POADER COATI NG BASE COAT CROSS REFERENCE TO RELATED
APPLI CATIONS Priority of this application is based on
we@e@siizivamal Application Serial No. 60/ 678908, PET/U8ZN06/017556
May 6, 2005, incorporated by reference herein.
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Field of the Invention

This invention relates to the application of non-stick coatings o a substrate.

Prior art

The blending together of powders of fluoropolymers and thermoplastic polymers,
as well as inorganic fillers of pigments, followed by application of the powder mixture to
a metal substrate and fusing the applied powder to form a uniform coating on the

substrate is well known from publications such as WO 2005/58389.

The application of multiple layers of various fluororesins and thermoplastic

polymers is also known from publications such as WO 2003/015935.

The present invention is based on the discovery of a process comprising a
unique combination of sequential steps whereby multiple layers of mixtures of
fluoropolymers and thermoplastic polymers, inorganic fillers and perfluoropolymers are

applied to a substrate.
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d. Blending the resulting powder with an inorganic filler with an average particle
size between about 5 and 100 microns, and a perfluoropolymer powder with a
particle size between about 5 and 100 microns to the blend of step c. to obtain a
powder coating; the inorganic filler and perfluoropolymer being blended with the
powder of step c. at the same time, or the inorganic filler blended before the
perfluoropolymer, or the perfluoropolymer blended before the inorganic filler;

e. Applying the powder coating onto the substrate; and
Heating the substrate to a temperature sufficient to cause the powder to partially

coalesce.

Other embodiments of the invention are related to details concerning the process

and materials employed.
DETAILED DESCRIPTION OF THE INVENTION

The process of the present invention is based on the unique combination of
steps, materials and conditions that result in a multi layer non-stick coating with

excellent adhesion between base and top coat.
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The method of converting these materials of the invention into a powder coat is to blend

the materials followed by co-extrusion and then grinding to the desired particle size.

With regard to the basecoat, and the use of fluoropolymers and thermoplastic
polymers, the technology of this invention is similar to but not the same as that
described in patent application US 2004/0253387 A1, incorporated herein by reference.
However, if the invention described in that patent application was used as a base coat
for powder coatings, there would be a deficiency in intercoat adhesion between the
base coat and a perfluoropolymer powder top-coat. The top coat, typically PFA, FEP
and/or MFA(a copolymer of tetrafluoroethylene and perfluoromethylvinyl ether), would
literally delaminate when tested by basic adhesion tests (cross-hatch and nail

adhesion).

The coating of the present invention may be used with a substrate of any desired
hardness. The type of substrate to which the coating is applied, and the shape into
which it is formed, does not limit the scope of the invention. In a preferred embodiment,

the non-stick coating of the present invention is used to coat a metal substrate, such as



polymers, the technology of this invention is simlar

to but not the sane as that described in patent
wappbitzewte on US 2004/ 0253387 A 1, incor por at edP¢iEFUS2006/017556

by reference. However, if the invention described in

steel or blumbinpe, ehat ia fmimechinto bowagares et l@ﬁlghlybpﬁeﬂeﬁ@@lthémhe
powder coatings, there would be a deficlency

Substrat?rheepr@%@t% JinpFPVsst adfasiamer thediasensaatapehas by chemical

outing LSOV SBUBR ipcen e Lop cost

tetrafl uor oet hyl ene and perfl uoronet hyl vi nyl et her),
uld ljiterally delamn te when tested by basic

Thirb¥ertion uses e ABRARRES o marows.mtemﬁdaﬁwonm@e
approacﬁ%tn'np%\%‘ tﬁehﬁte%ﬁéteﬂhégﬂﬁglrggb Q:Peé@}’ﬁqrt?)%tgﬂss‘?ﬁifagbtéh fhe base

ate of any desi ness. ype o
coat whishlnseateses mechanichl béred bettdenghesameptoatPriamed) amethe top-
shap ich.it s forme does_not Ijmt the
coat, the3BTet el pl TR Hitles PP hirer Birace hibBdiasertat ansbihe
poorer thé fht&fdoai a@lﬁé‘élbﬁg Tois Fdi@h%ﬁﬁa%%tadd“ﬁ%}b\@?‘ nﬁécHé?u?éél behesmn
coat a netal substrate, such assteel or alum num that
can be qhtainediatblendiagasoiatganic filler sush ghlaypngmherwlmdhmata particle

sz a1 BAOEH 815 RHALA S BrePL S 378880 % e

extrudecﬁaﬁd@rwm pewdSposktiRs t ORE exanipis bf sdd & pidgrvent is&h aluminum
wo approaches to inprove intercoat adhesion. One

flake thaéb@é&&@ﬁl kendagblodiie Rowelariese coat- Huiswel when e resulting
powdr GATEE R SoBRUAR ARl A R AT R or e
powder tdpecctairan@ajredtihe lsorad betweidhethparasiecarel 1$1ie2teptd®et la@strong

: surf f t he basec and 't poorer t

enough | %P%%%Qheam pilingpader, ewﬁ%ﬁi@h apd a&ﬁ&S&%ﬁ@@é@Gtmg
HoweveMBRhasicRk c’t‘)‘éhﬁé lnPEbared in this manner will fail intercoat adhesion when
tested by the standard post-boiling water finger nail adhesion test.

The second approach to improve intercoat adhesion is to blend a powder that is
to comprise the base coat, that may comprise FEP, PFA and MFA of a particle size
similar to that of the topcoat that is to be applied to the base-coat. This promotes a
much tighter bond between the base and the topcoat, by means of chemical and
mechanical bonds. Adhesion of base and top coat are improved to the point that the
resulting coating passes boiling water, cross hatch and tape test, as well as the finger
nail test, which is very important for most of industrial applications such as in coatings

for commercial bake-ware.

One or both of the above approaches may be employed, but the best adhesion

is obtained by using both approaches.
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used herein the term"simlar®™ with regard to particle

averagegparticlgwsizas betgen akout 5 and 100 microns, and a perfluoropolymer
powder with a particle size between about 5 and about 100 microns to obtain a powder
coating. The inorganic filler and perfluoropolymer may be blended with the powder of
the ground extrudate at the same time, or the inorganic filler blended before the
perfluoropolymer, or the perfluoropolymer blended before the inorganic filler. It is
preferred that the particle size of the inorganic filler powder is similar to the particle

sizes of the polymer powders.

The inorganic filler/polymer blend may be bonded prior to step e., whereby the
blend is heated until the polymer particles become sufficiently tacky to stick to the

inorganic filler particles.

Preferred fluoropolymers for use in the invention may be selected from the group
consisting of PTFE(Polytetrafluoroethylene), copolymers of TFE (Tetrafluoroethylene)
with such co-monomers as PMVE (perfluoromethylvinylether), PPVE
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The powder mixture is then applied to the substrate, preferably electrostatically
in a layer of about 20-60 microns thick, but may be up to 100 microns thick, depending
on the application, and the substrate heated to a temperature sufficient to cause the
powder to partially coalesce (melt only o the extent that the powder particles will
adhere to each other), usually from about 370° C to about 415° C,

To form the top coat, a perfluoropolymer powder is then applied to the coated
substrate, and the substrate again heated, also usually at a temperature of from about
370° C to about 415° C, to cause the perfluoropolymer powder to become sufficiently
fluid and bond to the first layer. As previously mentioned, the powder that forms the top

coat is preferably of a particle size similar to the powders that form the base coat”

Preferred perfluoropolymers for use in the invention, both in the base coat and
top coat, are PFA, FEP and MFA, PFA most preferred because of its physical

properties (toughness, release properties, etc.).
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and, second, peeled off with a fingernail after coated panels were immersed for 30

minutes in boiling water.

Example 1
In this example all requirements of the invention were satisfied, except that no

filler was used and no perfluoropolymer was blended with the powdered extrudate.

Example 2
In this example all requirements of the invention were satisfied, except that no

perfluoropolymer was blended with the powdered extrudate.

Example 3

This example illustrates the invention in all respects.
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RAW Material Description:

Ryton V1 is a low viscosity Polyphenylene Sulfide made by Chevron- Phillips of

Bartlesville, Oklahoma.

PTFE TL 10 is a fluoropolymer, best known as Polytetrafluoroethylene. It is made by

AGC Chemicals Americas, Inc of Downningtown, Pennsylvania.

Channel Black is a micropulverized channel carbon black sold by Keystone Aniline

Corp. of Chicago, lllinois, used only to impart color.




har dness were drawn over the coating surface and it
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tester's fingernail, first easily peeled off with a
fingernail, and, second, peeled off wth a fingernail
Fume siliaa} produeat &y GetingtlGorpeseDequsss ¢l ah eldddfvenigud @siiptove the
boiling water. Exanple 1 In this exanple all
spray appligationafwovglescogfeds. nvent i on were satisfied, except
that no filler was used and no perfl uoropol yner was
bl ended with the powdered extrudate. Exanple 2 In this
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In Examples 1 to 3 the grind produced after step ¢ had a particle size with a D50

(about 50% of the particles are of the specified diameter) of 22 microns, the extrusion
temperature was 300° C, with an air temperature of -1° C. The particle size of the

perfluoropolymer comprising the topcoat was about 20-25 microns.

With regard to the pencil test, the hardness of the leads was B, HB and F, in

ascending order of hardness.

With regard to the ball point pen test, the pressures employed were 20, 50 and
70 psi,.
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400 C, b. Melt blending and extruding said solid
m xture at a tenperature of from about 250 C to about
400 C to achi eve honpgeneity; c. Subjecting the

We clairaxt rudat e to nechani cal neans to obtain a powder of up

to about 100 m crons average particle size; d.
Bl ending the resulting powder with an inorganic filler

1. A probbbd @ toatifg 208utRAEtd GitR StaRirkeiompsing alfludropolymiiOsaid

m crons, and a perfluoropol yner powder with a particle

process spawristoibersegpentialstepriofo0 microns to the bl end of

a.

tep:. c. . pht.ai i ng. [ i i
PR 2B AR P B ORI ore o
nm@wmqul@étreﬁmymemthbhﬂamambté aetentperatiges hoegeasscof 400°
filler blended before the perfluoropolyner, or the
Cper f | uor opol ymer bl ended before the inorganic filler;
« . | :
VBRI D8 SRR S0 R0 58 8 BRSO RORS abou
250 O toi adut YOOE Qiweacdeve homdegeneiy;partial |y coal esce.

Subjecting the exirudate to mechanical means to obtain a powder of up to about

100 microns average particle size;

. Blending the resulting powder with an inorganic filler with an average particle

size between about 5 and 100 microns, and a perfluoropolymer powder with a
particle size between about 5 and 100 microns to the blend of step c. to obtain a
powder coating; said inorganic filler and perfluoropolymer being biended with the
powder of step c. at the same time, or the inorganic filler blended before the
perfluoropolymer, or the perfluoropolymer blended before the inorganic filler;
Applying said powder coating onto said substrate; and

Heating said substrate to a temperature sufficient to cause said powder to

partially coalesce.

2. The process of claim 1 wherein the blend of inorganic filler powder and polymer

powders of step d. is bonded.

3.

The process of claim 1 wherein a perfluoropolymer powder coating is applied to
the coated substrate from step f: and said substrate heated again to cause the

powder to become sufficiently fluid and bond as a second layer to the first layer.
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2 . The process of claim1l wherein the bl end of
inorganic filler powder and pol yner powders of step d.
w0 200bozde@l. 3 . The process of claim1l wherei NnPEI/US2006/017556
per fl uoropol ymer powder coating is applied to the
. - r- .
* TREBECRSMIRIRL o A8 8H oot & b 18
ekegirbstaticallyl n & layed ohabobb2e+186 micsasdhitkl ayer to the
first layer.4. The process of claim1l wherein said
powder coating of step e, is applied electrostatically

5. Thé protsasast PAinPl QHerdPr thEyBr &5 partich Sike 0P sailiBorganic filler is

process of claim4 wherein the average particle size
egfaldaiar greaeg tharcthi thickness oétheatoatingorn Hreesulistraté following
Stg% t hi ckness of the coating on the substrate
1P I'Towi ng step f . 6. The process of claim1l wherein
said inorganic filler conprises a pignment. 7. The
rocess of claim®6 wherein said pigment conprises
6. The PpieerAn 9ficidies 1 védherginesaid inwrganistiiller gpmplisemamigmente
particle size of the powder of step c. is simlar to
the particle size of the inorganic filler of step d.
7. THe pfbeedy afatsim 6fwitdraingadd wignentcdrigrigear dluglisurhifliReof
the powder that forns the second layer is simlar to
the particle size of the powders that formthe first

8. Th@¥Fcess of claim 1 wherein the particle size of the powder of step c. is

similar to the particle size of the inorganic filler of step d.

9. The process of claim 3 wherein the particle size of the powder that forms the

second layer is similar to the particle size of the powders that form the first layer.
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