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 The invention relates to a steam iron comprising a water reservoir, a
steam chamber and a water-supply system for conveying water from the reservoir to the
steam chamber, said iron comprising means for reducing the deposition of scale ih'the
water-supply system.

5 ‘Such a steam iron is known per se from United States Patent Specification
US 5,063,697, Said Specification more particularly describes a steam iron comprising a
detachable cartridge which contains an ion exchanger. When the iron is in operation,
the water reservou is filled with tap water which, dependent on the quality of the local
tap water, is hard or not so hard. This water is conveyed from the reservoir via the

10 cartridge to the steam chamber. By means of the ion exchanger, the tap water is
(partially) softened, so that the deposition of scale (predominantly calcium carbonate)
during operation of the iron is substantially reduced at the location of the water-supply . i
system and the steam chamber. In particular the depositioxi of scale in the water-supply
system constitutes a major problem because it fnay cause the conduit of the water to be %

15 vaporized to become obstructed. Obstruction of the conduit renders the steam iron
unserviceable. _ _

The drawback of the known steam iron is that the detachable cartridge
containing the ion exchanger must be replaced by a "fresh"” cartridge after it has been
used for a number of hours. This is caused by the fact that the capacity of the

20 customary ion exchangers to soften tap water is relativély small. Partly due to the
limited volume of the water reservoir it is impossible, in practice, to provide the steam
iron with a quantity of ion exchanger which is sufficient to soften the overall quantity of
water used during the entire life of the device. Owing to this limitation, exchangeable ,
cartridges containing ion exchanger are used at present. However, this solution to the ;

25 problem of scale deposition in the iron is inconvenient. In addition, this solution causes
constructional problems due to the exchangeability of the cartridge, which may be
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subject to leakage.
It is an object of the invention to obviate the above drawbacks. The
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_scale is very uniformly distributed over the walls of the steam chamber. Obstruction of

" system of the iron is very effectively inhibited when so-called "Standard Hard Water"

- understood to mean herein water having a pH-value of approximately 8, containing
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invention more particularly aims at providing a steam iron having a means for reducing
the deposition of scale and hence for reducing obstruction of the water-supply system.
Said means for reducing the deposition of scale is to be effective throughout the life of
the iron. The invention further aims at solving the problerﬁ of scale deposition in the -

water-supply system in a relatively cheap manner as regards the material used and the

construction. .
These and other objects of the invention are achieved by a steam iron of

the type described in the opening paragraph, which is characterized in that the agent
used to reduce the deposition of scale is a phosphonate compound. ' '
It has been found that this type of compound very effectively precludes
the deposition of scale in the water-supply system. Breakdown of irons as a résult of the :
water-supply system becoming obstructed is reduced substantially by the use of
phosphonate compounds. Scale deposition does occur in the steam chamber, but the .

the steam outlet ports, located in the bottom of the steam chamber, caused by scale

chippings which become detached no longer occurs.
Phosphonates in very small concentrations have a scale-growth inhibiting

effect in hard tap water For examﬁle, the deposition of scale in the water-supply

.
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containing 1 ppm of a phosphonate compound is used. "Standard Hard Water" is to be

4 mmol/l of NaHCQ;, 0.77 mmol/l of MgSO, and 2.23 mmol/1 of CaCl,. At
concentrations below 0.2 i)pm of the phosphonate compound no effective scale-growth
inhibition is observed. Up to a phosphonate concentration of approximately 20 ppm, the
degree of scale-growth inhibition is approximately proportional to the concentration. At
higher concentrations the scale-growth inhibition increases hardly if at all. In practice it
has been found that a concentration of maximally 10 ppm of phosphonate compound is
more than sufficient to satisfactorily inhibit scale growth. A concentration which is
optimal in practice ranges between 1 ppm and 5 ppm.

A further favourable property of phosphonates is that they generally
exhibit a relatively good thermal stability in aqueous solutions. For example, these
compounds do not decompose in the rclevant temperature range up to 100°C. In this
connection, it is noted tbat a sal&growth_mhibuot_such as polyphosphate has the
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disadvantage that it relatively rapidly ﬁecomposes to inactive monophosphate at a higher
temperature. '

A suitable embodiment of the steam iron in accordance with the invention
is characterized in that the phosphonate compound used is readily soluble in water, and
in that the iron comprises a metering system for introducing this phosphonate compound
into the water reservoir.

A readily soluble phosphonate compound is to be understood to mean -
herein a compound whose solubility at room temperature in Standard Hard Water
exceeds 1000 ppm. As nbted above, small quantities of phosphonate suffice to obtain an
active scale-growth inhibiting effect. Consequently, a small quantity of only a few ml of
a concentrated solution of a readily water-soluble phosphonate compound in a separate
metering system suffices to treat the overall quantity of water used throughout the life
of the iron. In such an embodiment, after the water reservoir has been filled by means-
of a, for example mechanical, metering system, the user must add a very small quantity
of phosphonate compound to the water.

Another favourable embodiment of the steam iron in accordance with the
invention is characterized in that the phosphonate compouﬁd used is moderately soluble
in water, and in that the iron comprises a metering system for introducing this
phosphonate compound into the water reservoir. . .

A modé.rately soluble phosphonate compound is to bé understood to mean
herein a compound whose solubility at room temperature in Standard Hard Water ranges
between approximately 30 pph_x and 1000 ppm. Such a moderately soluble compound
can be provided as a solid in a separate metering system. The opemﬁon of this metering
system is such that prior to the first filling operation of the iron a certain quantity of
water is drawn -from the water reservoir. After a part of the moderately soluble
phosphonate compound has dissolved in this limited ciuantity of water (typically a few
mi), this water is metered into the water reservoir after which a fresh quantity of water
is automatically drawn into the separate metering system. After a subsequent filling
operation of the iron, this new quantity of phosphonate-saturated water can be metered
into the fresh water to be treated. This process is repeated timé after time. The volume
of the separate metering system, the type of moderately soluble phosphonate compound
and the volume of the water reservoir are preferably matched to each other in such a
manner that after the phosphonate-saturated water is metered into the water reservoir the
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concentration of phosphonate compound in said water reservoir is approximately 1-5
ppm.

A further favourable embodiment of the steam iron in accordance with the
invention is characterized in that the phosphonate compound is poorly soluble in water
and is present in the water reservoir as a solid.

A poorly soluble phosphonate compound is to be understood to mean
herein a compound whose solubility at room temperature in Standard Hard Water is less
than 30 ppm. Such poorly soluble phosphoxiate compounds can be introduced into the
water reservoir as solids, so that they diréctly contact the water. Due to the low

" solubility of these compounds in water, the maximum concentration of phosphonate |

compound at room temperature never exceeds maximally approximately 30 ppm. In this
embodiment of the invention it is therefore not necessary to adapt the concentration of
phosphonate compound in the water reservoir. Consequently, if this class of

~ phosphonate compounds is used no sepa.raite metering system is required. Therefore, this

embodiment is preferred to the above-described embodiments,
In principle, the compound can be present in the water reservoir as a

" coarse-grained powder in a fine-mesh envelope. The fine-mesh envelope allows, on the

one hand, a satisfactory interaction between the water and the powder and, on the other
hand, precludes that the powder itself can obstruct the w_atcr-supply system. Preferably,
however, the phosphonate compound is pr_ovide'd in the reservoir in the form of a
compressed pellet. In principle, a loose pellet can be provided in the reservoir,
however, it is to be preferred to accommodate such a pellet in an enveI;)pe which
consist.; either partly or completely of a fine-mesh matenal In this manner, obstruction
of the water-supply system is precluded if the pellet were to decompose into smaller
parts after a prolonged period of time. . '

Very satif"actory results have been obtained with a phosphonate compound
which dissolves poorly in water and which corresponds to the formula |
Ca,[PO;-C(OH)(CH;,)-PO;] (dicalcium salt of 1-hydroxyethylene-(1,1 diphosphonate
acid)). This phosphonate compound is poorly soluble at room temperature in Standard
Hard Water, while the dissolution rate of this compound is relatively high. This
relatively high dissolution rate ensures that the maximum concentration of phosphonate
compound in the water reservoir is rapidly reached after a new filling operation.

Aspects of the invention will be explained in greater detail by means of
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exemplary embodiments and the drawing, in which

Fig. 1 is an embodiment of a steam iron in accordance with the invention,
which comprises a metering system for a phosphonate compound,

Fig. 2 shows two metering syétems for introducing a readily soluble
phosphonate compound and a moderately soluble phosphonate compound, respectively,
into the water reservoir of the iron of Fig. 1,

Fig. 3 shows another embodiment of a steam iron in accordance with the
invention, which comprises an envelope which. accommodates a pellet of a poorly
soluble phosphonate compound.

~ Ttis noted that for the sake of clarity the different components in the
drawing are not necessarily drawn to the correct scale.

Fig. 1 is a diagrammatic sectional view of an embodiment of the steam
iron in accordance with the invention. Said steam iron compriSes a water reservoir 1
and a steam chamber 2, which are separated by a partition 3. The water reservoir can
be filled with hard tap water via the inlet opening 4 which can be closed. By means of
the water-supply system 5 this water can be pumped from the water reservoir to the
stearn chamber. This water then contacts the sole plate 6 of the steam chamber which is
heated by means of heating elements (not shown). The water thus infroduced is
vaporized on the hot sole plate, after which the steam leaves the steam iron via the
steam ports 7. | |

The iron also comprises a metering system 8 for mtroducmg a
phosphonate compound 1nto the water reservoir. A metenng system for a readily soluble
phosphonate compound is dlagrammatlcally shown in more detail in Fig. 2-A. A
metering system for a moderately soluble phosphonate compound is shown in Fig. 2-B.

Fig. 2-A shows a system for metering a readily soluble phosphonate
compound. Said metering system comprises a housing 9 having a spring-mounted
niétering plunger 10 and a chamber 11 having 2 volume of approximately 4 ml. The
chamber contains a concentrated solution of a phosphonate compound which can readily
be dissolved in water. In the present case, the pentasodium salt of aminotri(methylene
phosphonate acid) was used. The plunger comprises a spindle 12 in which a groove 13
is formed. In the condition of rest the groove is present in the chamber 12. The spindle
of the plunger is maintained in the housing in a leaktight manner via the rubber guide

rings 14.
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After each filling operation of the steam iron in accordance with the
present embodiment, a small volume of phosphonate compound is metered into the

water reservoir by depressing the plunger once or more than once. As a result, a small

'quantity of phosphonate compound is introduced into groove 13 and passed to the water

present in the reservoir. Dependent on the quantity introduced into the groove and the
concentration of phosphonate, the plunger has to be depressed once or more than once.
The final aim is to bring the concentration of the phosphonate compound in the water-

reservoir to between 1 and 5 ppm.
Fig. 2-B shows another metering system which can very suitably be used

1in an iron in combination with a moderately soluble phosphonate compound. This .

system comprises a housing 20 having a spring-mounted plunger 21, a supported filter

‘22 and an outlet 23. The face end portion of the outlet almost reaches the bottom of the

water reservoir. Rubber rings 24 are used to preclude leakage of the system. The
volume of the enclosed metering space 25 typically amounts to approximately 10 ml. -
The metering space is partly filled with a moderately soluble phosphonate compound
26. In the present case said compound was tri-calcium salt of amino-tri{lmethylene
phosphonate acid) or penta-calcium salt of diethylene-triamine-penta(methylene .
phosphonate acid). _

When the steam iron comprising the metering system shown in Fig. 2-B is
ﬁlied for the first time, the plunger 21 is depressed and subsequently released. As the
plunger returns to the condition of rest a certain quantity of water is drawn into the
metering space 25. A part- of the moderately soluble phospﬂonate compound 26 is
dissolved theréin until the drawn-in water is saturated. Subsequently, this saturated
water is metered into the water reservoir at the next filling operation. As the plunger
returns to the condition of rest 2 new quantity of water is drawn into the metenng
system, so that this can-become saturated with the moderately soluble phosphonate
compound. At the next filling operation, this saturated water is metered into the fresh
water to be treated. |

Fig. 3 is a diagrammatic sectional view of another advantageous
embodiment of the steam iron in accordance with the invention. Corresponding parts in
this Figure and Fig. 1 bear the same reference numerals. In this embodiment a
phosphonate compound which is poorly soluble in water is used. This compound is
present in a housing 31 which is arranged at the bottom of the water reservoir. The
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housing comprises walls 32 of synthetic resin material (for example PMNA) and a

water-permeable wall 33 in the form of a gauze of synthetic resin (for example
polyester). In the present case the mesh size of the gauze was approximately 150
microns. This housing accommodates a comﬁressed pellet 34 of a phosphonate
compound which is poorly soluble in water. Satisfactory results were obtained with the
dicalcium salt of the phosphonate compound 1-hydroxyethylene (1,1-diphosphonate
acid). The phosphonate pellet was manufactured by axially isostatically compressing -
approximately 2 grams of powder of this compound into a moulded article. After filling
the iron in accordance with this embodiment with water, a small portion (up to
maximally 30 ppm) of the poorly soluble phosphonate can dissolve via the permeable
gauze.

A number of specimen of each of the above-described three types of
steam irons was subjected to a life test, together with a reference device: Said reference
device was a steam iron which did not contain means for reducing the deposition of
scale in the water-supply system. In these irons maximally 120 1 of Standard Hard
Water was vaporized. '

Al specimen of the three types of steam irons in accordance with the
invention passed the life test. The reference device, however, became obstructed after
44 litres. Visual inspection of the steam irons in accordance with the invention showed
that substantially no scale had deposited in the water-supply system <;f these irons,
whereas the water-supply system of the reference device was completely obstructed.
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1. A steam iron comprising a water reservoir, a steam chamber and a water-
supply system for conveying water from the reservoir to the steam chamber, said iron
comprising means for reducing the deposition of scale in the water-supply system,
characterized in that the agent used to reduce the deposition of scale is a phosphonate
compound.

2. A steam iron as claimed in Claim 1, characterized in that the phosphonate
compound used is readily soluble in water, and in that the iron comprises a metering
system for introducing this phosphonate compound into the water reservoir.

3. . A steam iron as claimed in Claim 1, characterized in that the phosphonate
compound used is moderately soluble in water, and in that the iron comprises a .
metering system for introducing this phosphonate compound into the water reservoir.

4, A steam iron as claimed in Claim 1, characterized in that the phosphonate
compound is poorly soluble in water and is present in the water reservoir as a solid.

5. A steam iron as claimed in Claim 4, characterized in that the solid
phosphonéte compound is surrounded by a fine-mesh gauze.

6. A steam iron as claimed in Claim 4 or 5, characterized in that the
phosphonate combound isa compoimd of the type i-hydmiyethylene 1,1-
diphosphonate acid) (dicalcium salt).
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