| on exchange cartridge FIELD OF THE | NVENTI ON The invention relates to an

I on exchange cartridge for appliances that consune water while in use.

Typi cal ewerrpde®smb such appliances are steamirons, coPCeaBrachiones,
espresso and cappucci no making nachines,;tea-kettles and facial saunas. The
I nvention also relates to an appliance conprising the cartridge. BACKGROUND
OF THE IblyehBHahbe &RiRIgal | y these appliances are filled with tap water that
contains hard scale causing ions |like Ca2+, M2+, HCO3 and SO4 2 . These
scal e causing ions gradually form ng scale deposits, which results in a
decreased heat transfer and performance of the appliance and finally clog
the heating el enent, channels and openi ngs. Furthernore, scale built-up in
e.g. a steamgenerator can result in bl ockage of the conponent openings
since accunul ated scal e particles can be | oosen fromthe steam generator
channel surface. For this reason sone existing appliances are provided with

an ion eYgp®\GR T¢ff INVHENGIORONPrising a water inlet and a water outlet,

between a water reservolr and a heating el enment. These known cartridges as
e. g. described i nTheSaveRtion Klateslto3m3pn 22changd eartralgenbor applianves that constvange
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cart ri dggsresRUHd @ppuckRoIRakIRY MEENiARD tedlIRtle8 lafd ifatedl ¥afaP eIl iMfontion also
Furthernore, the operator may easily observe the col our change too |ate or

not &t arlatestiar aprdigoes euynirésengtheicattridgef ai | ed appl i ance due to scale
bl ockage. SUMVARY OF THE | NVENTI ON

BACKGROUND OF THE INVENTION

Generally these appliances are filled with tap water that contains hard scale

causing ions like Ca®", Mg®*, HCO; and SO4”". These scale causing ions gradually forming
10  scale deposits, which results in a decreased heat transfer and performance of the appliance

and finally clog the heating element, channels and openings. Furthermore, scale built-up in

e.g. a steam generator can result in blockage of the component openings since accumulated

scale particles can be loosen from the steam generator channel surface. For this reason some

existing appliances are provided with an ion exchange cartridge, comprising a water inlet and
15 a water outlet, between a water reservoir and a heating element.

These known cartridges as e.g. described in U.S. Pat Nr. 4,893,422, often
comprise an ion exchange resin that changes colour when their water softening action
decreases, thus warning an operator to timely replace the cartridge.

However, the existing cartridges require a large volume and are relatively

20  expensive. Furthermore, the operator may easily observe the colour change too late or not at

all, thus becoming faced with a failed appliance due to scale blockage.

SUMMARY OF THE INVENTION
It is a first object of the present invention to provide a compact ion exchange
25  cartridge.

According to the invention, the first object is achieved by the features of claim

A cartridge according to the invention that comprises between the water inlet

and the water outlet a weak acid ion exchanger in the H" form, followed by a strong acid ion



It is afirst object of the present invention to provide a conpact ion
exchange cartridge. According to the invention, the first object is

achi eved W9 20dv9fmat ures of claiml1l. A cartridge accor diPeg/IBmos/b®edsnvent i on
that conprises between the water inlet and the water outlet a weak acid ion
exchanger in the H+ form followed by a strong acid i onexchanger in the Na+
formis dxebdngexinans Nuefornfs 1as expenbivacahd hreatiitpdct bécanRvefeniviesihadatale
causing ions only. By renoving hard scale causing ions only, |ess water
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Tabl e 1. Cal cium carbonate, nagnesi um carbonhate, cal cium hydroxi de,

magnesi wonthjmitions dentainimgwetionsyand ahiok present in altypicallyswiteremposiioon| y
slightly solubl.e in watag Al other s It1 conbi nati ons are soluble in

wat er . FORES ,mm%%ef ?ét}laé?/%lﬁ?ﬂgl[tﬁ a hard scale of the |east sol uble
conmbi nation of cations and anions is formed first. Therefore
hardness-causing ions are prinprily calcium nmagnesium bicarbonates and

sul phat es. [Cal ci um &ad magnesi UMgan react MNah bi carborlates to form
cal ci um ang—frghesitm-hydroxde Wﬁe ions form during
t he evaporatqtgn of Mog an i nkB0¥ e hard KEfe. Other |salt combination
w ||, aftengyapor apiggh of wat ppopgsSul t 1 n [hpeol vabl e Joft scale |ike
cal ci um
SOy 0.1619 73.8 42.7
Cl 159 72.7 39.2
NO; 365 257 176
10  Table 1.

Calcium carbonate, magnesium carbonate, calcium hydroxide, magnesium
hydroxide are poorly soluble and calcium sulphate is only slightly soluble in water. All other
salt combinations are soluble in water. However, during water evaporation a hard scale of the
least soluble combination of cations and anions is formed first. Therefore hardness-causing

15 ions are primarily calcium, magnesium, bicarbonates and sulphates. Calcium and magnesium
can react with bicarbonates to form calcium and magnesium hydroxides and/or carbonates.
These ions form, during the evaporation of water an insoluble hard scale. Other salt
combination will, after evaporation of water result in dissolvable soft scale like calcium
chloride, calcium nitrate, magnesium sulphate, magnesium chloride, magnesium nitrate,

20  sodium carbonate, sodium hydroxide, sodium sulphate, sodium chloride and sodium nitrate.

Completely treated deionised water is preferred in small domestic appliances,
but can not be achieved economically, since using deionised water requires a large amount of
resin in a prohibitive large cartridge and a corresponding high price for water treatment. It
has been experimentally found that the use of non-treated water, e.g., hard water in electrical

25  domestic appliances is not an option as well. Since steam channels are very small, they easily
get clogged up with scale and blockage of the component openings can occur.

The inventors found that removal of only those ions which can cause insoluble

hard scale (calcium, magnesium and bicarbonate ions) is a volume and cost reducing solution



chloride, calciumnitrate, magnesi um sul phate, nagnesi um chl ori de,

magnesi um nitrate, sodi um carbonate, sodi um hydroxi de, sodi um sul phat e,
sodi um chwornae9sasd sodiumnitrate. Conpletely treated ®eraR2@eososst er is
preferred in small domestic appliances, put can not be achieved

econom cal ly, since using deionised water requires a | arge anmount of resin
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inl et angrm, BHAbREd BYh kRbng MEIoR dxchdi@efmths NaURrmONPri ses between the water
inlet and the water outlet a weak acid |H(%p exchanger. in the H+ form

n

fol l@wed by a strdh¥eakiArid Gatienreniarindre Hnformd WAG H'disa resinngisik caxboxylicat i on
resin i IS i h r | k- u j gr oups,
capabl e SRR Rb ine s T8 bR Al vhld P Hsordfe bR Rfing
react i onreactlof) whereinttke affinitiiolf yheabsih fier see@hlcations Beywshaindemeathns is gi ven
underneath: R - COO H++Ca2+ +2HCO (R COO ) 2Ca2+ +2H2CO H+ " Pb2+ >Ca2+ >Cu
2+ >Cd 2+ >Zn2+ >My2+ >Ag2+ >K+>Na+ A WAC H+ therefore renoves in
particular the Ca and My ions which are

2R-COO™ H* +Ca® +2HCO,” —>| (R—-C0O0™),Ca™ +2H,CO,

H* >>Pb™ > Ca™ >Cu* >Cd* >Zn™ >Mg* > Ag” >K* > Na*

15
A WAC H" therefore removes in particular the Ca and Mg ions which are
related to the HCO; ions, hereinafter denoted as the temporary hardness.
The remaining Ca, Mg and minor amounts of other metals that precipitates
with sulphate ions subsequently is removed by a Strong Acid Cation exchange resin (SAC
20  Na"). This resin can also be in the K" form. However the Na" form is preferred since the
affinity for Ca and Mg ions of a resin in the K* form is lower than in the Na" form. A Strong
Acid Cation exchange resin in the H' form (SAC H") cannot be used, as the formation of
corrosive acid by exchange with H™ ions should be avoided. A SAC resin bounds metal ions
according to the reaction below, wherein the affinity for metals is given underneath:
25

2R-S0O,” Na* +Ca™ —» (R-S0,),Ca®* +2Na*

PB* >Ca™ >Cu™ >Cd* > Zn"* > Mg™ > Ag™* >K* > Na*

Weak and strong acid cation exchange resins are commercially available from

e.g. Rohm and Haas, Dow, Sybron Chemicals, Purolite and Resin Tech.



related to the HCO3 ions, hereinafter denoted as the tenporary hardness.
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resins, a NO; form strong base anion exchange resin can be used for extra safety in case that

there is a small Ca ion leakage. Furthermore, NO; salts are very soluble (more soluble than
15  NaSOj; salts), thus easy to remove by steam and a self-clean.

It is a second object of the invention to provide a means that switches off the
appliance when the cartridge should be replaced.

A known way to measure total amount of dissolved solids (TDS) is to measure
the electric conductivity of the treated water as e.g. described in JP5513233. However, this

20 common detection principle does not detect the removal of hard scale causing ions since the
relationship between conductivity and TDS is greatly affected by the types of dissolved
solids or salts present in the solution. This problem is solved by the inventors using an ion
exchange cartridge, wherein a first and a second probe are present to measure hard scale
causing ions by a difference measurement of the electric conductivity of incoming water and

25  water that has passed one or both ion exchangers.

The first probe may be located at the water inlet of the cartridge and measures
the conductivity of the water to be treated. The second probe may be located at the water
outlet of the cartridge, but is preferably located just after the WAC H' resin and measures the
conductivity of the water from which the temporary hardness is removed. The difference

30  between the conductivity measured by both probes should be constant as long as temporary
hardness is removed by the WAC H" exchanger. If an increase in conductivity read by the
second probe and a resulted decrease in conductivity difference between the first and the

second probe is detected, the lifetime of the weak acid cation exchange resin is ending and a
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15 second probe after finishing the use of the appliance, to force an operator to replace the

cartridge.

If the operator is using deionised water, the first probe will measure a low
conductivity and no action will be taken.

The invention is further related to an appliance, and in particular a steam iron,

20  comprising a cartridge of the invention. It is to be noted that an appliance particularly an

electrical appliance may comprise a steam iron, a coffee machine, an espresso and
cappuccino making machine, a tea-kettle or a facial sauna. It is preferred that the appliance
according to the invention comprises a detection system that switches off the appliance after
use of the appliance, for instance to force an operator to replace the cartridge, or to regenerate

25  the ion exchangers.

SHORT DESCRIPTION OF THE FIGURES
Fig. 1 shows a cartridge according to the invention.
Fig. 2 shows a steam iron comprising the cartridge of the invention.

30 Figs. 3 and 4 show steam generators used in the steam iron of Fig. 2.

DETAILED DESCRIPTION OF THE FIGURES
Fig. 1 shows an ion exchange cartridge according to the invention comprising

between the water inlet 1A and the water outlet 2A a weak acid ion exchanger in the H' form



To avoi d an unexpected switching off of the appliance during its use, the
second probe is placed after the weak ion exchanger in the H+ form
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water outlet are positioned at the non-visible backside of the cartridge, to allow the cartridge

to be replaced via an opening at the left side of the iron. A first probe 16 and a second probe

15 17 are positioned at respectively the water inlet and the water outlet of the cartridge.
Fig. 3 and 4 are steam generators after subjected to respectively Comparative

Experiment A and Example 1.

EXAMPLES AND COMPARATIVE EXPERIMENTS
20 All examples and comparative experiments were carried out with standard
hard water (SHW) of the composition as given in table 2, which is generally used as model

water in testing of domestic appliances.

Cations | Concentration | anions Concentration
mmol/l mmol/l
Ca™ 2.23 Cr 4.46
Mg* 0.77 SO~ 0.77
Na’ 4.00 HCOs [ 4.00
Table 2.

25
The examples and comparative experiments are carried out using a steam
generator with a volume of 8.8 cm’, followed by steam channels and nozzles. Scaling tests

with simulated user operation condition have been done using a steam program.

a

a



SHORT DESCRI PTION OF THE FIGURES Fig. 1 shows a cartridge according to the
I nvention. Fig. 2 shows a steamiron conprising the cartridge of the
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steam generators after_ subjected to respectively ConApar ative Experinent A
and Exanipye of scale can be found covering the complete steam channel. A decrease in steam

generation at the nozzles is already observed after running a few litres of SHW. Complete
15  blockage occurred during the self-clean since scale particles are loosed from the steam
generator and blocked the orifice of the nozzles. After 11 litre SHW, loose scale particles

have been found in the nozzles, tubes, divider and deviator.

Comparative Experiment B

20 A scaling test was carried out with 33 litre of SHW that has passed through a
cartridge comprising 58 ml WAC H" exchange resin (Amberlite IRC86). The test was carried
out by a three-fold program each time followed by a self-clean. A small amount of scale was
built up in the steam generator. Repeating this test with a cartridge comprising 300 ml WAC
H' exchange resin caused scale in the steam generator.

25
Example 1.

A scaling test was carried out with water that has passed through a cartridge
comprising 75 ml WAC H' exchange resin (Amberlite IRC86), followed by an amount of
75 ml of a SAC Na' exchange resin (Amberjet 1200 Na) with 50 litre of SHW. The test was

30 carried out by the steam program each time followed by a self-clean. No scale was found in

the channel part of the steam generator (Fig. 4). There was no blockage of the nozzles. It can

be concluded that soluble soft scale was removed with steam and/or self-clean.



EXAMPLES AND COVPARATI VE EXPERI MENTS Al | exanpl es and conparative
experinments were carried out with standard hard water (SHW of the
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of scal gi&anitdeer f ound coverlng t he conpl ete steam channel. A decrease in
steam generation at the nozzles is already observed after running a few
litres of SHW Conpl ete bl ockage occurred during the self-clean since scale
particles are |l oosed fromthe steam generator and bl ocked the orifice of
the nozzles. After 11 litre SHW | oose scale particles have been found in

t he nozzl es, tubes, divider and deviator.



Conparative Experinent B A scaling test was carried out with 33 litre of
SHWt hat has passed through a cartridge conprising 58 mM WAC H+ exchange
resin (Arwerbed/®s18RC86). The test was carried out by a PhraB200ebIepr ogr am
each tinme followed by a self-clean. A srm@ll anount of scale was built up in
the steam generator. Repeating this test with a cartridge conprising 300 n
WAC H+ eichEvige resin caused scale in the steam generator. Exanple 1. A
scaling test was carried out with water that has passed through a cartridge
conprising 75 m WAC H+ exchange resin (Anberlite 1 RC86), followed by an
amount of 75 ml of a SAC Na+ exchange resin (Anberjet 1200 Na) with 50
litre of SHW The test was carried out by the steam program each tinme
followed by a self-clean. No scale was found in the channel part of the
steam generator (Fig. 4). There was no bl ockage of the nozzles. It can be

concl ud t hat sol { L | t I .

sel f-cl glgn. Exanpl eIH‘g%’?CRa@%ﬁ%@‘?@g@%@@ﬁ%@%&%@,aﬁ%@. {aeg v§’/\},1letr fa
conduct ithé tattriige lkemPrisds, béteewnthe watdtlinlet dndathel wates @atdeiga pealbacid igul aced after
60 mM of the WAC H+ resin 5, followed by another 15 ml WAC H+ resin 6.and a
conpar t ri¥Ahanget 1 the Hyjforan follemed bysa sirongiagid ion gxehengssitn thedpy farm apd/or Kced

after a%?n_% decrease of the conductivity difference neasured by the two
pr obes. ter 154 litre of SHWand 2 replacenents of the cartridge there
was 1o bl ockage of the nozzles. Even wi thout using a self-clean, no

soft-scale was forped..in the,.steam.generatar,, whi ch ans that soft-scale
mot e e o (e o RiRE e ovdah thd G iP5 exolpest 14 in e
exchangengapihi dge conprising a water inlet and a water outlet, wherein the

cartridge conprises, between the water inlet and the water outlet, a weak
acid ion

3. Cartridge according to claim 1 or 2, wherein a first and a second probe are
10  present to measure hard scale causing ions by a differential measurement of the conductivity

of incoming water and water that has passed one or both ion exchangers.

4, Cartridge according to claim 1, 2 or 3, wherein the first probe is placed before
and the second probe is placed after the weak ion exchanger in the H" form.

15
5. Cartridge according to claim 4, wherein the second probe is followed by a

further amount of weak ion exchanger in the H" form before the strong acid ion exchanger.

6. Cartridge according to any one of the claims 1 to 5, wherein the strong acid
20  ion exchanger is followed by a third ion exchanger being a NO; form strong base anion

exchange resin.

7. Appliance, in particular a steam iron, comprising a cartridge according to any
one of the preceding claims.

25
8. Appliance according to claim 7, comprising a detection system having two
detection points corresponding to the first and second probes, which system switches off the
appliance at a preset decrease of a conductivity difference measured between the first and the

second probe.



exchanger in the H+ form followed by a strong acid ion exchanger in the
Na+ formand/or K+ form 2. Cartridge according to claiml, wherein the
strong acwo 20@wn9sesehanger is in the Nat form 3. Cartri ¢ge/IBRO@niicsy t o
claiml or 2, wherein a first and a secq Pd probe are present to neasure
hard scal e causing ions by a differential neasurenent of the conductivity
of incom ng water and water that has passed one or both ion exchangers. 4.
Cartridge accordlng toclaiml, 2 or 3, wherein the first probe is placed
bef or e g%d the sed¥iapseqseordingdp slavn Samherein the dgtestion systeax isionded Wiht he
H+ form r IS
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t he stromgoﬁdmdmpbmwexchanger. 6. Cartridge according to any one of the
claims 1 to 5 wherein the strong acid ion exchanger is followed by a third
i on exchanger being a NO3 form strong base ani on exchange resin. 7.

Appl iance, in particular a steamiron, conprising a cartridge according to
any one of the preceding clains. 8. Appliance according to claim?7,
conprising a detection system having two detection points corresponding to
the first and second probes, which systemsw tches off the appliance at a
preset decrease of a conductivity difference neasured between the first and
t he second probe. 9. Appliance according to claim8, wherein the detection
systemis provided with an electronic device that switches off the
appliance at the preset decrease after finishing the use of the appliance.



