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Description

Field of the invention

[0001] The present invention relates to a process for the application of no-stick and heat-resistant coatings to alumin-
ium sheets. In particular, the invention relates to a process consisting of the lapping of the aluminium surface, which is
then coated with a no-stick paint layer on one side and with a heat-resistant paint layer on the other side, both paint lay-
ers being applied by roll units. The claimed process is particularly useful for the production of aluminium cookware pro-
vided with no-stick lining and heat-resistant coating.

[0002] The term "cookware” is used herein to mean pots and relevant lids, pans, baking pans, oven trays, toaster or
oven racks, kitchen utensils, spatulas, mixing spoons, and all other utensils usually employed for food preparation and
cooking.

State of the art

[0003] The use of no-stick cookware has extraordinarily increased during the last 30 years. Consequently, studies
have been and are still being conducted to develop no-stick paint formulations and relevant methods of application to
the pot and pan surface coming into contact with food.

[0004] With a view to overcoming the difficulty of sticking water paints based on PTFE to metal surfaces, several meth-
ods for the treatment of said surfaces before paint application, e.g. degreasing or pickling or sandblasting, have been
studied. Furthermore, very many formulations based on PTFE combined with other components to be laid on the metal
surface on a single application or with more coats, each preferably being of a different composition, have been devel-
oped.

[0005] For example, a particularly effective way of pickling an aluminium surface for no-stick paint application is dis-
closed in ltalian patent No. 1,226,347 filed by the same Applicant.

[0006] A water paint without PTFE, containing a surfactant, finely divided silica particles, a polyethersulphone (PES)
or polyamidoimide (PAI) for application to a degreased metal substrate and acting as a bridge with the successive
PTFE-based paint layer is disclosed in US patents Nos. 5,049,437 and 5,079,073.

[0007] A method for the preparation of an aluminium sheet previously sandblasted and coated with three layers of
PTFE-based paint is described in US patent No. 4,818,350. Said paints were found to be unfit for roll units.

[0008] In spite of the wealth of formulations and applicative methods disclosed in the prior art, there is an urgent need
for improving the adhesion of PTFE-based no-stick coatings to metal substrates, using simple and high-yield tech-
niques.

[0009] A process for the roll-unit application of a no-stick coating to metal sheets to be shaped into cookware for
household use is disclosed in ltalian patent No. 1,226,348 filed by the same Applicant. Roll-unit application offers sev-
eral advantages over spraying: it does not disperse polluting aerosols in workroom environments and allows larger pro-
duction volumes. Conversely, the coatings obtained show an inferior aspect, in particular as far as the outer surface
gloss is concerned.

[0010] The Applicant, in EP application No. 0607934, discloses some water paints formulations based on PTFE, PPS
and PAIl that may be applied by roll units to aluminium sheets, simply degreased before their shaping into pots and pans,
and providing gloss characteristics comparable with those obtained by spraying. The applied coatings are then dried
and baked.

[0011] Inthe course of subsequent research, the Applicant has carefully examined all possible ways to treat alumin-
ium surfaces before coating application, in particular:

- Heat treatment

[0012] This treatment consists of aluminium sheet annealing at a temperature of 450°C approx. The system removes
any residual trace of oil from the rolling mill process, but is ineffective towards the salts and oxides, if any, occurring on
the surface. It involves high power costs and the sheet cooling phase is a hindrance to plant productivity.

- Alkaline degreasing

[0013] The surface is treated at 30°C to 60°C with an anionic or non-ionic surfactant added with sodium hydroxide

and sequestering agents. A considerable surface cleaning is obtained; however, traces of sodium hydroxide are left on
the surface even after repeated washings with water. It raises the problem of liquid effluents disposal.
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- Acid degreasing

[0014] The surface is treated at 30°C to 60°C with an anionic or non-ionic surfactant added with mineral acids and
sequestering agents. The surface cleaning obtained is fairly good; however, salt residues are left on the surface even
after repeated washings with water. It raises the problem of liquid effluents disposal.

- Degreasing with solvents

[0015] The surface is treated with chlorinated organic solvents. The system is ineffective towards mineral salts and
raises problems of solvents treatment and recycle.

- Lapping

[0016] It consists of the mechanical removal of a thin surface layer by abrasion. It does not allow the obtainment of
low surface texture, but its productivity is high.

Technical problem

[0017] As concerns the shaping of a painted aluminium disk, the paint layer must be so flexible as not to allow the
formation of scalings and checkings during shaping and, at the same time, must be firmly fixed to the metal surface.
[0018] As concerns pots and pans, the outer and inner sides have different functions, the former being meant for com-
ing into contact with the source of heat, necessary for food cooking, while the latter is meant for coming into contact with
food. Therefore, the two sides of the aluminium disk to be shaped into cookware are painted with layers of paints of dif-
ferent chemical characteristics, but with analogous mechanical properties making them capable of withstanding, with-
out any damage, the deformations caused by disk drawing, which is performed when both sides have been painted.
Furthermore, the two coatings must get through all standard tests reproducing the pot duty conditions (dishwashing
machine, hot-scratching, repeated use vs. colour maintenance).

[0019] Therefore, with a view to optimizing the performance, the treatment of the surfaces to be painted must fit in
with the types of paints to be used, safeguarding, at the same time, the ease of operations and the productivity of the
cookware production lines.

Detailed description of the invention

[0020] Subsequent research conducted by the Applicant provided evidence that high-quality cookware with no-stick
linings and heat-resistant coatings may be obtained through a single mechanical process combining aluminium sub-
strate preparation with the application of two different paint formulations, one for the outer and one for the inner side of
the pot.

[0021] According to a basic feature of the present invention, the process for applying two different coatings - one heat-
resistant and the other no-stick - to an aluminiun sheet comprises the following main steps:

a) lapping of both sides of the sheet to obtain a surface texture index number (Ra) between 0.7 umand 1.1 um;
b) roll-unit application of a first layer of water paint, no-stick type, to one sheet side;

¢) drying of the paint layer at 30° to 50°C;

d) baking of the first dried paint layer at a temperature of 400°C to 430°C for a period of 2 to 5 minutes;

e) roll-unit application of a second layer of paint, heat-resistant type, to the other sheet side;

f) drying of the paint layer at 30°C to 50°C;

g) baking of the second dried paint layer at a temperature of 280°C to 320°C for a period of 2 to 10 minutes.

[0022] Texture is measured by profilometers. The measurements of the surface texture referred to herein were per-
formed by a profilometer, Mod. RT 60, available from ALPA SM, Milan. The texture index number (Ra) is given by the
ratio of the integral of the surface microcavities to the sheet portion length explored in a cross direction in respect of the
direction of rolling.

[0023] Typical water paints useful for the formation of the first no-stick paint layer are as disclosed in the European
patent application No. 94119007.6 filed on Dec. 2, 1994 by the Applicant, and consist of aqueous dispersions of PTFE,
PPS and PAI mixtures, with a PAI content of 5% to 10% by wt. and a carbon black content of 10% to 15% by wt.
[0024] Considering that the best no-stick coatings are obtained with PTFE-based paints not containing other resins,
in the preferred embodiments of the present invention the paint layer in contact with the aluminium surface is overlaid
with another layer of paint based on PTFE, without mixing PTFE with PPS and PAI.
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[0025] In fact, the investigations conducted provide evidence that the paint film in contact with the aluminium surface
secures not only a coating with the adhesiveness and flexibility required by drawing, but also a perfect adhesion both
to the aluminium surface and to the paint superficial layer, even if this contains PTFE only.

[0026] In a more preferred embodiment of the present invention, a first layer of paint containing PTFE and PPS in a
ratio ranging between 35:65 and 55:45 wiw is applied, dried, and overlaid with a second layer of paint containing PTFE
and PPS in a ratio ranging between 55:45 and 80:20 w/w so as to obtain a layer of intermediate characteristics (and
therefore acting as a bridge) between those of the layer in contact with the aluminium disk and of the outer layer.
[0027] After application of each layer, the paint is air dried slowly to evaporate the water and solvents, if any, present
therein. The paint may be applied on a single application or with more coats, repeating steps b) and ¢) as many times
as desired. One or more water paint layers may also be applied as primers and then one or more layers as finish. Once
all layers have been applied, the layer is baked.

[0028] The paints are applied to the aluminium sheet to be drawn in such amounts as to form coatings which, when
dry, are 10 to 25 um thick, each time providing a paint layer of 5 pm max.

[0029] Drying is carried out at a disk temperature of 30°C to 50°C, with an air stream at 120°C max., to no aftertack
to the touch.

[0030] Typically, the paints that may be used for the formation of the second heat-resistant paint layer are as disclosed
in the ltalian patent No. 1,230,623 and ltalian patent application MI91 A 001983 (open to public inspection), filed both
by the Applicant; said paints are based on silicone polyesters, associated, if necessary, with immiscible silicone oils, to
obtain a polychrome and particularly attractive surface finish.

[0031] After application, the paint is air dried slowly to evaporate the water and solvents, if any, present therein. The
paint may be applied on a single application or with more coats.

[0032] Once all layers have been applied, the dried layer is baked.

[0033] The paints are applied to the aluminium sheet to be drawn in such amounts as to form coatings which, when
dry, are 10 to 25 um thick, each time providing a paint layer of 5 pm max.

[0034] As already mentioned, drying is carried out at a disk temperature of 30°C to 50°C, with an air stream at 120°C
max., to no aftertack to the touch. The cookware obtained by drawing aluminium sheets after painting as per the proc-
ess of this invention exhibits a coating as high in quality as that of analogous cookware painted by spraying, after mould-
ing and sandblasting of the aluminium disk.

EXAMPLES 1-5
[0035] The various substances used in the examples are available under the following trademarks:

- Algoflon D 60®, from Montefluos S.p.A.: 60% by wt. PTFE aqueous dispersions.

- Rhodeftal 200®, from Rhéne Poulenc: 30% by wt. PAIl solutions in N-methylpyrrolidone. Prior to use, Rhodeftal
200® had been treated with dimethylethanolamine (DMEA) in a steatite ball mill for a period of 96 hours to make
PAI soluble in water.

- Fortron X 0205/60%®, from Hoechst: PPS in powder.

- Collacrat PU 85®, from BASF: thickener (ethoxylated urethane).

- Rhoplex AC 61 ® from Rohm and Haas: 45% by wt. acrylic resin aqueous dispersion.

- Printex 85®, from Degussa: carbon black.

- Rhéne Poulenc 10369 A®, from Rhéne Poulenc: silicone oligomers.

Preparation of paints Ato F

[0036] The compositions (%) of water paints A to F, which were subjected to the application tests described herein-
after, are reported in Table 1 below.
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Table 1
Compositions (%) of water paints Ato F

Component A B C D E F
Algoflon D60® 152 | 196 | 152 | 152 | 151 | 23.9
Fortron X0205/60% 13.1 114 | 13.1 | 131 13.1 9.7
Rhodeftal 200® 55| 55| 55| 55112 | 55
DMEA 0.7 0.7 0.7 0.6 1.3 0.7
Printex 85® 3.5 3.5 3.0 1.2 3.5 3.5
Antisettling a.* 3.2 3.2 3.2 3.2 3.2 3.2
Homogenizer** 20 20 20 1.9 3.9 20
Collacrat PUS5® 67| 67| 67| 67| 67| 67
Rhoplex AC61 ® 3.2 3.2 3.2 3.2 3.2 3.2
Others*** 6.9 6.0 6.9 6.9 6.9 5.0
Water 400 | 382 | 405 | 425 | 319 | 36.6

* The terms "Antisettling a." indicates ethoxylated nonylphenol (antiset-
tling additive)

** The term "Homogenizer" indicates ethylene glycol monomethyl ether
(homogenizing additive)

*** The term "Others" indicates various chemical compounds (dispers-
ing agents, surfactants) present in the formulations available under the
aforementioned trademarks.

[0037] The solution of PAlin N-methylpyrrolidone was treated with dimethylethanolamine to solubilize same in water.
Said treatment was carried out in a steatite ball mill for a period of 4 days. The clear to slightly opalescent solution
obtained was used in paint formulation.

[0038] Also PSS, before being used in paint formulation, was milled in the presence of water in a steatite ball mill for
a period of 72 hours to obtain a homogeneous dispersion including solid particles sized 8 um max. Finally, water paints
A to F were prepared by mixing the various components in the aforesaid amounts (in addition to the components pre-
treated as described above) in a steatite ball mill for a period of 72 to 96 hours. A perfect homogenization of the mixture
and a lowering in the solid particle size below 8 um were thus secured.

Paint application

[0039] The apparatus used for continuous application of water paints to aluminium disks to be shaped into cookware
consisted of a lapping machine followed by two consecutive painting lines, each consisting of four roll units, each of the
first three units being followed by a hot-air tunnel for painted disk drying and the fourth by a small heater for disks final
drying and baking. Aluminium disks were caused to pass under the lapping machine twice, i.e. for the lapping of both
sides, and were then placed on a conveyor belt and continuously transferred from one painting line to the other.
[0040] The first painting line applied the no-stick coating (inside the pot) while the second line applied the heat-resist-
ant coating (outside the pot).

[0041] The conveyor belt speed was set to secure no aftertack to the touch of the painted disks after drying.

[0042] The disks painted with the aforesaid apparatus were made of aluminium sheet, type 1050 (99.5% aluminium),
which had been lapped to a surface texture (Ra) of 1 um.

[0043] The first and the second roll units were set to secure a paint layer to be 5 um thick (after drying).

[0044] The air temperature in the first three tunnels was set to 70°C and the residence time of the painted disks in
each tunnel was of 5 minutes. The temperature of the last heater was set to obtain a 5 minutes’ disks baking at 420°C.
The third roll unit was set to secure a paint layer 5 uym thick (after drying).

[0045] Several paintings of aluminium disks were carried out by the apparatus and according to the method described
above. In particular, Examples 1 to 5 were obtained as follows: the first roll unit was fed with paints A to E, the second
roll unit was fed in all cases with paint F, and the third roll unit was fed in all cases with paint A, but without PPS and PAI.
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[0046] The operating parameters of the second painting line were the same as those of the first line, except that the
last heater was set to obtain an 8 minutes’ disks baking at 290°C. All roll units of the second painting line were fed with
a silicone polyester paint having the following composition:

- 30% of thermoplastic polymer consisting of terephthalic acid (304.5 parts by wt.), isophthalic acid (304.5 parts),
neopentyl glycol (192.5 parts), and 1,4-butanediol (329.8 parts), which was prepared as disclosed in the aforemen-
tioned patent application No. MI91 A 001983 (open to public inspection) (Ex. 2, p. 8);

- 70% of termosetting polymer consisting of trimethylolpropane (172 parts by wt.), isophthalic acid (107 parts), adipic
acid (40.4 parts), ethylene glycol acetate (379.1 parts) , Rhéne Poulenc 10369 AR (355 parts), tetrabutyltitanate
(0.7 parts), and n-butanol (20.2 parts), which was prepared as disclosed in the aforesaid patent application No.
MI91 A 001983 (open to public inspection) (Ex. 4, p. 10).

Adhesion and peeling tests on no-stick coating

[0047] The aluminium disks as per Examples 1 to 5, obtained as described above, painted and drawn at different
depths, were subjected to adhesion test as per ISO 1520 and to peeling test as per ISO 2409.
[0048] The results obtained are shown in Table 2.

Table 2
Adhesion and peeling tests on no-stick coatings of Examples 1 to 5

Drawing Ex.1 Ex.2 Ex.3 Ex.4 Ex.5
4.0 mm no no no > no
peeling (+) () (+) - (+)
4.5 mm no no no -- no
peeling (+) () (+) - (+)
5.0 mm no no no -- no
peeling (+) () (+) - (+)
5.5 mm no no no -- no
peeling (+) () (+) - (+)
6.0 mm no no no -- no
peeling (+) () (+) - (+)
6.5 mm no no no -- no
peeling (+) () (+) - (+)
7.0 mm no no no -- yes
peeling (+) () (+) - (+)
7.5 mm no no no -- yes
peeling (+) () (+) - (+)
8.0 mm no no no -- yes
peeling (+) () (+) - (+)

Remarks:

- Crackings and checkings, if any, on the surface of painted and drawn disks are observed.

- Peeling below 1 mm is considered positive (+); it is negative (-) in all other cases.

- ** Painted disks of Example 4 show evident blisterings on leaving the baking heater after the third roll unit; there-

fore, they have not been subjected to the various tests.
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Bend test on heat-resistant coating

[0049] Painted aluminium disks of Examples 1 to 5, obtained as indicated above, were subjected to a bend test - a
well known test to paints manufacturers - consisting in bending a sheet metal by 180°.

[0050] The sheet is repeatedly bent by 180°. The successive bendings are indicated by an increasing T-bend number:
the first bending is given No. 0, the second No. 1, and so on. The lower the number of T-bends, the severer the stress
withstood by the coating. The presence or the absence of microcheckings in the coating is observed at the external
point of maximum bending.

[0051] In the aforesaid Examples 1 to 5, heat-resistant coatings get through this test with a T-bend value of 2 to 3.
[0052] After immersion of bent disks in water at 90°C for a period of 10 minutes, the coating showed only few micro-
checkings which might be observed through a 30X microscope. Therefore, the sample got through the test.

Claims

1. Process for applying two different coatings - one heat-resistant and the other no-stick - to an aluminiun sheet com-
prising the following main steps:

a) lapping of both sides of the sheet to obtain a surface texture index number (Ra) between 0.7 ymand 1.1 um;
b) roll-unit application of a first layer of water paint, no-stick type, to one sheet side;

¢) drying of the paint layer at 30° to 50°C;

d) baking of the first dried paint layer at a temperature of 400°C to 430°C for a period of 2 to 5 minutes;

e) roll-unit application of a second layer of paint, heat-resistant type, to the other sheet side;

f) drying of the paint layer at 30°C to 50°C;

g) baking of the second dried paint layer at a temperature of 280°C to 320°C for a period of 2 to 10 minutes.

2. The process according to claim 1, wherein the water paints, no-stick type, used in the said step b) consist of aque-
ous dispersions of PTFE, PPS and PAI mixtures, with a PAl content of 5% to 10% by wt. and a carbon black content
of 10% to 15% by wt.

3. The process according to claim 1, wherein the paints, heat-resistant type, used in the said step e) are silicone pol-
yesters.

4. The process according to claim 1, wherein the said steps b) and ¢) are repeated several times before performing
the said step d).

5. The process according to claim 1, wherein the said steps €) and f) are repeated several times before performing
the said step g).

6. The process according to claim 1, wherein in the said steps b) and e) the paints are applied in such amounts as to
form coatings which, when dry, are 10 to 25 um thick, each time providing a paint layer of 5 um max.

7. The process according to claim 1, wherein the air stream used for drying in the said steps ¢) and f) is at 120°C max.

8. The process according to claim 3, wherein the said silicone polyesters are associated with immiscible silicone oils
to obtain a polychrome and particularly attractive surface finish.

Patentanspriiche

1. Verfahren zum Aufbringen von zwei unterschiedlichen Uberztgen - eines warmebestandigen Uberzugs und eines
nicht-haftenden Uberzugs - auf ein Aluminiumblech, das die folgenden Hauptstufen umfaft:

a) Lappen beider Seiten des Bleches zur Erzielung einer Oberflachenstruktur-Indexzahl (Ra) zwischen 0,7 und
1,1 um;

b) Aufbringen einer ersten Schicht aus einem Wasserfarbanstrich vom Antihaft-Typ mittels einer Walzeinheit
auf eine Seite des Bleches;

¢) Trocknen der Farbanstrichschicht bei 30 bis 50°C;

d) Brennen der ersten getrockneten Farbanstrichschicht bei einer Temperatur von 400 bis 430°C flir eine Zeit-
spanne von 2 bis 5 min;
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e) Aufbringen einer zweiten Farbanstrichschicht vom warmebestandigen Typ mittels einer Walzeinheit auf die
andere Seite des Bleches;

f) Trocknen der Farbanstrichschicht bei 30 bis 50°C; und

g) Brennen der zweiten getrockneten Farbanstrichschicht bei einer Temperatur von 280 bis 320°C flrr eine
Zeitspanne von 2 bis 10 min.

2. Verfahren nach Anspruch 1, worin die Wasserfarbanstriche vom Antihaft-Typ, die in der genannten Stufe (b) ver-
wendet werden, bestehen aus waBrigen Dispersionen von PTFE, PPS und PAI-Gemischen mit einem PAI-Gehalt
von 5 bis 10 Gew.-% und einem RuBgehalt von 10 bis 15 Gew.-%.

3. Verfahren nach Anspruch 1, worin die in der genannten Stufe (e) verwendeten Farbanstriche vom wérmebestandi-
gen Typ Siliconpolyester sind.

4. Verfahren nach Anspruch 1, worin die genannten Stufen (b) und (c) mehrmals wiederholt werden, bevor die
genannte Stufe (d) durchgefiihrt wird.

5. Verfahren nach Anspruch 1, worin die genannten Stufen (e) und (f) mehrmals wiederholt werden, bevor die
genannte Stufe (g) durchgefiihrt wird.

6. Verfahren nach Anspruch 1, bei dem in den genannten Stufen (b) und (e) die Farbanstriche in solchen Mengen auf-
gebracht werden, daB Uberziige gebildet werden, die im trockenen Zustand 10 bis 25 um dick sind, wobei jedesmal
eine Farbanstrichschicht mit einer Dicke von héchstens 5 um aufgebracht wird.

7. Verfahren nach Anspruch 1, bei dem der in den genannten Stufen (c) und (f) zum Trocknen verwendete Luftstrom
eine Temperatur von héchstens 120°C hat.

8. Verfahren nach Anspruch 3, bei dem die genannten Siliconpolyester mit damit nicht mischbaren Siliconélen kom-
biniert sind, um ein polychromes und besonders attraktives Oberflachenfinish zu erzielen.

Revendications

1. Procédé pour déposer deux revétements différents - 'un résistant a la chaleur et I'autre antiadhésif - sur une téle
d'aluminium comprenant les étapes principales suivantes :

a) rodage par poudre abrasive des deux cbtés de la t6le pour obtenir un indice de texture de surface (Ra) entre
0,7umeti1,1 um;

b) application au rouleau d'une premiére couche de peinture a I'eau, de type antiadhésif, sur un c6té de la tble ;
c) séchage de la couche de peinture entre 30 et 50°C ;

d) cuisson de la premiére couche de peinture séchée a une température de 400°C a 430°C pendant une durée
de 2 & 5 minutes ;

e) application au rouleau d'une seconde couche de peinture, de type résistant a la chaleur, sur l'autre cété de
la t6le ;

f) séchage de la couche de peinture entre 30 et 50°C ;

g) cuisson de la seconde couche de peinture séchée a une température de 280°C a 320°C pendant une durée
de 2 3 10 minutes.

2. Procédé selon la revendication 1, dans lequel les peintures a I'eau, du type antiadhésif, utilisées dans ladite étape
b) comprennent des dispersions aqueuses de mélanges de PTFE, PPS et PAI, avec une teneur de PAlde 53 10
% en poids et une teneur de noir de carbone de 10 a 15 % en poids.

3. Procédé selon la revendication 1, dans lequel les peintures, du type résistant a la chaleur, utilisées dans ladite
étape e) sont des polyesters silicones.

4. Procédé selon la revendication 1, dans lequel lesdites étapes b) et ¢) sont répétées plusieurs fois avant la mise en
oeuvre de ladite étape d).

5. Procédé selon la revendication 1, dans lequel lesdites étapes e) et f) sont répétées plusieurs fois avant la mise en
oeuvre de ladite étape g).
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6. Procédé selon la revendication 1, dans lequel, dans lesdites étapes b) et e), les peintures sont appliquées en des
quantités aptes a former des revétements qui, une fois secs, ont une épaisseur de 10 a 25 um, en appliquant a
chaque fois une couche de peinture de 5 um max.

7. Procédé selon la revendication 1, dans lequel le jet d'air utilisé pour le séchage dans lesdites étapes ¢) et f) est a
120°C max.

8. Procédé selon la revendication 3, dans lequel lesdits polyesters silicones sont associés a des huiles silicones non
miscibles pour obtenir une finition de surface polychrome et particuliérement séduisante.
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