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Iron and sole plate for an iron 

The present. invention relates to an iron, comprising an aluminum sole plate 

which is provided with a coating which is provided by means of a sol-gel process and 

wherein an intermediate layer is present between the aluminum sole plate and the sol-gel 

coating. The invention also relates to a method of manufacturing such an iron, as well as to a 

5 sole plate which is suitable for use in an iron. 

An iron as mentioned in the preamble is known per se, for e;{ample from the 

International application WO 98/13544 as filed by the applicant. Said patent application 

10 discloses an iron having an aluminum sole plate which is provided with s.n anti-friction layer 

containing an inorganic polymer and which can be provided by means of a sol-gel process. In 

order 1:0 improve the scratch resistance of the anti-friction layer, a hard intermediate layer is 

provided in·between said layers. Said hard. intermediate layer generally has a thickness 

ranging between 5 and 60 micrometers. 

15 According to WO 98/13544 the optimum thickness of anti~friction layers of 

20 

the sol-gel type ranges between 5 and 15 micrometers. At a layer thickness above 20 

micrometers crack-formation in the sol-gel layer is observed, due to high stresses inside the 

layer upon drying and curing. These stresses will cause peeling off of the sol-gel layer when 

the adhesion to the substrate is not good enough. 

It is an object of the invention to provide an iron according to the preamble, of 

which the sole plate can be provided with a sol~gel coating of relatively large thickness, 

without the risk of peeling off of the sol-gel coating. Moreover, it is an object to provide a 

25 method of manufacturing such an iron. FUrthermore. the invention should provide a sole plate 

which can be provided with a relatively thick solNgel coating without the risk of peeling off of 

the sol-gel coating. 
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These and other objects of the invention are achieved by an iron a~cording to 

the preamble, which is characterized in that the intermediate layer comprises a porous layer 

of aluminum oxide. 

Said porous int.ermediate layer provides for anchor points for the coating to 

5 attach to the surf ace. The sol~gel coating which is applied over the intermediate layer, 

penetrates into the pores of the aluminum oxide thereby creating some kind of 

interpenetrating network. It will be clear that by providing a porous layer of aluminum oxide 

a good mechanical adhesion is assured at the interphase. 

The idea behind the invention is, inter alia., to improve adhesion of the sol~gel 

10 coating to the aluminum sole plate by increasing the surface roughness of the latter by means 

of a chemical process. 

It is noted that the aluminum sole plate comprises both aluminum and alloys of 

aluminum. 

Another possibility for increasing the surf ace roughness of the aluminum sole 

15 plate is to sand blast the surlace. However, although the adhesion of the sol-gel coating is 

indeed increased., compared to adhesion of the same coating to a non-pretreated alwninum 

substrate, the improvement is only limited. Moreover, the process of sand blasting involves 

several disadvantages. One of such disadvantages is the fact that contamination is introduced 

during the process of sand blasting. Cleaning of the surface in order to remove said 

20 contamination is very difficult and time consuming. 

In order to obtain an optimum adhesion effect of the coating to the sole plate, 

the porous intermediate layer of aluminwn oxide advantageously has a thickness of at least 

0,5 µm. 

The thickness of the porous layer of aluminum oxide is impo1ta.nt for both the 

25 adhesion of sol-gel coatings to the aluminum substrate as well as the scratch resistance of 

said sol-gel coatings. In order to obtain good adhesion properties only very thin layers of 

porous aluminum oxide are needed. The thickness of these layers can be in the order of about 

0,5-1 µm. However, in order to improve the scratch resistance the layer should be at least 3-4 

· µIn., while thicker layers show even better scratch resistances. In view of the ti.me factor 

30 which becomes more imponant with thicker layers, the porous oxide layers preferably do not 

exceed :20 µm. 

The intermediate layer according to the present invention is very th.in, 

compared to the thickness of the intermediate layer of WO 98/13544, which is attractive in 

view of the costs involved. 



3 

The application of an aluminum oxide layer to an aluminum sole plate is also 

known from the European patent EP-B·O 754 256. The most important difference between 

said patent and the present invention is the fact that in EP-B-0 754 256 the actual ironing 

surface is determined by an aluminum oxide coating, while in the present invention the actual 

5 ironing surface is detennined by a sol-gel coating. Contrary to EP-B-0 754 256, the 

aluminum oxide layer as applied in the iron according to the present invention is porous and 

acts as an intermediate layer. 

10 

In particular, the sol-gel coating has a thickness of 35-90 µm, preferably 60-70 

µm. 

In order to obtain the desired thickness of the sol-gel coating, said coating is 

advantageously built up of different subsequent layers. 

The present invention also relates to a method of manufacturing an iron as 

disclosed in the above. Said method is characterized in that it comprises the steps of 

providing an aluminum sole plate, applying a porous intermediate layer of aluminum oxide 

15 by electrochemical treatment of the aluminum sole plare in an electrolyte comprising a 

solution of phosphoric acid, and providing a sol-gel coating on the treated sole plate, 

Ir will be clear that the material of the aluminum sole plate comprises 

aluminum as well as aluminum alloys. Elements which can be included in such aluminum 

alloys comprise, for example, silicon, magnesium and other suitable elements known to the 

20 skilled person. 

The sol-gel coating can be applied in different ways which are known for the 

person skilled in the art. However, it is preferred to spray the sol·gel coating on the treated 

aluminum sole plate. 

By manufacturing the iron according to the method of the present invention, a 

25 mechanical interlocking between the coating and the substrate is obtained. Because of the 

open pore structure of the porous intermediate layer, the coating v.'111 penetrate into the holes. 

The use of a porous intennediate layer having a well defined pore structure, 

appears to be essential for obtaining a good adhesion. It has been shown that electrochemical 

treatment in a phosphoric acid solution results in a suitable pore structure for assuring good 

30 adhesion. 

Advantageously, the electrolyte comprises at least 5 v.% phosphoric acid. 

The present invention also relates to an aluminum sole plate provided with a 

coating which is provided by means of a sol-gel process and wherein an intermediate layer is. 

present between the aluminum sole plate and the sol-gel coating, which is suitable for use in 
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an iron. In accordance with the invention the intermediate layer comprises a porqus Layer of 

aluminum oxide. It is obseIVed that the invention can both be applied in conventional irons 

and in steam irons. 

The present invention will further be elucidated with reference to the 

S following example and embodiment. 

The application comprises a drawing in which: 

Fig. 1 schematically shows an iron in accordance with the present invention; 

10 and 

15 

Fig. 2 schematically shows an enlarged detail of the sole plate of the iron in 

accordance with the present invention. 

It is noted that the various elements of the iron or the sole plate, as shown in 

figure 1 and figure 2 respectively, are purely schematic and are not drawn to scale. 

Figure l is a schematic side view of an iron according to the present invention. 

Said iron comprises a housing (1) which can be made of a plastic material. The bottom side 

of the housing is provided with a metal sole plate (2). ln the p:resent embodiment, the sole 

20 plate is made of a block (6) of die·casta.ble aluminum to which a thin plate (3) of aluminum is 

secured. This thin plate (3) is also referred to as the ironing plate. As mentioned earlier, the 

aluminum plate can comprise alUll1Jnum as well as an aluminum alloy. 

The surface of the ironing plate (3) facing away from the housing (1) is 

provided with a porous layer of aluminum oxide (4). Said porous oxide layer (4) acts as a 

25 primer layer in order to provide for a good adhesion of the sol-gel coating (5) which is 

applied on top of the porous layer (4). The thickness of the aluminum oxide layer is about 4 

µ.m. The sol-gel coating (5) has a thickness of about 65 µm. The sol-gel coating is built up of 

three layers, namely a first basic coating of 35 µm, a second basis coating of 20 µm and a top 

coating of 10 µm. 

30 Figure 2 shows in more detail the sequence of the layers of the sole plate (2). 

In another advantageous embodiment both sides of the ironing plate (3) are 

provided with a porous layer of aluminum oxide (4) (not shown in figures 1and2). The 

presence of a porous aluminum oxide layer (4) at the side of the ironing plate (3) facing the 

housing (1) is useful because this side of the ironing pla.te (3) facing the housing- and thus 
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the steam chamber in case of a steam iron - will be sealed using a silicon paste. ~ a result of 

the presence of the porous oxide layer the sealing properties of the ·silicon paste will be 

improved. 

Example 1 

A method of manufacturing the iron according to the present invention. 

An ironing plate of an aluminum alloy is first degreased in a swtable detergent 

and subsequently etched in an acidic solution. such as nitric acid, or in an alkaline solution, 

10 such as sodium hydroxide, in order to activate and to clean the surface. Thereafter, the 

ironing plate is rinsed with tap water and deionised water and the plate is immersed in an 

electrolyte solution of 15 vol.% phosphoric acid. The temperature of the electrolyte solution 

is about 25°C. 

The ironing plate is connected as the anode and a stainless steel counter 

15 electrode is used as the cathode. A current density of 1.0 A/dm2 is applied and maintained 

throughout the process. After 30 minutes the current is switched off and the ironing plate is 

taken out of the solution, rinsed with demineralised water and dried by blowing with hot air 

of 80°C. During the electrochemical process both sides of the ironing plate are provided with 

a porous layer of aluminum oxide. 

20 After said pretreatment of the aluminum ironing plate, a three layer sol-gel 

25 

coating is applied by spray coating and cured in an oven at 350°C for about 15 minutes. 

Subsequently the ironing plate can be sealed to the block (6) of die-ca.stable aluminum. 

Example 2 

This example shows the improved adhesion and scratch resistanc~ of sol-gel 

coatings to a~uminum surfaces which are electrochemically provided with a porous layer of 

aluminum oxide, compared to the adhesion of sol-gel coatings to aluminum surfaces which 

are roughened by means of sand blasting. 

Two ironing plates were prepared. Ironing plate I was prepared accorcling to 

30 example 11 while ironing plate II was prepared in a similar way, except that the 

electrochemical treatment was replaced by sand blasting. 

The adhesion of the sol-gel coating to the ironing plate is tested by bending the 

ironing plate at an angle of 90° around a sharp corner. The visible damage at the distorted 

area gives a measure of the adhesion. This is classified in a range from 0 to 5. Grade 0 means 
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that no adhesion has taken place, in other words peeling off of the coating, even '?'ithout 

bending. Grade 5 refers to a very good adhesion; at bending only very little damage, only 

cracks visible at the edges of the distorted area. 

Ironing plate I received a grade 5, while ironing plate Il only got grade 3. 

Forces were applied to both ironing plate I and ironing plate lI and the scratch 

through of The coating was measured. It appears that in order to scratch through the coating of 

ironing plate I a force of 3.0-3.5 kg was needed, while the coating of ironing plate II was 

already scratched through with 2.0-2.5 kg. 

Thus sole plate I - the electrochemically treated sole plate - shows an 

improved adhesion and scratch resistance of the sol-gel coating. 
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1. An iron, comprising an alwninum sole plate which is provided with a coating 

which is provided by means of a sol-gel process and wherein an intennediate layer is present 

between !he aluminum sole plate and the sol-gel coating, characterized in that the 

intermediate layer comprises a porous layer of aluminum oxide. 

2. An iron according to claim l, characterized in that the porous intennediate 

layer of aluminum oxide has a thickness of at least 0,5 µm. 

3. An iron according to claim l, characterized in that the sol~gel coating has a 

10 thickness of 35-90 µm. 

4. An iron according to claim 3, characterized in that the coating has a thickness 

of 60-70 µm. 

15 5. An iron according to claim l, characterized in that the coating is built up of 

different subsequent layers. 

6. A method of manufacturing an iron as claimed in any of the claims 1~5, 

characterized in that the said method comprises the steps of providing an aluminum sole 

20 plate, applying a porous intermediate layer of aluminum oxide by electrochemical treatment 

of the aluminum sole plate in an electrolyte comprising a solution of phosphoric acid, and 

providing a sol-gel coating on the treated sole plate. 

7. A method according to claim 6, characterized in that the electrolyte comprises 

25 at least 5 v.% phosphoric acid. 

8. An aluminum sole plate provided with a coating which is provided by means 

of a sol-gel process and wherein an intermediate layer is present between the aluminum sole 
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plate and the sol-gel coating. which is suitable for use in an iron as claimed in an;r one of the 

claims 1-5. 
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