Iron having an anti-friction layer. The invention relates to an iron
conprising a netal soleplate which is provided with an anti-frictionJayer.
The invention also relates to a soleplate which is provi ded with a h
el ement and an anti-friction layer, said sol eplate being abl e for use
in an iron. Irons are .generally conposed a housi @ & %. a
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cor r osi on theants-fragtion layer must, inter alza, exh1 it satisfactory anti-friction properties on the
clothes to be ironed, it must be corrosion-resistant, scratch—remstant, and durable and exhibit
an optimum hardness and a high resistance to wear and to fracture. The material of the anti-
friction layer must meet extra high requiremenis because the anti-friction layer is exposed to
substantial variations in temperature ranging between 10°C and 300°C. Some of said
requirements are more or less contradictory from the viewpoint of materials science.

An iron of the type mentioned in the opening paragraph is known per se,
for example, from European Patent Application EP-A 217.014. The iron described in said
Application comprises a soleplate of aluminium, which is provided with an anti-friction layer
of a ceramic material, preferably aluminium oxide. This anti-friction layer is provided by
means of plasma spraying. In this process, spherical aluminium oxide particles having a
diameter of, for example, 10 microns are heated by means of a plasma jet and sprayed onto
the soleplate. In this process, a bonded ceramic layer of aluminium-oxide particles is formed.
Subsequently, this anti-friction layer is polished to obtain the desired smoothness.

The known iron has disadvantages. It has been found that the ceramic
anti-friction layer has a relatively high porosity and a relatively low corrosion resistance. In
addition, the anti-friction properties, particularly the anti-stick properties, of the known layer
aré not optimal and keeping the layer clean as well as cleaning it has proved to be difficult.



addition, the anti-friction properties, particularly the anti-stick
properties, of the known | ayer are not optinmal and keeping the | ayer clean
as well as cleaning it has proved to be difficult. 2 Finally, the
processes of providing and polishing the anti-friction |ayer are expensive
and cannot easily be carried out in mass-production. It is an object of the
invention to overcone the disadvantages of the known iron. The invention
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surface oOfolishing treatment, its coefficient of friction is optimal for ironing. In addition, the inventive
iron has still other favourable properties, suéh as in particular a high scratch resistance and a
high durability of such an electrochemically formed metal-oxide layer. In addition, the
resistance to fracture of the anti-friction layer is at least equal to that of the known sprayed
layer of ceramic aluminium oxide. The thickness of the metal-oxide layer of the inventive
iron is preferably 10 to 50 micrometers, in particular 15 to 25 micrometers.

The expression "electrochemically formed layer” is to be understood to
mean herein that the metal at the surface of the soleplate is electrochemically oxidized to
form a thin layer of metal oxide. This layer is formed by immersing the surface of,
preferably, a polished soleplate and an inert electrode, for example of aluminium, lead or
graphite, into a suitable, preferably, acidified salt solution. For this purpose, an AC or DC
voltage difference must be applied across the soleplate and the electrode, in which process
the soleplate serves as the anode. Specific variants of this process are commonly referred to
as (hard) anodizing, eloxing and opalizing. |

A favourable embodiment of the iron in accordance with the invention is
characterized in that the soleplate is made of aluminium which is processed by means of
injection moulding, and in that an intermediate layer is situated between the anti-friction
layer and the soleplate. |

The manufacture of soleplates from aluminium is preferably carried out by
means of injection moulding. Aluminium which can suitably be processed by means of

injection moulding comprises a considerable quantity of other elements, such as silicon



preferably, a polished soleplate and an inert electrode, for exanple of
alum nium lead or graphite, into a suitable, preferably, acidified salt
solution. For this purpose, an AC or DC voltage difference nust be applied
across the soleplate and the el ectrode, ijy which process the sol eplate
serves as the anode. Specific variants of this process are commonly - -
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" the invention, the intermediate layer consists of a plate of anodizable aluminium which is
secured to the solgplate. To secure the plate to the soleplate use can be made of a

- thermostable adhesive and/or a mechanical connection, for example screws. As can be

inferred from the expression "anodizable aluminium®, the types of aluminium in question can
be effectively treated in an electrochemical manner.

If desired, the anti-friction properties of the soleplate can be further
improved by providing the surface of the anti-friction layer with predominantly parallel,
linear structures, as described, inter alia, in European Patent Application EP-A 378.479.
Said structures must be present on the surface of the soleplate before the soleplate is
electrochemically treated.

The invention also relates to a soleplate which is provided with a heating
element as well as an anti-friction layer. In accordance with the invention, this soleplate
comprises a layer which consists predominantly of aluminium oxide and which is formed
electrochemically. Such a soleplate can very suitably be used in an iron of the type described
hereinabove. ' - .

- The invention will be explained in greater detail by means of exemplary
embodiments and a drawing, in which

the sole Figure shows an iron in accordance with the invention.

It is noted that for the sake of clarity, the components are not drawn to
scale. )



exhibits a satisfactory hardness and a uni form honbgeneity. In an even nore
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invention is not limited to steam irons, but can also be applied to conventional irons without

steam-generating means.

The soleplate (2) comprises a heating element (not shown) on the side
facing away from-the anti-friction layer. As is known per se, this heating element may
consist of a metal pipe in which a heating wire is provided which is embedded in an
electrically insulating material of metal oxides. Preferably, however, use is made of a heating
element which consists of a resistive layer of thick-film material which is provided in

;' accordance with a pattern and which is situated between two electrically insulating layers
which consist preferably of enamel.

The manufacture and the ironing properties of the iron in accordance with
the invention will be explained by means of the following exemplary embodiments.

Exemplary embodiment 1.

In this exemplary embodiment use was made of a soleplate of anodizable
aluminium, namely AIMgSi0.5, which was shaped in a metal-removing process (milling).
The ironing surface of this sole was degreased by treating this surface with an aqueous
solution of sodium phosphate (5-10 wt. %) for 5 minutes at a temperature of 50° C. After an
electro-chemical polishing treatment, the surface roughness (R,) of the ironing surface was
0.5 micrometer. '

The ironing surface was subsequently provided with an electrochemically
formed anti-friction layer. To this end, said surface was anodized in an aqueous solution of
15-18% sulphuric acid for 30-45 ‘min at a temperature of approximately 5° C. The current



soleplate is made of al um ni um whi ch has been shaped by injection noul di ng.
The soleplate (2) is provided with an anti-friction layer (3) on the side
facing away fromthe housing. Said anti-friction |layer consists of a |ayer
of al um ni um oxi de whi ch has been forned el gct rochemcally. In this case,
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mi cromet er . in the manner essentially described in exemplary embodiment 1. In this case, a layer
thickness of 35 micrometers was provided. It was found that the hardness of the anti-friction
layer formed was much lower than that of exemplary embodiment 1. Further visual
inspection showed that the texture of the anti-friction laya"was irregular and that there were
cavities in the layer. In addition, the colour of the layer was irregular. It was found that the
scratch resistance of the anti-friction layer was not optimal.

Exemplary embodiment 3. |
_ The ironing surface of an injection-moulded soleplate whose composition
corresponds to that of exemplary embodiment 2 was pre-treated by means of sand blasting. A
thin layer of pure aluminium was subsequently sprayed on said pre-treated surface. The
metal-spraying process took place in an oxygen-containing atmosphere. The layer can be
provided by means of flame spraying as well as plasma spraying. The layer formed
(thickness 0.1-2.0 mm) bonded well to the injection-mouldable aluminium. The layer
predominantly consists of a mixture of aluminium and alumina. The sprayed layer was
subsequently ground and polished. Next, an anti-friction layer was electrochemically formed
- . on the sprayed intermediate layer. The thickness of the layer ranges between 15 and 50
micrometers. An aqueous solution of oxalic acid (7%) was used as the anodizing bath. The
bath temperature was 20 degrees Celsius, the current density was 2.5 A/dm? and the



The ironing surface was subsequently provided with an el ectrochemcally
formed antt-friction layer. To this end, said surface was anodi zed in an
aqueous sol ution of 15-18% sul phuric acid for 30-45 mn at a tenperature of -
approximately [err] C. The current 5 density was 10-30 mA/[err]. Under
t hese conditions, a layer of alum nium oxPde having a thickness of
approxi matel y 25 mcrorreters was formed on the sol eplate. The anodi zed
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3. said plate had previously been provided with a 40 microns thick aluminium-oxide anti-
friction layer in an electrochemical manner. This anti-friction layer was provided on the plate
in the manner essentially described in exemplary embodiment 1.
| | -The properties and texture of the anti-friction layer were found to be
substantially identical to those of the anti-friction layer of exemplary embodiment 1.
Measurements showed that the layer had a suitable coefficient of friction in the case of cotton
(static value 0.13 and dynamic value 0.17) and polyester (static value 0.20 and dynamic
“. value 0.21). The scratch resistance was about 5 on Mohs’ scale of hardness. The layer
further demonstrated a good resistance to wear as well as reasonably good anti-stick
properties.

()

Exemplary embodiment S.
~ A thin plate of anodizable aluminium was secured to an injection—moulded

soleplate by means of screws and a thermostable adhesive (Toshiba XE-13-A8341). Before
the plate was secured to the soleplate, it had been electrochemically provided with an
aluminium-oxide layer having a thickness in the range of 15-30 microns. In this case, optimal
gliding properties were achieved by a pre-treatment of 9 minutes etching and 1 minute
polishing. After anodizing (aqueous solution comprising 7% oxalic acid) and sealing in a
customary manner, this anti-friction layer was of a yellowish green colour and had a uniform
texture. The properties and the texture (layer roughness and asperity radius) of the anti-

- friction layer were found to be better than those of the anti-friction layer of exemplary
embodiment 4: The friction coefficient on cotton are 0.11 (static) and 0.15 (dynamic) and on -



The ironing surface of an injection-noul ded sol epl ate whose conposition
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provi ded bluetcoloup) fitst ammonium oxalate (for 2 minutes at room temperature) was added as a dye
. and subsequently potassium ferrocyanide (for 2-3 minutes at room temperature) was added.
The desired colour was preserved during "sealing” of the anti-friction layer. The other
properties of the layer were identical to those of exemplary embodiment 4.
It is noted that the metal-oxide layer can also be coloured by means of
other methods which are customarily used in the anodizing process. Examples thereof are, in
~ particular, electrolytic colouring, integral colouring or interference colouring of the layer. It
is alternatively possible to use organic dyes instead of inorganic dye salts.
The anti-friction (gliding) property of the coated sole plates is determined by the topography
of the surface. The surface topography is characterised by two main parameters:
- Arithmetic mean roughness vajue (R,) '
- Average asperity radius.
These two parameters (in popular terms: height and sharpness of the peaks) are controllable
by the chemical etching and polishing processes of the sole plates prior to anodising.
By varying the chemical etching duration, different R, values are achieved. The optimum
range of R, value is 0,4 - 0,9 um. Similarly, by varying the chemical polishing duration, a
wide range of asperity radius can be achieved. The optimum range of asperity radius is 100 -
250 pm. With these optimised R, value and asperity radius, anodized sole plates according to
the present invention possesses very low and balanced friction coefficients on many types of
fabrics:



I n the manner essentially described in exenplary enbodinent 1. The
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anti-frictfion | ayer was of a yell owi sh green colour and had a uniform

texture. hpolpemertles a(tht’C)a textur @.13 a6 r oughness and).43p0.20y
radi us) off the anti- friction | gyer were found to be petter than those of

t he anti-fh&tlon | ayer oé eyplary e L Bat 4. The frictgqe.qpegficien
on cotton are 0.11 (static) and 0.15 (dynam c) and o 7 polyester 0.14 }
(static) @ . 18 (dynam oA scrat e t ance on Mhs' al f

har dness nQ . Exenpl arya)eﬁbég ment G%h]/gsg I?n this exenpl a?ége 1 i ment, §
an iron was .manufact ured | $i ng an diate lpyer co st of a

plate of nB¥%&ble al uni %r‘#i) ovi ded hbgﬁt hin anti- gib'dw 1

(150°C) 0.10-0.12 0.15-0.16

—Ithasbeenfoundﬂ!atasoleplateofanironhavingananﬁ-fricﬁonlayer
which is formed by electrochemically oxidizing an aluminium layer has excellent anti-friction
properties. In particular the embodiment in which an intermediate layer in the form of an
anodizable aluminium plate is provided between the anti-friction layer and the soleplate is
considered to be very favourable as it can be manufactured in a simple manner.



friction |layer of electrochemcally formed al um nium oxide. This iron was .
manuf actured in the manner essentially described in exenplary enbodi nent 4.
In the present exenplary enbodiment, the anti-friction |ayer was subjected
to a colouring treatnent after anodi zi ng &nd before "sealing"” of the
internediate layer. To this end, the anti*friction |ayer was introduced
into a bath to which a dye was added. To obtain a green colour, first
copper su@émle (25 g/, for 3 minutes at roomtenperature) was added as a
dye, whereafter anmmoni um sul phate (5 wt. % for 3 nmnutes at room
tenperature) was added. To obtain a blue colour, first amoni um oxal ate
(for 2 mnutes at roomtenperature) was added as a dye and subsequently

pot assi um ferrocyanide (for 2-3 mnutes at roomtenperature) was added. The
desired col our was preserved during "sealing” of the anti-friction |ayer.
The other properties of the |ayer were identical to those of exenplary
enbodinent 4. It is noted that the netal -oxide |ayer can al so be col oured
by means bf ot her met hAudrosgomprising & metal seleplate which is pravidedawithian janti-

Pt cqr ai TBGROL ARG <HARRRrizPY 1 el o2t itoBl g Bt b Tafep of grbdbbhinantty
al t er nat i ahgthinih oxidel which is/formed 4R ah @letirochenticdlanghnef. inorgani c dye salts.
The anti-friction (gliding) property of the coated, sole plates. s

determ néd by the topo#ndramasslaimed is §rlaim d, charecteriaed da dhat dhe Greknegs ofthe
char acter, ﬁeﬁjl R¥%n %?@f% gﬁ,;éggt Qrﬁdiﬁrthf Ltbfs, EAN roughness val ue

([err]) verage a hesé two paraneters (in popul ar terns:
hei ght arB] sharpness oAntiton gsecliimeddn €Claiom 1 rorl2, ahamcterizedin thatthesaleplateisi ng -

the Chemae r°ﬁ§“3v§h?a*$ro§$s‘p&8£ﬁ%£ﬁ%ﬁf%°&ﬁo§£o Wifing 8 et S o
opti mum rxﬂ%ﬁﬂeﬁﬁ érhs‘éﬁﬁdt&ibétw@exﬂtheﬁmgfx{cﬁbﬁ %xd”tﬁea{dléplatéy varying the

chem cal I'ng duration, a wide range of asperity ra I Us can be

achi eved.4.The opti num Anrites asi claimedrin(Glaima; characterized in thache inteqmediate iayer
2coor d ng® PEiRe B meal Botaiirl Ot BRRBHULL.CES Very Tow and bal anced friction
coefficiegts on many tXAqfonods élﬁhfeﬂciﬁ ‘Claim 3, characterized in that the intermediate layer

consists of a plate of anodizable aluminium which is provided on the soleplate.

6. An iron as claimed in any of the preceding Claims, characterized in that

the arithmetic mean roughness value (R, is in the range of 0.4 - 0.9 micrometer, and in that

\'U

the average asperity radius is in the range of 100 - 250 micrometer.

7. : An iron as claimed in any one of the preceding Claims, characterized in
that the soleplate is provided with predominantly parallel, linear structures.

8. A soleplate which is provided with a heating element as well as an anti-
friction layer and which can suitably be used in an iron as claimed in any one of the
preceding Claims.

B E———

A



8 FABRI C.'TYPE- and FRI CTlI ON CCEFFI Cl ENT SOLEPLATE

STATI C DYNAM C TEMPERATURE [[err]C] (at 0.3 nms) cotton
(200[err] © 0.10- 0.13 0.14 - 0.16 pol yester
(150[err] © 0.13 -0.16 0.17 - 0.20 silk

(150[err] © 0.09 -0.13 1 B 0.17-0.19 wool

(175[err} O 0.10- 0.12 ‘ 0.16-0. 18 vi scose

(2000 0.08 -0.11 0.13 - 0.14 acetate

(150[err] O 0.10 - 0.12 0.15 - 0.16 It has been

found that a soleplate of an iron having an anti-friction |layer which is
formed by el ectrochem cally oxidizing an alum nium | ayer has excel |l ent
canti-friction properties. In particular the enbodi ment in which an
intermedi ate layer in the formof an anodi zable alum niumplate is provided
between the anti-friction |layer and the soleplate is considered to be very
favourable as it can be manufactured in a sinple manner. 9 Cains: 1.

An iron conprising a netal soleplate which is provided with an anti -
friction layer, characterized in that the anti-friction |ayer consists of a
| ayer of predom nantly al um ni um oxide which is forned in_an

el ectrochem cal manner. 2. An iron as clained in Caim1l
characterized in that the thickness of the '




anti-friction | ayer ranges between 10 and 50 m croneters. 3.

An iron as claimed in Caim or 2, characterized in that the soleplate is
made of al um niumwhich is processed by neans of injection noulding, and in
that an internediate |ayer is Situated between the anti-friction |ayer and -
t he sol eplate. 4. An iron as clainmed in Claim3, characterized
In that the internedi ate | ayer is provided by netal spraying of alum nium
5. mﬂAnlronas claimed in daim3, char d in that the

internmedi ate | ayer consists of a pl ate of anodi zabl e al um ni um which is
provi ded &onthayingAnctizfrictiog layer. An iron as claimed in any of the
preceding C ains, characterized in that the arithnetic nean roughness val ue
([err]) is in the range of 0.4 - 0.9 mcroneter, and in that the average

asperity radius is in the range of 100 - 250 m croneter. 7. An
iron as clainmed in any one of the preceding Cains, characterized in that
the soleplate is provided with predom nantly parallel, |inear structures.

8. A sol epd geriphios s glse:pbpw;m ahid tasolepita hiavidg Qhffiphdved anti-

well as an anti- friction | ayer and which can suitably, be used in-an iron

as cl ai mefri¢tiondlayero Seidosoleplate s chazatiterizedinithat the anti-friction layer consists
predominantly of aluminium oxide which is formed in an electrochemical manner. The anti-
friction layer on the inventive soleplate and hence on the inventive iron can be provided in a
simple and cheap manner. It has additionally been found that the layer thus provided meets a
large number of requirements, such as a sufficient degree of hardness, good anti-friction
properties, a low corrosion resistance a good scratch resistance, good gliding properties and
that it is easy to clean such layer. If desired, the anti-friction layer is applied to an |
intermediate layer which is situated between the anti-friction layer and the soleplate. By
virtue thereof, use can be made of an injection-mouldable aluminium soleplate on which an
electrochemical anti-friction layer can less easily be formed. The intermediate layer consists
of a sprayed aluminium layer or an anodizable aluminium layer. If desired, the colour of the
anti-friction layer can be varied by means of colouring techniques.

Fig. 1.



