L. .5 A process for preparing weather-resistant powder coatings The
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wide range of applications when coating metals due to the high economic viability
of the process and the favourable assessment from the point of view of protecting the
environment. Numerous powder coating formulations have been developed for
different areas of use. For coatings which are subject to UV irradiation, for example
15 those exposed to outdoor conditions (architectural paint, window profiles, garage
doors, metal doors, garden furniture, car parts, etc.), stable powder coating systems,
for example based on polyester resins with terminal carboxyl groups, have been
developed. The polyester resins are generally cured with low molecular weight,
high-functional cross-linking agents such as polyfunctional epoxides or

20 hydroxyalkylamides.

Exterior weather-resistant powder coatings based on polyesters which are based on
aromatic carboxylic acids such as terephthalic acid or isophthalic acid have been
known and used for some time. Powder coatings which are based on these polyester
25 resins are cost-effective to prepare and the coatings have good mechanical properties
and a resistance to weathering which is adequete for many applications, in particular
in regions with moderate climatic conditions. These types of powder coating systems

are cured on the substrate using known, conventional, methods.



coating systens. For exanple, attenpts have been nmade to inprove the

Wweat her- resistance of powder coatings by the use of polyester resins which
are built up exclusively or mainly fromaliphatic and/ or cycloaliphatic
conponents. These 5 pol yester resins are described, for exanple, in USPS
-5,486,988 and in EP 0 561 102. Although powder coatings prepared from

t hése resins show i nproved weat her- resistance, they have substantially
poorer nechani cal properties and much higher raw materials costs than the
systens based on aromatic carboxylic acids nti oned abpove..10 Therefore,
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anopunts, sot o the anpbunts of all the constituents add up to 100 wt. %

The pol yesters have a nunber average nol ecul ar wei ght M of, for exanple,
500 to 10 '

Therefore, there is the object of providing cost-effective powder coating coatings
which do not have the disadvantages described above. In particular, the powder
coatings should satisfy demands for increased weather-resistance so that they can
also be used, for example, in regions with extreme climatic conditions without

15 deterioration of the coatings.

This object can be achieved by a process in which powder coating coatings based on
polyester resins which contain aromatic dicarboxylic acids, their anhydrides and/or
esters as essential constituents, and which are cross-linked with low molecular

20 weight, polyfunctional epoxide resins, are cured by the use of radiation in the near

infra-red region (NIR).

The powder coating compositions may contain, for example, 40 to 95 wt.% of
polyester and 1 to 20 wt.% of the low molecular weight, polyfunctional epoxide
25 resins, wherein other conventional constituents may also be present in conventional

amounts, so that the amounts of all the constituents add up to 100 wt.%.

The polyesters have a number average molecular weight Mn of, for example, 500 to
10 000 and a glaés transition temperature of, for example, 30 to 80°C.

30



10.000 and a glass transition tenperature of, for exanple, 30 to 80C. 30 3
_The pol yesters may contain hydroxyl and/or carboxyl functions, wherein if
this type of functionalisation is present the OH value may be, for
exanmple, 10 to 200 and the acid value nmay be, for exanmple, 10 to 200. 5
-The NIR radi ation used according to t invention is short-wave infra-red
radiation wth an intensity maxi numin the wavel ength range from about 760
to about 1500 nanonetres, preferably 780 to 1200 nanonetres. The use of
NIR radiation to dry |acquers is generally known (Kai Bar, JOT 2/98).
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Surprisingly, it was found that powder coatings based on polyester resins
which contain aromatic dicarboxylic acids such as terephthalic acid or isophthalic
acid, their anhy_drides and/or esters as essential structural blocks, together with low

15 molecular weight, polyfunctional epoxides as cross-linking agents, when cured with
NIR radiation, have a weather-resistance which is much greater than the resistance
usually produced with such resin systems which have been cured in a conventional
process, for example in a circulating air oven. The mechanical properties such as e.g.
the flexibility of the coating, are of at least the same quality as are produced by

20 conventional curing. In addition, NIR curing eﬂables a substantial shortening of the

curing time as compared with conventional oven curing.

Powder coating formulations which can be used in the process according to the
invention have, as the basis of the binder, hydroxyl and or carboxyl-fuhctional

25 polyesters which contain, as the only or main constituent of the acid structural
blocks, aromatic dicarboxylic acids, their anhydrides and/or esters such as, for
example, terephthalic acid or isophthalic acid, which are reacted with conventional
aliphatic diols such as, for example, neopentyl glycol, ethylene glycol, butylene
glycol, hexanediol or diethylene glycol or cyclohexanedimethanol. Examples of

30 other aromatic dicarboxylic acids are naphthaline-2-6-dicarboxylic acid,



25 . pol yesters which contain, as the only or main constituent of the acid
~structural blocks; aromatic dicarboxylic acids, their anhydrides and/or
esters such as, for exanple, terephthalic acid or isophthalic acid, which
are reacted with conventional aliphatic diols such as, for exanple,

_hegpentyl gl ycol, ethylene glycol, bugylene gl ycol , hexanedi ol or
di et hyl ene gl ycol or cyclohexanedlnethanol Exanpl es of 30 other aromatic.

di carboxylic acids are naphthaline-2-6-dicarboxylic acid, 4
napht hal i ne- 1, 5-di carboxylic acid and phthalic acid. Carboxyl-functlonal_
pol yesters mqﬁhﬁausemembmid awidandiptathalici asish Klartzxiy b funstiana polyestiers

anhydri des are preferably wused. 5 An acid const.it W th 9
of aromatic bnsc@pn@scymhthalmc&aannhthqhésaﬁ@ar tﬁear ?rﬁgﬁafigsaqrgg ?ﬁaB hgln d50 &
fraction in the polyester is preferred, particularly preferably an acid
constltuent_Hﬁ h nore than 50 wt. % of terephthalic acid and/or isophthalic
acid or their anhydrides and/or esters. 10 Aliphatic and/or cycloaliphatic
di carboxylic acids such as, for exanple, adipic

cycl oheﬁanedﬁmacmsilmeml@ moee Bar P8 Yarf ?OH@EB%%IC’%W‘%? agidh vt uent s,
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contain smal [ amounts of polyfunctional 15 branching agents such as, for

exanpl e, gIyagmb&mb¢amdnnﬁ&hymby¢mhpan@baﬁﬁﬂadd|tlves such as, for
exanpl e, accelerators. It is also possible to use mxtures of di fferent
pol yesters. Pol yesters which nay be used according to the invention may be
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"The Science o@f:yﬂ@ldﬁe.ﬁedlcarboxyhc acid are optionally used as minor constituents, wherein
the proportion of aliphatic and/or cycloaliphatic dicarboxylic acids is not more than
50 %, with respect to the dicarboxylic acid fraction in the polyester. As other
components, the polyester resins may contain small amounts of polyfunctional

15 branching agents such as, for example, giycerol or trimethylolpropane and additives

such as, for example, accelerators. It is also possible to use mixtures of different
polyesters. Polyesters which may be used according to the invention may be
prepared conventionally by reacting the dicarboxylic acids, their anhydrides and/or

esters with the diols; see, for example, D.A. Bates, "The Science of Powder

20 Coatings", vol. 1 and 2, Gardiner House, London, 1990.

Powder coating formulations which are suitable for use in the process according to
the invention contain the amount of low molécular weight, polyfunctional epoxides,
as a cross-linking component, required for curing. The amount is generally 1 to

25 20 wt.%, with respect to the polyester/epoxide system. Triglycidyl isocyanurate
(TGIC), polyglycidyl esters based on terephthalic acid/trimellitic acid (obtainable
e.g. from Ciba Spezialititen Chemie under the tradename Araldite® PT 910), |
polyfunctional aliphaﬁc oxirane compounds such as are provided, for example, by
the company DSM Resins under the tradename Uranox®, or glycidyl-functionalised

30 (meth)acrylate copolymers, for example, can be used as cross-linking agents.



20.Coatings", vol. 1 and 2, Gardiner House, London, 1990. Powder coating
formul ati ons ‘which are suitable for use in the process according to the
invention contain the anmount of |ow nol ecul ar wei ght, pol yfunctional

epoxi des, as a cross-linking conponent, required for curing. The amount is
-generally 1 to 25 20 wt.% with respecy to the polyester/epoxide system
Triglycidyl isocyanurate (TA C), polyglycidyl esters based on terephthalic
acid/trinellitic acid (obtainable e.g. fromC ba Spezialitaten Chenie
under the tradenane Araldi te(r{ PT 910), . polyfunctional, ali Qh tj.c oxirane
conpounds su€he pewderecogting foeylatipps, cer@mingpolyssteriand cpeffe P *'DE B8si ns
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and 0.02 to conventional additives are used. Powder coats
according to the invention are prepared by known extrusion/mlling rmethods

which are familiar to a persgn skilled i.n the art. Oher processes.. may al so
10 be usod, POMAENERN o MRSETGRE PSSR 5 FREREF T KBRLEXHRg ORI
supercritical t . ' s¢ RERSSmal Alsh he
process accormlﬁ‘gg&ét%ﬁplli%reﬁ%ﬁel%itgﬁ?eﬁﬁﬂgggg%gfrﬁggﬁgfg&greggi bedmg 0\§e are
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processes, for 15 exanple by an electrostatic spray process, and are then
mel ted and cwréee Rpn-aqueous dispersion process.

In the process according to the invention, the powder coats  described above are
applied to the substrates to be coated by known powder application processes, for

15 example by an electrostatic spray process, and are then melted and cured by
irradiation with NIR radiation which has, for example, a maximum in intensity
distribution in the region 800 to 1200 nm, within a period of, for example, 1 to 200
seconds, preferably 1 to 30 seconds. Radiation elements suitable for the coating
process according to the invention are commercially available, for example, from the

20 Industrie SerVis Co.; for example, halogen lamps which reach a radiation element
temperature of 3500 K may be used. A combination with conventional sources of
heat (infra-red radiation, convection ovens) and optionally with additional

reflector/lens systems may also be used.

25 Curing is preferably performed using NIR radiation without additional

combinations.

Coatings obtained by the process according to the invention have exceptional flow

characteristics, good mechanical properties and a greatly improved weather-



ircradiation with NIR radi ati on which has, for exanple, a maximumin
intensity dirstribution in the region 800 to 1200 nm w thin a period of,
for exanple, | to 200 seconds, preferably |I to 30 seconds. Radiation
~ elenents suitable for the coating process according to the. invention are
.commercially available, for exanple, f6r omthe 20 Industrie SerVis Co.; for
exanpl e, hal ogen | anps which reach a radiation elenent tenperature of 3500
K may be used. A conbination with conventional sources of heat (infra-red
radi ati on, convection ovens) and optionally with additional A reflector/lens
systens nay alskanbe asisenpar@bwith comgntisnailyefusedipiwdes spatinganatings bagedpr
radi ati on wit hout additional conbinations. Coatings obtained by the
process accothigisagetrss®he i nventi on have exceptional flow characteristics,
good nechani cal properties and a greatly inproved weather 6 resistance as
conpared with conventionally cured powder coating coatings based on the
sane resins. ThEecquieddegde dEgoseofahe phodea cohtingheanhevwdgustasidyt vanging dite be
adjusted by varying the 5 powder coating fornulatjon. It is ssi.hle to
pr oduce Sei t hepwHgngvating fsmytationsi 1%1quklbler‘PrPF%4\1°8F1df‘f%fg‘t‘g}?félé‘F§ H’S@?e ?—‘ﬁ\/\u er
coatings obtained b he..process according to the invention may be used for
all applicat ?ﬁf?%‘iﬁcwg%%er-resi stance is required. Metals such as
alum nium 10 steel or el se wood-based materials such as e.g. nedium
density fibreboard (MDF) or mxtures of different materials nmay be_used as
substrates. Dowdencaatipggoltdinedrby Hearoedss pecopding fethe Iyengap may heaised e

flexibility of the coatings obtained, the roc i .cularly
suitable for a@@@?l‘ﬁ’élo&%ngﬁrwﬁ}éefiﬁséﬁt%eﬁfa{egfnge(?%}Er)é.Sﬁé}?gs Hffnbdifit,
10 steel or else wood-based materials such as e.g. medium density fibreboard (MDF) or
mixtures of different materials may be used as substrates. Due to the good
mechanical properties, in particular the flexibility of the coatings obtained, the

process is also particularly suitable for coating coil or pre-coated metals (PCMs).
15 The process according to the invention enables the economically viable preparation
of exterior weather-resistant powder coatings with exceptional properties by using

cost-effective raw materials and a clear reduction in the curing time.

The following examples explain the invention:

20
Preparing the powder coatings
The powder coating formulations listed in the table were converted into coating
powders by the process conventionally used for powder coating preparation, by
25 intensive mixing of the components, extruding and milling.

The powders were applied electrostatically with the same layer thickness to test
sheets of aluminium, with the aid of a Corona powder spray-gun.
Curing, using the process according to the invention, took place in a strip unit which

was provided with a 500 W NIR radiation element from the Industrie SerVis Co., at



15.The process according to the invention enables the econom cally viable
preparation 'of exterior weather-resistant powder coatings wth exceptional
" properties by using cost-effective raw materials and a clear reduction in
the curing time. The followi ng exanpl es explain the invention: 20
~Preparing the powder coatings The powder coating fornulations listed in the
table were converted into coating podeers by the process conventionally
used for powder coating preparation, by 25 intensive mxing of the
conponents, extruding and mlling. The powders were applied

el ectrost at i £abi& pek bflit bR cFaDe ke Thdueingeisestwere 6stconslh éwtexample 1,
alumnium wth the aid of a Corona powder spray-gun. Curjng, usi 'f% t he
process accolt2if seronds farexampler?, il dsecongdpior srample;3and %%CFP?ASJ% £ #  was
provided with a 500 WNIR r.adi.ati.on el e i r-Mhs Co.,
at 7 a powetUpes Wﬁ?‘lp‘fr’y%‘ai Vg i%pal?fﬁ %@pﬁ:ﬁ‘feg%%%ﬂ]ngle# ?ﬂ%@%?’é‘gﬁ‘ %{gconds
for exanple {. Sug%rage_seconds for exanple 2, 15 seconds for exanple 3 and 8
seconds for exanple 4. Curing was perforned with a distance of 50 nm

bet weenst he etk ahsearf tied eoveperisam éxarpies, sudhsanmpdgsevers cpiedifpie]l Qmantesat he
conpari son exanples, .the sanples were cured for 10 mnutes at 200Cin a
circul ating a99°Conerrirclphing alr-OvBBwder coati ng conpositi ons Exanple no. 1 2
3 4 Colour black red white grey Resin Alftalat 57 %57 %57 %57 %

Table 1: Powder coating compositions

Example no. 1 2 3 4
Colour black red white grey
Resin Alftalat 57 % 57 % 57 % 57 %
AN 03640
Hardener 52 % 52% 52% 52%
Araldite PT 910
1% carbon | 2 % organic | 25 % titanium 19.8 %
. i dioxid inorganic
Pigmentation black red pigment ioxide g
' pigments
Filler 323 % 313 % 8.3 % 13.5%
10
* A polyester in which the acid component contains terephthalic acid and

isophthalic acid as the main constituents.

All the formulations contain 4.2 % of a commercially available flow control agent

15 and 0.3 % of a degassing auxiliary substance.



AN. 03640 Hardener 5.2%5.2%5.2%5.2% Araldite PT 910 1 % carbon 2 %
~organic 25 %titanium 19.8 % Pignentation black red pignent dioxide
inorganic pignents Filler 32.3%31.3%8.3 % 13.5% 10 * A polyester in
“which the acid conponent contains terephthalic acid and isophthalic acid
.as the main constituents. Al the forrglations contain 4.2 %of a
commercially available flow control agrggélnt 15 and 0.3 % of a degassi ng
auxi liary substance. 8 Wathering trial Testing the mechanical properties
before and after the weathering test resulted in the follow ng values for
al | the sanpMéaathé&ridgtrialng bal | i npact test (ASTM D 2794) 20 inch pounds
Mandrel flex test (DIN EN I SO 1519) 4 mm Erichsen test (DIN EN I SO 1520) 7
mm Cross-hatching (DIN EN | SO 2094) GQOA 10 Al the sanples were tested
in rapid wea ' an%yy : b MBSing (B rédulfed irfhier
whi ch the retsrfgﬁg{%}g%ﬁ%g}g mgﬁs%g%}gfﬁgaoﬁn%&%%l\%n togtSO % of the
following values for all the samples:

Falling ball impact test (ASTM D 2794) 20 inch pounds
Mandrel flex test (DIN EN ISO 1519) 4 mm
Erichsen test (DIN EN ISO 1520) 7 mm
Cross-hatching (DIN EN ISO 2094) GtOA
10
All the samples were tested in rapid weathering rest QUV (B) 313 nm. Table 2 gives
the times after which the residual gloss (measured at 60°) had fallen to 50 % of the

starting value before weathering.

15 Table 2: Results of tests after weathering

Sample from 1 1* 2 2% 3 3* 4 4*

example no.

Residual gloss 450 350 | 500 | 400 500 | 400 | 500 350
<50% after (h)

* Samples not according to the invention, these being cured in a circulating air

oven.

20



starting val ue before weathering. 15 Table 2: Results of tests after
~weathering Sanple from1l 1* 2 2* 3 3* 4 4* exanple no. Residual gloss 450
350 : 500 400 500 400 500 350 <50% after (h) * Sanples not according to the
i nvention, these being cured in a circulating air oven. 209 dCdains 5 1.

- A process for preparing weather-resist@ant powder coatings on metallic or
non-netallic surfaces by applying a powder coating conposition and then

mel ting and curing, characterised in that a powder coating conposition is
applied which contains polyester resins in which the acid structural bl ocks
10 are based only or mainly on aromatic dicarboxylic acids, their

anhydri des and/or esters, and pol yfunctional |ow nol ecul ar wei ght epoxi des
as cross- |inking agents, and the nelting and curing is performed by NIR
radi ation. 2. A process according to Claim1, characterised in that nore
than 50 wt.% of 15 aromatic dicarboxylic acids, their anhydrides and/or
esters are c&laimsned, with respect to the acid fraction in the polyester.
3. A process according to Clainms 1 and 2, characterised in that a powder
coating-conposition is used which contains 40 to 95 wt. % of the pol yester

1. A process for preparing weather-resistant powder coatings on metallic or
non-metallic surfaces by applying a powder coating composition and then
melting and curing, characterised in that a powder coating composition is
applied which contains polyester resins in which the acid structural blocks

10 are based only or mainly on aromatic dicarboxylic acids, their anhydndes
and/or esters, and polyfunctional low molecular weight epoxides as cross-

linking agents, and the melting and curing is performed by NIR radiation.

2. A process according to Claim 1, characterised in that more than 50 wt.% of
15 aromatic dicarboxylic acids, their anhydrides and/or esters are contained,

with respect to the acid fraction in the polyester.

3. A process according to Claims 1 and 2, characterised in that a powder
\\ coating composition is used which contains 40 to 95 wt.% of the polyester
20 resin.
4. A process according to Claim 3, characterise in that the polyester is carboxyl-
functional.
25 5. A process according to one of the preceding Claims, characterised in that the

polyester resins are based on terephthalic acid and/or isophthalic acid, their

anhydrides and/or esters.



20.resin. 4. A process according to Caim3, characterise in that the

. polyester is carboxyl- functional. 25 5. A process according to one of the
preceding C ains, characterised in that the polyester resins are based on
terephthalic acid and/or isophthalic acid, their anhydrides and/or esters.
"10 6. A process according to Caimb5,)0characterised in that nore than 50
W . % of terephthalic acid and/or isophthalic acid or their anhydrides
and/or esters are wused as the acid constituent in the polyester resin. 5
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times are iffar 8 rocess according to

Caims | to 7, chasasiRilicSRMH dd/drsdphtfaRc hoidicthednanhgtifdesing/otiesterscareraxi mum
in the intensity distribution of 0.2? to 1.2 mare 10 used.
used as the acid constituent in the polyester resin.

5 7. A process according to Claims 1 to 6, characterised in that the curing times

are in a range from 1 to 30 seconds.

8. A process according to Claims 1 to 7, characterised in that NIR radiation
elements with a maximum in the intensity distribution of 0.8 to 1.2 um are

10 used.



