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coated pieces from the powder application area to the curing oven where the
20  powder is melted and forms a continuous film on the substrate. The conductivity
of metal substrates is important for the success of powder coatings.

The use of powder coatings to coat non-metallic substrates is
environmentally advantageous in order to reduce VOC (volatile organic
compound) emissions and coating waste. However, the application onto

25  essentially non-conductive substrates is much more difficult to accomplish than
. ohto metallic substrates. The surface conductivity of most non-metallic materials
- like wood composite materials or plastics is not sufficient to allow efficient
grounding of the substrate. Powder deposition on these substrates is therefore not
assisted by electrostatic attraction that often results in uneven powder deposition
30 and poor adhesion of the powder to the substrate prior to curing of the applied
powder coating.

Different routes have been explored in the past to overcome this

problem. ‘
_ The article “Powder Coatings of Wood based Substrates” (H. Bauch,
35 JOT 1998, Vol.10, p. 40ff) describes the pre-treatment with a liquid conductive
primer prior to the application of powder. This primer increases the surface
conductivity sufficiently to allow an electrostatic deposition of a powder topcoat.
This process, however, requires an additional coating step, possibly with
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D fferent routes have been explored in the past to overcone this problem
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‘primer priwooveiehe application of powder. This primer i pCT/Es®EERsEhe
surface conductivity sufficiently to allow an el ectrostatic deposition of
a powder t opc#dermedipty sanding betwsen prisers epplicatienanidrtespamiendaiiting praésscoat i ng

step, possi bl yhaphdds sﬂgni&!éa@t%ét&&&%o@&ﬂl%@&{ & internedi ate sanding
bet ween primer appli Ci‘l‘b on and..t.he ovvder?.]g at i n process t hat adds

significant cost to t 89@?%TIP°1‘88 5 RIGPYS sPé‘e' PHMENOTEBe article ot her
proposal s §or conductivessubsteates apf supgasted smmma&mgﬂmrmﬁmdmlmtﬁbﬂgeﬁ ed

such as i ncregsy ﬂ%ﬂ%ﬁ%@d’ﬁé @ﬁ'cg%ﬁml s \)82}5%/ (?Xlsmgl 0I 1%&9' gh

frequency alterna volta curing

powder coats WFUHRRVISHPIET Esuff?‘%ﬂaﬁrﬁﬂﬁ‘ﬁ tmenty rpéwmaratcegefco get
uni f orm coat i ng1§oma¢dat1ngd ;mrtic)alaﬂp forsmmﬁxmktra&wmﬁ k@b 5in D&inkOwaRt ai n
coati ngs W|th rrattlng propertles 10 DE-A
19533858 descr| bes %ﬁﬂ&hggﬂegﬁr ttﬂ]%\Il}jlﬁ}flgl'“:ﬂ[)oar ds with mcrowaves prior to
the applid8tion of a Pﬁﬂ 95%38§¥ ¢96tibep the preheatingofddDF haards wish i cr onave
hea]'E i ng r](cas'ltjlhh:ﬁcrbﬂraﬁest;@lﬁ‘ﬁ)Wtﬁé @ph%ﬁﬁ@ﬁ@p?@d&@@atﬂi@' fttlyB?leQWH%ﬁ%e on E Ee
surface o e e surface resjstiyvi wever , e
heating of %ﬁ%&%%ﬁ%ﬂ#‘%@%@%&nm eiﬁli‘ T)%Cso nfegt i nsi ve and
it is diffi culs acggfth@ MBE avhishireduces/tbmsurfise rasigtivity. dlteven igdeathigect s Wi t h
m crowaves. Agp bRIcRABS MDR | rface of
labf o MD BbardPRitPRERowaRS s ﬁf&@fv@%@fl id difficalt

non- metallic substr prior.to c to I ncrease surface
conduct i vh% af‘;ﬁgmB %’o‘?@%‘?ﬂ“ﬁ‘ﬁﬁﬁ‘ﬂ RS OISV °Ff§"af"5§‘rrat i on of water
vapor under the powd e Anothet prociss thatchas beenmséd isspraying thegufaceaf asn-causi ng
porosity and mem@ﬁ%tesaﬁma rBFtoc‘%QQx{l) méfébg YoheBceadd éﬁ&wr%m et hod

consi sts of expos a . con CI|ve str e W00 osites or
natural wood H’E"@peﬁe‘glqggﬂﬂap?ﬁ)é Wﬂﬁmt MH@F ugger heiprwderot
surface. EP- Aﬁﬁﬁaﬂmﬁgﬁlamelmfglmn@pxtiesscadsﬁgpbi‘u&tyuﬁﬁao@fpwddfa red radiation
to pre-hegy thapard- The powder is then applied to the 25 board having a
particul ar surtace tenperature (e.g. 55C). This process has the

di sadvant age t hat t heABAGERKISI PretTesiasm snethad consignofrFpoting anasd
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use of infra red radiation to pre-heat the board. The powder is then applied to the
25  board having a particular surface temperature (e.g. 55°C). This process has the
' i disadvantage that:the edges of the boards are often not covered sufficiently due to
' heat loss.

The novel process of this invention overcomes the aforementioned
deficiencies of the prior art processes.
30
Summary of the Invention
This invention is directed to a process for the application of powder
coatings to a non-conductive substrate by first treating the substrate with sieam
and heat prior to the electrostatic application of a powder coating. This simple
35  and reliable pre-treatment method allows for the efficient application of powder
coatings to non-conductive substrates with even deposition over the whole surface
including edges and with no adverse effects on the subsequent curing of the
powder film.



30 Summary of the Invention This invention is directed to a process for the
application of powler coatings to a non-conductive substrate by first
treating the substrate with steam and heat prior to the electrostatic

‘appl i cat i owoakiaepowder coating. This sinple 35 and reli ablr@sprsasdsr eat nent
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invention is placed into a Re Above
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It is also possible to apply high pressure steam at a suitable
temperature to adjust the temperature to the desired value. The steam treatment
can also be accomplished by passing the pieces to be coated in front of steam
25  nozzles which are designed to cover the total surface area of the pieces evenly.
After the steam and heat pre-treatment, a powder coating is applied to
the substrate that is grounded. The temperature of the substrate surface during the
powder application can be between room temperature and 90°C. It is preferred to
apply the powder at a temperature below the glass transition temperature of the
30  powder coating material. Typical powder coating glass transition temperatures
are between 45 and 70°C.
' . After the steam and heat pre-treatment and before powder application
to the substrate surface, a stabilization period between 5 seconds and up to 5
minutes is preferred, for example a period of 30 seconds to 1 minute.

_.
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35 The powder coating material used for the process according to the
invention can be any thermal curing or radiation curing powder that is suitable for
the substrate in question, comprising the known powder binders, cross-linking
agents, pigments and/or additives. The resulting coating can be for instance a
smooth finish, a textured finish or a metallic effect.
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powder application can be between roomtenperature and 90C. It is preferred
to apply the powder at a tenperature below the glass transition
tenperature of the 30 powder coating material. Typical powder coating gl ass
transiti onwoemperwat ures are between 45 and 70C. After teTaisessmssnd heat
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25  power qualities.

The steam plus heat pre-treatment allows an even application of
powders on all parts of the substrate including mouldings, sharp edges or edges of
holes. The pre-treatment does not interfere with the subsequent melting of the
powder layer and the curing process. Essentially defect free coatings with a good

30  quality are obtained.

The following examples further demonstrate the process of this
invention. In each of the following examples, an epoxy polyester powder coating
was used and applied by Corona applications using conventional applications
conditions and the substrate to which the powder was applied was grounded.

35 '

Examples
Example 1
A MDF board of 6 mm thickness was conditioned by being passed
through a chamber where it was exposed to steam and circulated air heated to
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25 power qualities. The steam plus heat pre-treatnent allows an even
application of. powders on all parts of the substrate including noul dings,
sharp edges or edges of holes. The pre-treatnent does not interfere with
‘the subsegwentuarei ting of the powder |ayer and the curi por/PSABERS -
Essentially defect free coatings with a good 30 quality are obtained. The
fol | owi ng exaBPiG forfane miiute.dAftenesiting the chivebertiectemsl wis [t ksstabiliaesot i on. 1 n

each of the f ' : . ' was used.
and appl i ed bz‘%%%‘ﬂgb%“??%%%g%@gﬁ‘%? 4 B YRRl FUREE pRORAR,

conditi ons antPFhEUL hERPICAIORYAS Froeent inslding Tl sovesgasiof the braxd gr ounded.
35 Exanpl eS Exdgeland Wrap dvblindlio the dead bf the Board.ni ckness was condi ti oned by

bei ng passed through a chanber where it was exposed to steam and
circulated air heated to -4 WO 02/42167 PCT/USO /51386 80C, for one mnute.:
After exitingExampleRanber the board was left to stabilize for one ninute

before powdgr mgoatingrt\msihegpiacewmw@ﬂﬁém” wbgwafeu%ﬂﬁggmlémﬁﬁﬁé&%% atin .
spray gun. Po r pcati on was exc t inc i.0 ull coverage o e
board 5 edge?‘%ﬂ‘gﬁgﬁ%ﬁgﬁﬁg‘%%é%?%:ﬁo%‘#r?@cﬁ%g‘r‘ﬁ?s@%%l e 2 Anot her
pi ece of ffe paticulboimgs netpossiie wachipve dozeregmen the pdges obihe boartlfdndut t he
steam heat CORghd iBEhd\WasTiA@R, Powder application was poor, in 10
particular it was not possible to achieve coverage on the edges of the

board, and wap around was limted. Exanple 3 Another piece of the sane
board was preEgampld by infrared radiation 15 to a surface tenperature of

80C, then powder coat M ] did not
adhere to [I;he edge oj?‘%? grlggéa%gﬁwlgx&gﬁagd p%gteg}?%?é%%g{agpﬁensi onal
box neasurl? ngt®d B tempernture ot $XC.Hsnvomdercoated agabove sikiey | mgated wi t hout
any condi t i onThg powddridéd hovadirnetoahesalgesasfdtidardoox, descri bed above, was
powder coated after preheating of the box in a convection oven for 5

m nutes at 130C. In both cases, penetration of the powder coating into the
corners of thEXHEREL was poor with significant areas uncoated. 25 Exanple 5

A pre-assembled 3-dimensional box measuring 300x150 mm of 15
20 mm MDF boards was powder coated without any conditioning of the box and also
another box, described above, was powder coated after preheating of the box in a

convection oven for 5 minutes at 130°C. In both cases, penetration of the powder
coating into the corners of the boxes was poor with significant areas uncoated.

25 Example 5 '
A box as described in Example 4 was passed through a chamber

where it was exposed to steam and heat at 85°C for one minute. After removal
from the chamber and stabilization for one minute, it was powder coated as above;
this time, the application of powder was excellent with full coverage internally

30 and externally.



A box as described in Exanple 4 was passed through a chanber where it was
exposed to steam and heat at 85C for one mnute. After renoval fromthe
chanber and stabilization for one minute, it was powder coated as above;
this timeWOBX42a¢pl i cati on of powder was excel |l ent w th Pei/Usasymsage
internally 30 n.d externally. 5 WD 02/42167 PCT/US01/51386 Clains 1. A
process for t lication of a powler coating to a non-conductive

substrate, whilch conpwls‘;e@sgfoem&laﬂgmaﬂi&ﬂr @g@r&guﬂma%ﬁ_ bR Glive
substrate 5 Wﬁl{}u-ﬁttee@g? gnd heat h nper.at u%ﬁ_‘% bet we n 7OC a 140C for a
time peri od &h S 0R n%gle Giags of fligmprico gHient | y

appl yi ng adpo caémdlhnqabvnmﬁa@r%(bﬁwsma@ﬁ&ansldﬂa‘iﬂfwaamelpematll on of the
powder coat i NGetwlen 38&oRILCHATS tANTRINH st eam and
heat 10 terrper%&grbes a&e bssﬂy\zeen BOCteggrcli&%ggééﬂg%ﬁgjapﬁ@ﬁ{%edn@v%de}r?l od is
between 5 sefB 317G exgC Spraying a oxidersagting to claim 1
wherein there is a stabilization period betvveen t he steam and heat

treat ment and,t he sub f the s rate surface.
4. The pr ocesg accor d?ﬁgmg&sP&Mﬁ%tﬁ%?% c%%“@’fﬁ%ﬂlla?‘i??%n period is
bet ween 5 Qec&mrmésﬁﬁbﬁ%ve@m?@%@m g theTtiae parisddssketwesndt di ng to cl ai m
3 wherei n t hesédoady dndzahinates.peri od is between 30 seconds and up to 1

m nutes. 6. The process according to claim1 wherein the substrate to be

treated is placed into a saturated atnosphere of steam followed by
circul ated ho- air. 2Bheypromseaqsprdingda claire bmdierein thereds astabilizationr ei n t he

temperature Oi)eﬁdlﬂoetﬁw%&hd’ Sédath ﬁd%@ﬁ%a@d&hﬁﬁﬁtﬁ@ﬁb%‘gﬂﬁ oRB8H dotifid ON 1S
mai nt ai ne betgrgsﬁu?sﬁg errperature and 90C. 30 . 'S 'Phe process accordi ng

to claim Srature of the substrate surface during the
application of the povvder coating is between 45 and 70C and bel ow t he

gl ass transitiyon tenpehdpidbds Meoldiify tHOMBES wheakid MY stabilization period is

between 5 seconds and up to 5 minutes.

20 5. The process according to claim 3 wherein the stabilization period is
between 30 seconds and up to 1 minutes.

6. The process according to claim 1 wherein the substrate to be treated is

placed into a saturated atmosphere of steam followed by circulated hot air.

25 ' | |
7. The process according to claim 1 wherein the temperature of the
substrate surface during the powder application is maintained between room
temperature and 90°C.

30 . 8 The process according to claim 1 wherein the temperature of the
substrate surface during the application of the powder coating is between 45 and
70°C and below the glass transition temperature of the powder coating.



