. Examples of poly_meric
aéﬁi%?@?%%é%ﬂMA, PLA, proteins, etc., examples of non- pqumerlc |

particied are fhretals e metal Gxidssiamets catbides, metatinitrides; Metasui cable
gxyHitre-0es! metal caehtnitrides, rmetak ox_ygarendes, metal oxynitrides, .voiq

metaliexyoarbeniyides; H%talf '@Mﬁ:ﬁ'&*@égfpe@aﬁi@ﬂid;;\é%%%% %‘ﬁgoéggens it is
' ic,ar.. organjc metal salts. Also preferred are m , .
ecamplog o which are - WtkoLR excluding Biners 276, ABAIL Hickela torials,

mAnganese ormidfures tRerdof ot exanipié Cipars-pratihum mixtressdras  or
eRamples of magnetic metat oixidesairon oxide andferites. Examplesofmeric,
nonﬂyﬁyvmﬁmi@aﬂ5$§éa&tm§@59@é§8§g§§a@g(Hmﬁéaa@%%¥5%mgcaorganic

rto Cies, s raphite, diamond, nano'tubes, fuIIerene; an
t6h§e glggm g?%gﬁiulgrg IErT‘:jei;lcggriegrllgce §rre afls%ypalf%ﬁﬁ(etsu\}:vﬁlsch tdre*Stipplied” Teferred
ar

from cols and géls MeftS of it mopatCodting subtantes: ©.¢p fapolymeric
Ry als6e be ased. MHdditioRlthe useasfcoating substancesbaseeksonof  non-
ayesmandivarpishescorganicrpolymess squra=and thermeplastics, With. . -1 ge s,
ﬁb'ﬁ%@orﬁﬁggge{@éucﬁﬁa@e”&%@it@?ﬁ%’ss,’togn%ggfargaor f(l)l%r%g%:a?]. Sgt% metal
89 #g§ggggﬁzxrgégg%an§%$ggg99 égy_%;ggggvg§i$ga;%§gitriges: metal
g;d?? Jgfyrmetal alkoxides, metal halogens, inorganic or
organic metal salts. BAlso preferred are magnetic particles,
examples of which are - without excluding others - iron,
cobalt, nickel, manganese or mixtures thereof, for example
iron-platinum mixtures, or as examples of magnetic metal
oxides, iron oxide and ferrites. Examples of non-polymeric
particles are also soot species and other nanomorphic carbon
species, such as graphite, diamond, nanotubes, fullerenes and
the like. Of particular preference are also particles which
are supplied from sols and gels.

Melts of thermoplastic coating substances, e.g. tar, may also
be used. In addition, the use of coating substances based on
dyes and varnishes, organic polymers, duro- and
thermoplastics, with fibre constituents such as cellulose,
glass, stone or cérbon fibres, and polymer fibres with organic
and inorganic additives, and also catalysts, is also preferred
according to the invention. Usable and suitable coating
substances within the scope of this invention are disclosed in
PE 103 24 415, in the section headed “Polymer Films”, and are

therefore fully incorporated in this disclosure.



according to the invention. Usable and suitable coating sub_stances \_/vithin
the scope of this invention are disclosed in DE 103 415 21I|n tr ~ec ion
headed ~-ymer films", and are therefore fully incorporated in tl s
i,,closure. 0 WO 2005/065843 The term "active substances" is also
understood to include, according to the __nvent.ion, pharmacologically
active substances such as drugs, medicinal products, pharmaceutical
products, but also microorganisms, living organic cell material, enzymes
and also biocompatible inorganic or organic substances. The term "active
sucsaance precursor” refers to substances or mixtures of sgbstzncss
erted to active substances of- the type mentioned above
%@%&@?gn on an implant to be coated by means of thermal,
mechanical, chemical or biological processes. Molten active substances,
bR &ctivesubstaneesaissehveth nsuspended erldispersed i melts, may beclude,
apphedibydhe deyvice ageordingtastheipvention, as-well asd 0se ﬂ@;ch sctive

arg,present in §Qggialaf9rr@sf85§upp%§g1lact icggllbe suspended, aispersed

roducts. a eutical
or emulsified, “or exa%fle active’ substances encapsulated in polymers.
roaucts "

i one specific fbodinaht thE tiitRBAAGH b fife coét%ﬁ’d%@llutiéﬁ profc  cell
Bibiorients GFthETEsatirGsoRkioN, Ahdcimparticular embodiments also ozganic
theogeemetrical Otientatiam, e:gcefparticles witthmagnaeticpreperties Arers  +o

@Qﬁglﬂﬁtﬁ\@%@rQﬂﬁrtjﬁﬁ(E%J?di_fci)(:@”)éﬂ’ggl@%ggéay&}ﬁ%gnOdaex%ndcgglx?erted to
Q@@@é{ste@u ased on magngtlc or. dielectric principles of action, in which

case the anode and pole ID%Ate ; teht is dedigned Wit bRBSH mofeove  after
ERBANER itk it<"Scatidl alifhiert den trevatied: Firthermoreptheot thermal,
piedtrodecer electrastaticlsysteimn] withy 1associatedactivation electronics

and energy supply, may form

Molten active substances, or active substances dissolved,
suspended or dispersed in melts, may be applied by the device
according to the invention, as well as those which are present
in special forms of supply that can be suspended, dispersed or
emulsified, for example active substances encapsulated in
polymers. In one specific embodiment the distribution of the
coating solution or of components of the coating solution, and
in particular embodiments also the geometrical orientation,
e.g. of particles with magnetic properties or conductive
properties, 1s specifically influenced by the anode and pole
plate system based on magnetic or dielectric principles of
action, in which case the anode and pole plate system is

designed with one or more channels and its spatial alignment
can be wvaried.

Furthermore, the electrode or electrostatic system, with
assocliated activation electronics and energy supply, may form
an integral part of the device, in a preferred embodiment, so
that it specifically influences the distribution, charging,
alignment and morphology of coating solutions or their

constituents with variable magnetic and ionisation fields.

A



an integral part of the device, in a or rerred embodiment, so that it
specif~_cally influences the distribution, charging, alignment ana
morphology of coating solutions or their o.onstitt ants w._h variable
macnetie arid ionisation fir' ds. -21 - WO 2005/065843 Particles,
particularly movable or flying part.i.c'es droplet=, are influe_nced by the
crossing ~Dlect-ical or magnetic fields. in preferred embodiments
according to the vent_on they are electrically charged or ionised as they
cross electrical or magnetic fields provided for this purpose, or are
otherwise influenced by an nteracticnbgor exampl the rgl;)tuarll alignmer;f[
i vary. A variation of dtignment is caused by the magnetic

gfe(l%?%gr%%?ary in the case of ferrite-containing particles particularly
preferred® according tthedhvéntioRi Variafionsaia the: rittaal alignmentofs  or
thepafictes tobe appfieédeaceording tothe nvention; ot ionisatien@fthecal or
ma@hﬁe&areﬂﬂaMaaLChaﬁﬂngrgh@t$%aﬂ)éﬁﬂ@ﬁ%ﬂ@ﬁ@éQﬂﬁ@H@r@in _to the
distibuition, of aeqating im,9r.2 coaling fid,  Fartigies greniated Mg, chey
mannetr,. artticularIX nanopa ._es, have Better adﬂes_lon 0 a'substrate.

oreover. the'drying proceegHecording td #e mvRHhiioRds A6&elérdtéd Purrose,
ahd fmprovéd By the us' fofmiaigrment anainfluencing of the . _For example,
hierphology. it is thereferecadvantageeus e influgrce-eoating fluidss r1ati0n  of

@@ﬂ&%@W%SQ@WUQE%%@f99¥Eﬁ§fHQESQJ%ﬁ“%@@?dpy me Egéyarlg in the
glectrical.or magnetic elds, which are cre erre: accordm&to the invention.
The fields here may be Slecito” of naghbtostafic fiekfsror fimeavariantoreferred
fiel Mottildted With fretients patterns. The influencing of the electrical

or magnetic fields preferred

Variations 1in the mutual alignment of the particles to be
applied, according to the invention, or ionisation of the
particles or electrical charging, give rise to an extremely
uniform distribution of a coating film or a coating fluid.
Particles orientated in this manner, particularly
nanoparticles, have better adhesion to a substrate. Moreover,
the drying process according to the invention is accelerated

and improved by the uniform alignment and influencing of the
morphology.

It 1is therefore advantageous to influence coating fluids,
particularly spray mists or droplets formed from themn, by
means of electrical or magnetic fields, which are preferred
according to the invention. The fields here may be electro~ or

magnetostatic fields or time-variant fields modulated with
frequency patterns.

The influencing of the electrical or magnetic fields preferred
according to the invention may take place during the flight of
the particles or the spray mist, but it may also take place
during or after deposition on the substrate. The influencing
of the electrical or H@ghetic fields may  take place

simultaneously or staggered in time. Moreover, a multi-channel



according to the invention may take place during the flight of the part idles

or the sprig r..ist_, buti_t may also take dace during or after decositior. on

the substrate. The nfluenc.ng o_-ae electrical Jr magnetic fields may to<e

place multaneously or s aggerea in time. Moreover, a mul nel WO _
2005/065343 __luence, i.e. an influence caused by a plurality of devices

to be p o vi_ded according to the invention for generating electrical or _

magnetic fields, and one which can. also a. in different spatial planes, is
particuiar.ly preferable ir. certain embodiments. For t:0i._s purpose

electrical fields can be enerated by means of electrode, anode or pole_
wiateosyaiemssuitably arranged in the device according co the invention.

these may, _f necessary, be §uéprplied with high voltage (IW . The cou[s% ‘
lo?“%%eﬁel & and their intensity may be MitieAced by the-Shape 'of the devices
‘electrGde8 *MAGhBfic_tdeREy Jor BRamiple, be generdted by means:okrating
el eetot oF permanentmagnetsistiitably ammangeesin the devisenaccordingee in
de the iaventioppand in the,gase of the;mag netic. ggl@ﬁa@?y theplpg%%%té{b le in
C‘a&dcgqg{rs&n%f()tg%{(igrllc{ssare influenced by the shape of the naane,.s. Itis
advantageous not merely to generate electro or magnetostatic fields. The

activation and modulation of the fields preferred according to. the
Frventivhswitlicotain fréguendy-patternsdea time miatj_emmﬂj&d by means
dntensity ccanidnfiuengesthe-weting @q@ygoypgtmcg%u%ﬁﬂ?d%nged in
LIH@ W@%mwglc;hatggépﬁﬁﬁ%mstc—es_ dec%oesneqr?\c]etg%isgpp.s”a% .Shee may, if
sglstempreferged according to the j.rventio ft_ generating a con |Quous o]
timeVariant magnétic Retcon&ists of'aSRagiiet: psferahlyi-anthe course of
diectférhaghetthat are be modskated in fiaenow and Bmplitudles by the shape
afieahs ctleart essersontcc.1, which magnet is provided with pole shoes
advantageously

Magnetic fields may, for example, Dbe generated Dby means of
electro- or permanent magnets suitably arranged 1in the device
according to the invention, and in the case of the magnetic
fields too, the intensity and course of +the fields are
influenced by the shape of the magnets.

It is advantageous not merely to generate electro or
magnetostatic fields. The activation and modulation of the
fields preferred according to the invention with certain
frequency patterns, or a time variation in the intensity, can
influence the wetting behaviour of the coating fluid and the

way in which the spray mist is deposited on the substrate.

The system preferred according to the invention for generating
a continuous or time-variant magnetic field consists of a
magnet, preferably an electromagnet that can be modulated in
frequency and amplitudes by means of microprocessor control,
which magnet is provided with pole shoes advantageously
arranged geometrically. Furthermore, the entire arrangement
can be spatially varied by microprocessor control in relation

to the substrate to be coated. The system for generating a



ranged geometrically. Furthermore, the entire arrangement can be
<,pat_aily varied by microprocessor conr_2_in ation to the subst. to he
coated. The sy ..om for generating a WO 2005/065843 modu;_ablee
LF-HF field consists essentially of a microprocessor control for genera
tang frequency and ramol_tude samoles and two or more electrodes,
which may be aligned axially or radially so that they are spatially variable,
according to the application. Suitable solvents for coating fluids, in the
form of solutions, suspensions or emulsions, include, for example,
alcohols ana/or ethers and/or hydroc_:a ons such as methanol, ethanol,
Hreronanelsssepropancl, outoxydig'_yco'_, butoxyethano::.,
butOﬁvi%cpro anoi, butyoxypropancl, n-butyl- a-cohol, butyl alqohpl,

oty eﬁe%%-ﬁgo—lfigutifllgét nol AdietHylerie® §RebLE HrhétHokydigheor,oprocessor
afheti efiver, dipropylenaglycolethoy yaiglycolpéthoxyet:kangljes and two
ethyifiexane diol rglyeel, hexang diek 1,2 &-hexanetiok hexyhalcohol,r2qia11y
fexylens glvalisobutpxypropanol,  sopeniy diol, Iethaxybuiandl, oo cre
metpcxg iglvcoi, rr .ethoxyethanol, methoxyisopropanol, methox_ymethy
%%?anléi, me?ﬁéxy PEG-10, methylal, meshy--hexyl ether, met_nylpropane
dioi, neopentyl glycol, PEG-4, PEG-6, PEG-7, PEG-7, PEG-9,
PEG:6:mrethwdethern pentytene glyeals PRG PPG:r2-putech-3, PRGe2 butyln,  of
ether: ;BRG, buty| stasr; PRG-2 g}iethé%‘?tf§ilfoﬁr§;9'%r'}]@eﬂg%§c} Ceeo,tlhgl:ft 353’;%%&1@ le,

ther, propane d_ol, pro ne glyco -
%%%‘é%é gﬁ/%é -%Fopef/ ether, ge}%ﬁ h?/aro]‘?&%rr%(fg BHVTheXandl, ﬁﬁeh“%ﬁ,thaml'
BENZBP toluene, RVIBEERI&50 water, #FRERBARF a mixturewitk vdiglycol,
dispersiorhaids] as well asmixturesobthelaboveuWithcherdevice1, n-butyl-
aceoerding to ﬁh@&ﬁ\ﬁmmm@ﬁwfa%‘@fym@né@je(g19/@@lc,_oat%%g’gf b%ctanol ,
padially ar, essenfiglly, fully coaled or even coated many times, Poult e
1] .

9Syop Féﬁgngqycol, ethoxydiglycol, ethoxyethanol, ethylhexane

dicl, glycol, hexane diol, 1,2, 6-hexane triol, hexyl alcochol,

hexylene glycol, isobutoxypropanol, lsopentyl diol, 3-

ether,

methoxybutanol, methoxydiglycol, methoxyethanocl,
methoxyisopropanol, methoxymethyl butanol, methoxy PEG-10,
methylal, methyl-hexyl ether, methylpropane diol, neopentyl
glycol, PEG-4, PEG-6, PEG-7, PEG-7, PEG-9, PEG-6-methylether,
pentylene glycol, PPG-7, PPG-2-buteth-3, PPG-2 butyl ether,
PPG-3 Dbutyl ether, PPG-2 methyl ether, PPG-3 methyl ether,
PPG-2 propyl ether, propane diol, propylene glycol, propylene

glycol-butyl ether, propylene glycol-propyl ether,
tetrahydrofuran, trimethylhexanol, phenol, benzol, toluene,
xylol; and also water, if necessary in a mixture with

dispersion aids, as well as mixtures of the above.

With the device according to the invention the surface of the
object to be coated can be partially or, essentially, fully
coated or even coated many times. Multiple coating is carried
out by the multiple use of the atomising device in separate
process steps, and if necessary drying steps may be applied

after ecach coating process.



out by curt.. plc use oi- the tcm_sincr device in separate cr. cczss steps,
and .1 necessary -I-tying steps may be applied after each coating
process. WO 2005/065843 BRIEF DESCRIPTION OF THE DRAWINGS.
Exemp_ary embodiments of this invention are described in greater detail
in the following, with reference to the attached drawings, for a better
understanding and for further exn_anatron of the invention. The person
skilled in the art is aware in this case that all the features described in the
following can be applied and generalised, within the field of thi; invention,
for all embodiments described and c_oggeivable,k asr\]/veflltﬁs Lhe;:f ,

pations., kig. 1 is a schematised system sketch of the high frequency
m@%%%%ﬁgegaccording to the invention; Fig. 2 shows a_sectipn _
through the resonance body according to the invention, which widens into
BRI e BERIRTAMEIOF. §HE iDBARHRGRA=SseC system sketchofa
preferred emoodiment of the high frequendcy atomisirégdde\_/lce faccordlng

[ tio ith ature setting. devices and devices for , ,
ILQéEr%‘l'é{%rpait]iérflggg}e e%?r\g:g%lgﬁ%}p%é ncge?ﬁc f%t'ga? % 21 the ﬂgﬁrog% _th%rseamg %%\?t%l?ed in
re ﬁjteﬁifieé?m?h‘ correspondfng r%?éré?f?fé@mbd’?%%?ﬂg??%%ﬁn to  the
BkEMPIEY emBdiient of #e Righditeencyn dtomising! device mecarsingFurthe r
ABthe AERtionoif a:Sehe‘maﬁsedorzepras%t@gQ@.gﬁs may1 q%geggc%%e art is
from £10.%, the.ngh dieuiency atomysing.device. siow schematicaliy]n -,

ggrﬂ)&g,gg amongbother things, an atomising unit. 1, which is stitab ¢ for

afomicl_ng a scatng Mind fe Lo i tGRIEAG L2550 P0BBABSEAS field of

this invéntion, “for all embodiments described and conceivable,
as well as their combinations.

Fig. 1 is a schematised system sketch of the high frequency

atomising device according to the invention;

Fig. 2 shows a section through the resonance body according
Lo the invention, which widens into the shape of a
Crumpet;

Fig. 3 is a schematised system sketch of a preferred

empodiment of the high frequency atomising device
according to the invention, with temperature setting
devices and devices for generating electrical and
magnetic fields.

In the figures the same parts are identified with
corresponding reference symbols.

Fig. 1 shows an exemplary embodiment of the high frequency
atomising device according to the invention in a schematised
representation. As may be deduced from Fig. 1, the high
frequency atomising device shown schematically in it
comprises, among other things, an atomising unit 1, which 1is

suitable for atomising a coating fluid fed to it. Atomising



unit 1 may, for example, be an ultrasonic atom= seer which can b_e

excited, for example, with a piezoelectric element to generate '..hlgh

frequency vibrations. Atomising unit can be Ieaded Wlth a precision

proportioning pump 1 with a coating fluid which retained no a storage

tank 5 for storing the coating fluid. As may be deduced_ from Fig. 1, th_e

coat_.ng fluid is pumped from storage tank 5 with precision pump 4 via a

systEm of tubes to atomising unit 1. The coating fluid fed in this way

atomism unit 1 . g excited by atomising unit | to generate high frequency
vibrations and is conveyed further in t%g dibrection_o_f resonancie b_ody 2 by
thecanfineys ;volumetric flow generated by precision propor ioning

mg 4 v_a capillary tube 17. Instead of exciting.the eoating fluﬂld dlrectly

5V means Bf the atomising iitto geherdte vibrations ias thediuid passesich can
iPSt iscelvieasly alopossitlertdeexcite only resanancedhedy 2, Whidh inent o
tyen ¢hen excitegher coalingdiaidto,generate vibrgligns s soon asithas,

ance 2Resanance body 2, including capillary tube .
?j@;%orgﬁgg % é;%ir%/ Je_%r\lgﬁal%%%pgc%% .%/5% ey B8 Hedticed %‘lllbmaF@.Oa ting
1d., ., WhlcC

capillary tube 17 ig ficorporate the r%%@ﬁéﬁée Bedy: denéted bytheing the
fetéferit® nimbet 2, §6 thatrio discoltinuities drjumps ase progucesdin coat ing
thegransitiorpbetweercthenend of -capillary fube 17 and the expanding, . 4 1.
i@”@ﬁ/fs?@&rﬁ @ffre§QB§QCGCJJOQMO%ﬂiEQ% oal}irpgtm??en gxcétge?tig%gf élw&d fed
generpte gl fequency vibrations by means of atomising Ut 1 fofed via ™ "¢
capillary tube'17 to resonaﬁeegoo‘ﬁgrf,‘ and'id tﬁéﬁjdts@tﬁpﬁﬁéd bAtheingent:
fete B HoTA 4B OFré8oraircaibadyy 2ik aatini coat,ant isthe-dfasthen further
dispetsed orperforated dise 22asiadisateshyithe arrows, which ham, « « 1 uous
mwmameﬁﬁe&heﬁhﬁpe&%ﬁeP}%%Bﬁtby precision proportioning pump 4
via capillary tube 17. Instead of exciting the coating fluid
directly by means of the atomising unit to generate vibrations
as the fluid passes it, it is obviously also possible to
excite only resonance body 2, which in turn then excites the

coating fluid to generate vibrations as soon as it has reached
resonance pody 2.

Resonance body 2, including capillary tube 17, is shown in
Fig. 2 on an enlarged scale. As may be deduced from Fig. 2,
capillary tube 17 1is incorporated in the resonance body
denoted by the reference number 2, so that no discontinuities
or jumps are produced in the transition between the end of
capillary tube 17 and the expanding inner face 4 of resonance
body 2. The coating material excited to generate high
frequency vibrations by means of atomising unit 1 is fed wvia
capillary tube 17 to resonance body 2, and is then distributed
on the inner face of horn 18 of resonance body 2 in a thin
coat, and is then further dispersed on perforated disc 22, as

indicated by the arrows, which horn widens into the shape of a
trumpet.



-26- WO 2005/065843 Resonance body 2, which in --urn is also excited to
generate nigh frequency vibra-ions, reinforces the vibrat!ons indUC(_ed the

coating causing concentric capillary waves to be formed in the coating

fluid, which is d-'sibuted on torn 18 that widens into the shape of a

trumpet. Because of the inertia of the mass of the coati_ng qui_d excited to
generate capillary waves, very fine droplets of the coating flaid separate

from the vibration curves of the capillary waves, giving rise no thg

formation of a spray mist. In addition to the advantageous embodiment of
resonance body 2, with horn 18 that widens into the s_hape of a trumpet,

e 1 itio 4I:;etween the feed line 19he atomising tip and the s_urfac_e
thereg?l,gz?sc osed in US 4,655,393, is also indicated as a comparison in

iy 26y a°doteding and idémtified byt tie réferencecnumiber-£8. Asscamenerate
bédeddiced frone thisy he atransition betweer thesfeed line,and the SYEace yceq
ofihe atamising i gas adiscontinuitylp the formy et.an edge, WHIED aes v

ting - uid from being sperse ,uniformlyqn e sur o
?rig\ggﬁg}fg%?g "Il‘%l?s_mc ?lfrtnuégus%g%%érsé"gafobps 16 bEcSme G8aRAedr horn
r

omthe edfedikes -rafdtontfuricttfolled fash-ori rereftinginthese of the
irpairientsf theecoating restlt dlreadyeexpla_nedi2owevered to generate
counteractring dhisJisk efdmpairmeat C}fﬂ@gp@ggngggsulghgu_eggatmg Fluid
detachment of lrger glopletsas among.elber thipas, an oblectotinie .,
invention, an object which is achieved, among Other things, %y%_ |
%ﬁﬁﬁgo&sjlf}/eexb%n iHg ROPA'SAAFE SFredoRBAGE bBAY 2-shown in Fia. 2.

As may further be deduced from Fig. 1, atomising unit 1 may be

Surredrded by athousing laapen onyene sidenBesenansce QQdYI%sonance body
ajranged i o @ Of the:openings;of housing 16, Air nozzle a,.s nozzlefinert.
99§g§¥%¥%§C@Q@%&%%F%QEF%%%S”%ine to the atomising tip and the
surface thereof, disclosed in US 4,655,393, is alsc indicated
as a comparison in Fig. 2 by a dotted line and identified by
the reference number 19. As can be deduced from this, the
transition between the feed line and the surface of the
atomising tip has a discontinuity in the form of an edge,
which prevents the coating fluid from being dispersed
uniformly on the surface of the atomising tip. This in turn
causes coarser drops to become detached from the edge-like
transition, in uncontrolled fashion, resulting in the
impairment of the coating result already explained. However,
counteracting this risk of impairment of the coating result
due to detachment of larger droplets was, among other things,
an object of this invention, an object which 1is achieved,

among other things, by the continuously expanding horn shape
of resonance body 2 shown in Fig. 2.

As may further be deduced from Fig. 1, atomising unit 1 may be
surrounded by a housing 16 open on one side. Resonance body 2
is arranged in one of the openings of housing 16. Air
nozzle/gas nozzle/inert gas nozzle 3 connects directly to one

of the openings of housing 16 in the form of an expanding



‘- the openings of ;icusir<- 16 in the form of an ~ xpancinc -27- WO
2005/065843 funnel, so that an annular gap is formed between the
atomiser plate or resonance body _and the expanding funne o.f _n.e.L.
gas .nozzle Housing lo, in which a_Omi5ing Unit. _ is arranged, is _
supplied with a controllable inert gas volumetric flow, whose volume is set
by mean,- of control valve 12, which is controLLed, for example, by
microprocessor 7. In the preferred case microprocessor 7 also controls
the onerating frequency of atomising unit 1 and the volumetric flovy of
precision proportioning pump 4, which supplies atomising uni_t 1 wit:
coating means from tank 5. The inert gds with which the interior of

AOUsiHE 1 i$18aded is dispersed in n_ous_ng 16 and escapes from one
ofuthiee bpenings iof housingn6 throughithe annuiatgapixhichds farmeds « omi ser

Betweendnc atomiser plate,ghkesonance body 2@%%&3@%@99(} of inert

| of inert. gas As a result of This escape of .inért gas from housing ‘
f é}%ﬁe%pgrkae%rgis% Whigﬁ,%%énsgepa%sted ]T?gmwr%%ﬁﬂanéé%ngcfé&, 1 ks
S GEherate high FatRenty Vibfations temBe miodulatedrin Hitsspray ol umetric
pattern. Thesspray lpattern canee varieddn differentanays; particulady e, which
cenjunctienwith-inert gas-nozzledand the jnert, gas gscaping; through -, o
The anpular gapEor example, the yolumetric flow of the spray et canobe

%ccelerated by varyin% the inert gas flow, or?hesgprgﬁré% can‘be wf_d}eneoa'eratjLng
or reduced’by varying” e opening afglelof R uriie ofiRer s ozzIElow  of
8rsabstrate LATaNbe positivnedhy stbstratedioldernd, dy meansmokthey unit
workipiece clampingrdevSce 9delengingdo the substrate holder,

underneath resonance body 2 of the nigh frequency atomising device

cording to the invention. As denoted here by the references x, y, z and
??é%béﬁg%éch&%%r %s?%bféﬁb%ut%ﬁé%t SUPSFate 1410 thiéeaftfererpc 15 Loaded

&énsﬁﬁéﬁﬁﬁ%9€méﬁt housing 16 and escapes from one of the
openings of housing 16 through the annular gap which is formed

between the atomiser plate of resonance body 2 and the
expanding funnel of inert gas 3. As a result of this escape of
inert gas from housing 16, the spray mist which has separated
from resonance body 2 excited to generate high frequency
vibrations can be modulated in hits spray pattern. The spray
pattern can be varied in different ways, particularly in
conjunction with inert gas nozzle 3 and the inert gas escapling
through the annular gap. For example, the volumetric flow of
the spray jet can be accelerated by wvarying the inert gas
flow, or the spray jet can be widened or reduced by wvarying

the opening angle of the funnel of inert gas nozzle 3.

Substrate 14 can be positioned by substrate holder 8, by means
of the workpiece clamping device 9 belonging to the substrate
holder, underneath resonance body 2 of the high frequency
atomising device according to the invention. As denoted here
by the references x, vy, z and r, substrate holder 8 is able to
subject substrate 14 to three different translatory movement
directions x, vy and z, and one rotatory movement r. Substrate

14 can therefore be retained and moved constantly in &



directions x, y and a, a-d one ro..atorJ movomcnt r.. Substrate 14 can

therefore be retal”,ed and moved < nstantly ' n, 28 WO 2005/065843

s'..table position inside the so- a¥Y mist by means of substrate hoIgIgr 8

throughout the coating process. For rnonitori_nc; the oresen- position of

substrate 14 and to vary the position of substrate 1_4 within the spray

mist, substrata holder 8 is controlled by microprocessor 7, for exar_nple,

with which all the processes. and parameters of the device according to

the invention are monitored. In the region inside substrate a controllable

vacuum suction system 10 can be arranged for further spray jet _

conditioning and for sucking off the ovesspray, the associated suction

p‘MﬁﬁW@g@f@ystem is also controlled by microprocessor 7. T_he high

frequericeatomising devicesaceording tse the invention, fs,[%@.\é/gén Oslicubstrare

also compgsesra dnjRgevice s, £,0.8 heatsource which s aranged o, -,
yor Hard n sth%iforr615h0|¥ c%%tbedtsuabtsgrate41 . Drying device 6 ggmpggﬁst,ion s

or example, ajheating system that is Ure}eraﬁﬂﬁcoﬁﬂrqﬁéﬁ%_b? pﬂ )

MittEprotessor 7, Which'systehtis asesmmodated irsathousingz20hopenr 8 is

oiPBhEsidedThevinterior obhousing2C apenfen-onecsigel <3S heusing 16ich a1

afatopising u6id, irleadatuiiban adistable ngd-gasvolumsicllow o .y,

which,is sef, by means of control valve 131, Control valve 13 may in tu

be control ed by microprocessor 7 as a function of all the process

parameters. The inert gas volumetric flow fed to this housing 20 is heated

iAhe BSEng 20bY the heaticm eatsoeirce Ee antld eseapes thyeughdbe e  vacuum
openingrin hopsing 201formeghby pezzle 2% With *f%beaE&P%@ES spray Jet
9:%@1%1@1@%_@)&% eékﬂlé{ CP@EG%HQ%%WO%% C%]ebeoggggb?:gtyf;/\' tt,l’klllg assoclated
%@PQE%FVW%t%éna%?toggich system is also controlled by
microprocessor 7.

The high frequency atomising device according to the
invention, shown in Fig. 1, also comprises a drying device §,
e.g. a heat source, which is arranged to dry or harden the
freshly coated substrate 14. Drying device 6 comprises, for
example, a heating system that is preferably controllable by
microprocessor 7, which system is accommodated in a housing 20
open on one side. The interiocr of housing 20 open on one side,
as housing 16 of atomising unit l, 1s loaded with an
adjustable inert gas volumetric flow which is sert by means of
control wvalve 13. Control valve 13 may 1in turn be controlled
by microprocessor 7 as a function of all the ©process
parameters. The inert gas volumetric flow fed to this housing
20 is heated in housing 20 by the heat from heat source 6, and
escapes through the opening in housing 20 formed by nozzle 21.
With the heat flow thus generated the freshly coated substrate
14 can be dried, but for this purpose 1t would have to be
moved from the position shown in Figure 1 in the direction of
heat source 6. However, it is also possible to align nozzle 21

of heat source 6 so that the film coats freshly cocated on



moved from the position shown in Figure 1. in the direction of near_
source 6. _iowever, is also possible to align nozzle 21 off heat son roe 6
that the film coacs freshly _ sated on WO 2005/065843 substrate 14 are
dried “irnediately afterheir aopii cation to substrate 14, e.q. in the position
shown in Fig. 1. In order to prof.ect the coating process from possible_
cross flows Cr dust, a-:omising unit 1, including housing 16 surrounding
it, drying device 6, vacuum suction system if and of course substrate 14
itself, can be arranged in housing 1l, represented schematically here by
dotted lines. If instead of a drying d_evg)ce 6 based on drying flow, a heat
W%%é@d%%%&? on thermal -radiat'or’weére to be used, such a drying

device 6 based on thermal radiation could of course also be arranged
BUtSiAE Housing P SHAEF dry IRESFesH Ebatett substratetin rousingdLion to
fnapycase it fs nec necessartystop removesubstrate 14 from warkpiece

clamping device 9 of substrate holder 8 in order to dry substrate 14 a~~ _

£Rating;due {g theuse of drying device @, thus avoiding possile damace |
H the coating 8 substrate 14 noc yet drﬁ%d When it IS remo.ve%cffrom ‘

Workpiece clamping devicd 8 FheDeviteidecording t6 tHe vemtion piging 16
Peradapednif certain enibodinientsfor extensivescoat=grabsubstratesiby 0 and
providingse multiplicityrof atamisess inFcaseadefashionand guidingithes i ng 11,
%@%@@&@@ngéh@m&&wywlﬁgPeEV&S?S’d%ftbc_yng‘g%gba” OMISEL cad ot

cagg:ade alongvtlhe ;uQstkr)ates oh a conveying device. Suitablé conveying
€,

T Gae-for Sxample. cORveyof Bits arftthed -kB2Ei §o3qge © based

devices incld _
HasEa TRRAtARFGR e highcrsauency atomisihy devices shiown iy Figevice 6
Az 4gnliketid.theRiga3 alsadshoviea ero,cess temperatwe contrel deYic8rranged

2fcwithconneetad first 23, 23, segend 24 and thcierYZG lemperagure. | coated

' i vice 27 is connected t
sst%tér%g: %%élgs%onrprggggﬁ ntgmf)frat%rne CaC)rr11§/rC|C%% ecei t 1s not necessary to
micropr

remove substrate 14 from workpiece clamping device 9 of
substrate holder 8 in order to dry substrate 14 after coating
due to the use of drying device 6, thus avoiding possible
damage to the coating of substrate 14 not vet dried when it is

removed from workpiece clamping device 9.

The device according to the invention may be adapted in
certain embodiments for extensive coating of substrates by
providing a multiplicity of atomisers in cascade fashion and
guiding the substrates along them on conveying devices, or by
gulding an atomiser cascade along the substrates on a
conveying device. Suitable conveying devices include, for

example, conveyor belts and the like.

Fig. 3 is based essentially on the high frequency atomising
devices shown in Fig. 1. Unlike Fig. 1, Fig. 3 also shows a
process temperature control device 27 with connected first 23,
25, second 24 and third 26 temperature setting device. Process
temperature control device 27 is connected to microprocessor 7
and can receive settings or instructions for settings from

this microprocessor for conditions for a coating process. For



and can r._ceive settings or in iructions for settings from this
microprocessor for cond!.J_icns for a coating process, For - 30 - WO
2005/065843 example, temperature cradienrs of a Coating fluid may
therefore be produced or compensated for in a storage tank 5 and on an
atomising unit 1. Whether a temperature gradient is required or is cc be
prevented depends on the material used as coating fluid or its thermal
characteristic. This enables the behaviour of the coating fluid during
transport or spraying to be suitably i.nf-uenced. The temperature of the
coating fluid in storage tank 5 may be sec by means of firs_t temperature
%sr&ir?\g g{evice 23. As the further first 2&; second 24 and t_hlrd 2_6

Pt ? g?é%é’tting device, this is represented as a heating soi.l.
HowWavet, thist isnalspainderstoad o lincluge otifer heat sowreesgsuchlas d  may
infrared sadiators dieatiexchangershgahpumps etc, Morgoverg allthe. ., s
iempeiatug selling devyiges, can also R§8§§9§° aexéré"‘r%@fgg%%g MOl adient is
coolin‘q{ ig which case ro _Ing units or fans can be used, for examrﬁe.

WHIlSt two first tefnpetatiite RERIFY dE0icEE 23798 16F iffhertiig e L used as
@?ﬁﬁéﬁé&ur@éﬁﬁe%aﬁﬁ@ﬂma%méaého@mhra@t@.@armurﬁbegofeﬁmwes the
teshperature setting<levecesimay hesarrangechalong dhe gistibutionpraving to

system ef the,coeating, fiyid. according to requirements- The distributio_n_
system comprises essentially storage tank 5, precision pump 4, atomising

unit and a tube system which connects storage -..ants 5 -0 precisior_l i
pUMp £ T predisioR pukite4 t6 atomisig unit LiTh particular, capillaby may be
tibe 17 arckresondancelbody Zarpalsor inecraeratedgEaghs ofdhese. as the
elements of the d'isorll utien: systerm capprovided; separatelywith., first oo
tamoerature, setting deyige, The action of the fsmoerature setting devices 1
can be éxerted directlLL. i.e, di ¢..tly 617 t_* coafing fdid>** '

18 also understood to include other heat sources, such as
infrared radiators, heat exchangers, heat pumps etc. Moreover,
all the temperature setting devices can also be used to
extract heat and for cooling, in which case cooling units or
fans can be used, for example.

Whilst two first temperature setting devices 23, 25 for
influencing the temperature of the coating fluid are shown in
Fig. 3, any number of first temperature setting devices may be
arranged along the distribution system of the coating fluid,
according to reguirements. The distribution system comprises
essentially storage tank 5, precision pump 4, atomising unit 1
and a tube system which connects storage tank 5 to precision
pump 4, and precision pump 4 to atomising unit 1. In
particular, capillary tube 17 and resonance body 2 are also
incorporated. Each of these elements of the distribution
system can be Vprovided separately with a first temperature
setting device. The action of the temperature setting devices
can be exerted directly, i.e. directly on the coating fluid.
An example of direct ‘action of first Ctemperature setting
device 23 on the coasting fluid is shown in Fig. 3 1in storage

tank 5.



An examo-o of direct action of first. temperature setting device 23 on the
ccasting fluid is. shown Fig, 3 in storage tan:; _31- WO 2005/065843 A
temperature setting; ev_ce, e.g. i_rst temperature setting device 25, acts
indirectly on the tube between precis -on pump 4 and atomising unit 1._By
varying the temperature of the tube the temperature of the coating ?_:wd
flowing through the tube is influenced indirectly. 3esiaes the influencing
the temperature of the coating fluid by first temperature setting devices 23
and 25, t:e temperature of the inert gas in inert gas feed line 31 can he
set by means of second temperature setting device 24. Since the _
tempered inert gas interacts wc_'ch thélspray mist whilst it. is escaping
f%%%%?foét‘?@“ﬁgozzle 3 and modulates the spray pattern of the spray mist,
the _emperat-.ire of the spray mist which has separated from the

'Zﬁes@é’tﬁ@@gaklﬁgyecage%@gm @g@@@g, The 5qm|q;qr§£L{re t%%\f)%”lg e setting
c&%q;kncgechfgnb%rc%% al§g Cplase%@ l|nfllé%ncte on, th dlsper3|gn b_e E’;lé/(l:oiusrion .
and coating behaviour o= the spray Rlist &n toe Slbstratd *Thid pump
tenipEtatrehay Ao determingthe beriavgictiFef thetssating whent ishe tube
Béing drivee MMbrevver thetthickness ofithelcoating ) patticylarlyrthegh the tube
ceatingsfilos rerethe: substeate; gan be influenced by the temperature

revail-ng in coating chamber 32. =-g. 3a_',' ) shows a dev.ce 29 or

renerating an electrical field. This has two electrodes which are

CSHnettsd to'8 high® VORRAGE Yenbritor S8 RA2 BetfedH thetelectrodelsny fluid
&Y eldctrical fielkeme be yerrera, ted inthie regectcens betweenand 25,  the
atenpisingcune 1andwsibstnaée holdes 9:and thersubstratewdien) s ne 31 can be
set by means of second temperature setting device 24. Since
the tempered inert gas interacts with the spray mist whilst it
is escaping from inert gas nozzle 3 and modulates the spray
pattern of the spray mist, the temperature of the spray mist
which has separated from the resonance body can also be
adapted.

The temperature prevailing in coating chamber 32 also has an
influence on the dispersion behaviour and coating behaviour of
the spray mist on the substrate. This temperature may also
determine the behaviour of the coating when it is being dried.
Moreover, the thickness of the coating, particularly the
coating film, on the substrate, can be influenced by the

Cemperature prevailing in coating chamber 32.

Fig. 3 also shows a device 29 for generating an electrical
field. This has two electrodes which are connected to a high
voltage generator 28 (HV) . Between the electrodes an
electrical field «can be generated in the reglion Dbetween
atomising unit 1 and substrate holder 9 and the substrate when
a sultable voltage is applied. In this case the substrate and,
if applicable, also at least part of substrate holder 9, lie
fully in the electrical field, so that the field acts on the

spray mist when the sprayed particles adhere to the substrate.



a suitable volt-.ace is applied. In this case the subsrate and, if app i cable,
ai_so at Lest part of snbsl.raLe holder 9, | _e fully in the electrical f i.eld,
o |_:hatthei! eld acts on the o+'ay Mist whe:~ So he rayed p"rticies ad
ure t e a stra.-< WO 2005/065843 Whilst the figure shows a _
single-channel structure of the device for generating an electrica}l f eic,a
multi--channel structure is also Ocssible. In. the case of a -nu-'_l-chanr_lel
structure a plurality of devices 29 are provided for generating an electrical
field, each of which separately act'-gated by HV generator- 28. UV
generator 28 has a connection to microprocessor . by which i_t can be
controlled by the microprocessor. In addition to electrostatic fields,
t%%g\pgﬁ%égélféctrical fields, with an intens_ty variable over time or
different frequency patterns, can therefore also be realiged. Similarly to
tineielectrical dield: :a magnatie field canbe, geoerated with deviee 30 far .

ratin agnetic field between atomising device 1 and substrate_,_
%%Ir\c}i%e%vit%f%s%ﬁbs rga%té%%ﬁf}snr%ayage rﬁggeﬁett%%f%ﬁ , i:e-constart oftimet ~channel

varant- e variablé tier fines Thesmodtiatich s carfied ot herenby thie channel
Eif3F giengrators whichuisagornectedfto thie miceaprocessosEomywhieided  for
thenkittd generator receives centrol rsignals. A §g}gle5§ham§(ls structure, LSarately
@I@Qiquyl;hg\pa@&%iga%g@, %though a multi-channel structure is

possible. The magnetic [field can be generated by means of a permanent

magnet or electromagnet. F_g. 3 shows an electromagnet. A - shaped

Eored @ Efetiitecoré s surrewnded hican @eoﬂﬁi@alaguib@rema@r 7 by which
dnderside bbthe omagnet] whichy.,3:the ﬂd%%@@%%w.an%'b%d%tion to
Excited bythe currentflew. gengrals,:.d.hyt eﬁlié%%egae{at%'e@t S oiith an

coil,_maan i.c_leld.i.nes are formed between the pa:alle- _anges o

Comsn 1ty 'Varialbfe over time or different frequency patterns,

can therefore also be realised.

Similarly to the electrical field, a magnetic field can be
generated with device 30 for generating a magnetic field
between atomising device 1 and substrate holder 9, with
substrate. This may be magnetostatic, i.e. constant or time-
variant, 1.e. variable over time. The modulation 1is carried
out here by the LF/HF generator, which is connected to the

microprocessor, from which the LF/H generator receives control
signals.

A single-channel structure is also shown for the magnetic

field, although a multi-channel structure is possible.

The magnetic field can be generated by means of a permanent
magnet or electromagnet. Fig. 3 shows an electromagnet. A U-
shaped core, €.g. a ferrite «core, 1is surrounded by an
electrical coil on the underside of the magnet, which is the
side opposite resonance body 2. Excited by the current flow
generated by the LF/HF generator in the coil, magnetic field
lines are formed between the parallel flanges of the core,

which field lines pass through the space between the flanges



wni<"n r_el.d lines pass through the scac- etween the flanges -33- WO
2005/065843 with a magnetic field. The space between a'comiEing unlit -
and -he substra’e, and if necessary at least pars of substrate folder 9 is
there fore also passed t r'ough. with a nag_netic field. This macnet_c field
influences the spray mist to be moved onto the substrate. Both device 29
for generating an electrical field and device 30 for Generating a :magnetic
field, at leas:. parts thereof, may be located t'her inside housing 11, i.e. in
coating chamber 32 or outside of it. | _ a suitable material is selected for
housing 11, the electrical and magnetic fields may exert their actions _n
housing 11, from outside into ccacing’éhamber 32. If device 29 for
JeHedtidlatielectrical field, as well as device 3C for generating a
magnetic fielgy are tocated fullyToutside:heusing ddethis o@yibeng unit 1 and
adwantageousinderms.ef ¢entagunation of thesejelements, LLOVR: o pcrpqce
YVISE, 34 NEW CLAIMS ﬁahlgq grequenc%/ %torg sLngrdevm;e for .
atomising a ¢ a i.ng fluid and for subs_quen coating of & suldstrate fL4y29netic
having -an atomisiPasE (6 gt chn be'extiecaisto geRerater highnist to be
fregaency vibrationss wesich aimit. atomises the coating fluid supplied to it to
form a spray mist, a positionable substrate holder (8, 9), which retains the
r .4) to e tantly in a position_favourable for coating ,

e etiode Soned comatin A PO NI TR0 oo

generating a magnetic field, at least parts thereof,

may Dbe located either inside housing 11, i.e. in coating

chamber 32 or outside of it. If a suitable material is
selected for housing 11, the electrical and magnetic fields
may exert their actions in housing 11, i.e. from outside into

coating chamber 32.

If device 29 for generating an electrical field, as well as
device 30 for generating a magnetic field, are located fully

outside housing 11, this may Dbe advantageous in terms of
contamination of these elements.



wetted with the spray mist, and at least one drying device (6)_which dries o
the spray mist coat -hen formed on the substrate (-4); wherein the . LLOYD WISE
atomising unit has a trumpet-shaped resonance quy (2), and wherein
the atom- sing is _sing an_t 1, enclosed by a housing (16} open on one
side, wherein. the resonance body (2¥#arranged in the reg.--or- of the
opening of the ".dousing; wherein the housing (16) h_as a qontrollable air or
gas supp-y (31i; wherein the air or gas supply (31) is deS|g.ned as an inert
gas supply (31) for feeding inert gas tp the housing; wherein one of the
openings of the housing (16) has'al ifiér ges nozzle (3), through which
the inert gas supplied via the inert gas supply (31) escapes as a carrier
medium for sprayqet §9@9}%@9@99 g_ftglrﬁisspirraf mldsé'vé gherﬁg\élceaﬁ@mising a
c%&?ﬁ@”%f%i%laign , cpoagacétegsed‘ln that th atomlsm§ u an-be 4
moved relative to the sUbstrate ffﬁﬁ?%h%%@q&%rdﬁn@‘@@@amﬁ or(14),
2, "Eharacterised in that the high frequency atomising de is o comprises
a storage enka(d)farsstoring tthe caati.nefuids Lk OYD WISE 356The . ...
devncj accarding to-any ene at %55'}%&%893 ot %alcé%r'sggi'g th%té%es’és the
;p; frequengcy atgmj _£i§udiea/. SCue cl-perlges a_flrst temperature se -
device 2 0) the firs Iemperaturé)geftlng d&vicé ;’??3)f8é§igﬁeaﬁéf’&dm%l :
temperature 6fthe codting i 5 s1Hé device ateordig to Claimdch retains
character=8Bg insubstrate (14) to be coated constantly in a
position favourable for coating inside the spray
mist, as a result of which the substrate (14) 1is
wetted with the spray mist, and
- at least one drying device (6) which dries the spray
mist coat then formed on the substrate (14);
wherein the atomising wunit (1) has a trumpet-shaped
resonance body (2), and wherein the atomising unit (1) is
enclosed by a housing (16) open on one side, wherein the
resonance body (2) is arranged in the region of the
opening of the housing;
wherein the housing (16) has a controllable air or gas
supply (31);
wherein the air or gas supply (31) is designed as an inert
gas supply (31) for feeding inert gas to the housing;
wherein one of the openings of the housing (16) has an
inert gas nozzle (3}, through which the inert gas supplied
via the inert gas supply (31) escapes as a carrier medium
for spray jet conditioning of the Spray mist.

2. The device according to Claim 1, characterised in

that the atomising unit (1) can be moved relative to the
Substrate (14).

3. The device according to Claim 1 or 2, characterised
in that the high frequency atomising device comprises a

storage tank (5) for storing the coating fluid.



that the first temperature setting device _(23) is arrangeo! in t_he tsr:o:?ﬁ: oY e
tank (5). 6. The device according to Claire. 4, characterlgeq in ‘ta-1) - N D WISE
first temperature setting devic? ((:ZIS) form?d6onc;t1r;er£fer:i1;se|g%nu?r:a,t tHe
ice according to any one o alms_pj’L_ to 6, _

g%\ﬂcf?equency gtomising device com r?ses at Iegst one d(lavutsg g_lgfi)efl(c);lris

generating an electrical field, wherem for generating an e ec r|curlit 0

designed _o generate an electrical field between the atomlglng n

and at 'east one part of the substrat(_—:' hoIder (9). 8. The device ac g

to any one of Claims to 7, characterised in tha_t the high frequenC}én .

atomising comprises at e de-rice - n one d_ewce (301 fo_r g{cgr:gr_z g

mdgnet_c field, wherein the d e fo_r generating a magnetl_c_ ie Init (1) and

designea to generate a magnetic field between nhe atomlsmg u (1) ar

at. least one ca. _ of he substrate hplder_; a? oThe glewce. acco in? r

any one of Slaims 7 to 8, characterised in t(;a- the hi frequency a_-r? r.g

dévice LLOYIS WISE 186 acomprises a seconghtermperatyre sening. o 5
Chevicet@4)swhereim  that the ny gh frequency

atomising device
comprises a first temper

A

ature setting device

¢

(23, 25}, wherein
the firgt temperature setting device (23, 25)

1s designed to
adapt a temperature of the coating fluid.

5. The device according to Claim 4, characterised in

that the first temperature setting device (23)

1s arranged in
the storage tank (5).

6. The device according to Claim 4, characterised in

that the first temperature setting device (25) is formed on

the atomising unit (1).

7. The device according to any one of Claims 1 to 6,

Characterised in that the high frequency atomising device

comprises at least one device (29) for generating an

electrical field, wherein the device for generating an

electrical field is designed to generate an electrical field

between the atomisihg unit (1) and at least one part of the
Substrate holder {9).

8. The device according to any one of Claims 1 to 7,

Characterised in that the high frequency atomising device

comprises at least one device (30) for generating a magnetic

field, wherein the device for generating a magnetic field is

designed to generate a magnetic field between the atomising

unit (1) and at least one part of the substrate holder (9.

9. The device according to any one of Claims 1 to 8

4
characterised in that the high frequency atomising device



the second temperature setting 1, ce '29; is designed to adapt a

temperature of the inert gas. 1C. The device according tc Claim 9, LLOYD wisE
characterized ih that the second temperature setting device (24) formed

on and/or in the inert gas supply ,3 ) 11. The device according to any one

of CLaLms 1to ',C characterised in thafthe inert gas nozzle (3) can be

set 1- order to vary the dispersal of the spray mist jail within. the range of

0 to 180. -2. The device according to an one of the preceding claims,

characterised in that the substrate (14) to be costae can be positioned by

means of the positfonable substrate holder 4, 9) inside the spray ";e:. 13.

The device according toC_aim 27, characterised in that the substrate

holder (8, 9) is suitacle for imparting to the substrate (14 six different a

Degrees of freedom of movement. 14. The device according '_o any one
C%gT'fhlgipgg(S:eding claims, characterised in that the crying device (6)

compiises aheafsotirte, FrBRTaBIy & Reating systemiwhichds - by a yherein
tﬁ@atiﬁ@ﬁ%ﬁ%ingt(fzmecxﬁemoa one sidenwheseinithe heating hausing 10 e )
dvasa controliablesinertgas supply:for gengrating a hot air flow. LLOYD o

WISE -37 lo. The, device according 0 an character-;es, in that d on" of

._%%ﬂS]IOJE%e device according to Claim 9, <characterised in

that the second temperature setting device (24) is formed on

and/or in the inert gas supply (31}

: . , ‘
11. The device according to any one of Claims 1 to 10
‘ | 4 L 4 [ LUy,
Characterised in that the inert gas nozzle (3)
order to vary the dispersal of the

range of 0° to 180°.

can be set in

Spray mist jet within the

12. The device according to any one of the preceding

claims, characterised in that the substrate (14) to be coated
e

can be positioned by means of the positionable substrate
holder (8, 9) inside the spray det.

13. ice c i '
The device according to Claim 27, characterised in

T
hat the substrate holder (8, 9) is suitable for imparting to

the substrate (14} six different degrees of freedom of
movement.

14. The device according to any one of the preceding

claims, characterised in that the drying device (6) comprises

a
heat source, preferably a heating system which is enclosed
: ( | i <
Y @ heating housing (20) OPen on one side, wherein the
heating housing (20) has a controllable inert

generating a hot air flow.

gas supply for



device M ccmpr_ise a infrared '.eat source. its drrin__ de ;G,Jhetg:tlfﬁe
according any Of one c, the preceding CLaImS’ Ch?glcazﬁlnesgué?ion Clvice LLOYDWISE
' i ~ i Iso has a contr
high frequency atomisrnc,~ device a o
i d for further s ray let condi 9,
ot for sucking off the overspray an _ _ haractorised
i i f thedpreceding claims, cha |
The device according to any one O _ e i
i i i bstra-e holder (g;~ 6i, the the su
in ghat Oe drying device su h {1l and the inert gas supply. for
the atomising unit (li and the gas
(1S) for off the overspray, | on for achieving an
j itioni d for hot air flow generat-on .
spray Jet conditioning an i rammable control unit. 18
i coating re"u--, are con roiled by a prog _ _ _
'(I)'ﬁgrglér\?ice accgrding to any one of the prece(dlngbclalrtr;sh glr:jaerraézotegied in
isi iti itionable (" substra ,
that at least the atomising uniti 00 i ). 16 The
' [ ded by a housing (11). 19. :
and - she sucrion device (10) are surrounde g device (6) s
[ i [ d in that the drying devic
according to Vaim 18, characterise ' ‘ )
gles\g%se'}urrounagagbdﬁ‘i}.c‘? the-lhousing 20t T hefd)evkageacgqrdglgatﬂngahm o 13,
YESETS Srarerise6n  that the drying device (g comprise
infrared heat source.

an

1le6. The device according to any one of the

preceding
claims, characterised in that the high

frequency atomising
device also has a controllable suction device

(10 for sucking
off the overspray and for further Spray Jjet

conditioning.
17. The device according to any one of the Preceding
claims, characterised in that the drying device {6), the
substrate holder (8), the suction device (10) for sucking off

the Ooverspray, the atomising unit (1) and the inert gas supply

for spray Jet conditioning and for hot air flow deneration for

achieving an optimum coating result, are
bProgrammable control unit.

controlled by a

18. The device according to any one of the

preceding
claims, characterised in that at least

the atomising unit (1)
the positionable substrate holder (8, 9

4

and the suction
device (10) are surrounded by a housing (11 .

19. The device according to Claim 18,
that the drying device (6)

characterised in

is also surrounded by the housing
/'3'11\
CLl) .

20. The device according to Claim 18 or 19, characteriseq

in that the housing (11) forms a coating chamber (32) ,wherein

the high frequency atomising device comprises a third

- temperature setting device (267, and  wherein the third

etting device (26) 1is designed to adapt a

temperature s
temperature of the coating chamber (32 .



that the housing (11) forms a coating chamber (3? o- hc-icin the nigh
frequency atoms ;n n device comprises a ~, temperature s.., chi_a ~~ti | yvp wise
ng device a 26), and wherein the chord itnereture SakEtltlq device .-bi is d.
s1Cnf'o. to adapt mpera’_re.t_aco__nc _tmL:or LLOYD WISE 38 21
The device according to claim 20, charaéterised in that the high frequency
atomising device comprises a process temparature control device (27)
wherein the process temperature contra- device (27) controls one of the
first (23, 25) to third (26) temperate-e setting device so that conditions
that can be predetermined for a coating process, prevail An application of
a high frequency atomising device according to any one the preceding
claims for single or multiple coating of substrates with a homogeneous
coating 1 nm to _ mm thick.

21. The device according to Claim 20, Characterised in

that the high frequency atomising device comprises a process

Temperature control device (27} ,wherein the process
temperature control device (27) controls one of the first (23,
25) to third (26) temperature setting device so fhat
conditions that can be predetermined for a

prevail.

coating process

22. An application of a high freguency atomising device

accordin to an on £+ e : - .
g Y € of the preceding claims for single or

R e . .
Mu.tiple coating of substrates with a homogeneous coating 1 nm

to 1 mm thick.



