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INTRODUCTION

Water is essential in our daily lives. Water foummd natural environment always

contains various dissolved substances, includidgiwwa and magnesium salts, that
cause the hardness of water. Although hard wates dwmt pose health hazards, it
nevertheless leads to inconveniences in the holgshby causing scaling on the

heating elements during heating, and that in tawuses congestion of pipes, reduction
of life of heating devices and increases energgaoption.

There are several options for softening water amd-dducing the formation of scale.
This paper focuses on the magnetic treatment oémntaat, despite it became known
already in the 1930s, is not a widespread method.

As up to now there are only a few reports on stfienproof of the efficiency of
magnetic treatment of water in literature and a mom understanding as to what
happens to water in the magnetic field is lackittys method is often met with
scepticism [1, 5]. On the other hand, such equigrisean sale and the users claim that
magnetic devices are beneficial for controlling thvenation of scale [2].

The research addresses building and principlespefation of permanent magnetic
devices. As the building of a magnetic device isamplicated, a magnetic descaler for
treating water is made of available materials aidefficiency in the reduction of
scaling is studied.

The objective of research is to determine whether and to what extent magnetic
descaler (incl. home-made) reduces the formatiastale compared to untreated water.

Research allows making recommendations for wagatrirent for reduction of scale
build-up.
The hypothesis was proposed that magnetic treatroensiderably reduces the

formation of scale deposit and building an effitiBlome-made magnetic descaler is
possible.



1. THEORETICAL BACKGROUND

1.1. Hardness of water

Natural water usually contains dissolved calciund amgnesium salts. Based on the
content of Ca and Mg ions fresh water can be dd/idéo hard water (high content of
Ca and Mg ions) and soft water (low content of @d &1g ions). Hardness can be
expressed as the content ofCia water (mmol/L). The common €zoncentration in
drinking water remains between 1 and 5 mmol/L. Megum salts are usually soluble
and thus their concentration is lower. Limestone eimalk are the major sources of Ca-
and Mg ions. Water hardness depending on the coaotebda and Mg ions is provided
in Table 1.

The most widely used units of measurement of hasinee:

— mmol/L
1 mmol/L is equivalent to 40.08 mg/L €éons or 24.31 mg/L M ions

— German degree of hardne8sh)
1°dh equals 10 mg/L CaO or an equivalent amounbtber Ca and Mg

compounds

Table 1. Classification of water based on hardfE3Js

Very soft water < 0.75 mmol/L 0-2h
Soft water 0.75 — 1.5 mmol/L 2 -8h
Slightly hard water 1.5 — 3.0 mmol/L 5 — ddh
Hard water 3.0 — 4.5 mmol/L 10 — 2dh
Very hard water > 4.5 mmol/L > Ztih

There are two types of hardness: permanent hardaeds temporary hardness.
Permanent or non-carbonate hardness is associatbd MgCl,, CaCh, MgSQ..
Temporary or carbonate hardness is due to thermresd Ca(HCG), and Mg(HCQ)..
Non-carbonate hardness and carbonate hardnessdoget called total hardness of

water.



It is more practical to use soft water at homet 3@iter makes soap foam and leaves
skin silky and the formation of scale depositsaduced; the latter actually being the
most relevant problem caused by hard water. Raiterwand distilled water are
examples of soft water, also the water in the nakwater bodies in Estonia — rivers
and lakes, is quite soft while water in dug weklsl dore wells is usually harder and
seawater is extremely hard. The hardness of warges/a lot depending on the location
(well), where the water is extracted at that monagrt also on the season. In Estonia no
standards are applied in regard of drinking waberentific proof on health hazards of

hard water is non-existent.

1.2. Scale

Natural water comes into contact with calcium aragnmesium carbonates in soil. These
carbonates are not water-soluble, but, reactircgtbon dioxide present in water, water-
soluble bicarbonates are formed:

CaCQ + CO + HO — Ca(HCQ), 1)

During heating of natural hard water, bicarbonaliesolve and scale deposits settle on
the heating element:

Ca(HCQ), —“>» CaCQ| + H:0 + CQ 2)

As scale is an effective insulator, it adds to higher electric bill of water consumers,

depositing on heating coils of boilers, washing hmiaes and dish-washers or plates of
heat exchangers. A layer of scale of one mm inese@nergy consumption by 10%

during the heating of water, while a layer of 1 icrtreases it already by 50% [2]. Scale
causes silting of shower sieves and water pipexkiig of flush tanks, increases

detergent consumption for laundry, makes tea t#dime, makes skin on hands coarse,
and shortens the life of heating devices. Figurshbws the increase in energy
consumption depending on the thickness of scakr lay
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Figure 1. Increase in energy consumption depenainie thickness of scale [2]

Scale can be removed from surfaces with the helghemicals (acids). Formation of
scale sediment can be inhibited by softening or maaig treatment. Over time, soft
water also ,dissolves” scale that formed earliedl aaves detergents, washing powder
and soap up to 50% [6].

1.3. Water softening

Boiling
Boiling is the least complicated method of wateftesung. Boiling decomposes
bicarbonates present in natural water accordirthecequation (2) and it results in soft
water, but also scale deposits on the walls ofihgatlement. Boiling removes only
temporary hardness of water.
Water softeners
Water softeners are used for preventing formatibmmeral sediments (caused by
water hardness, etc.). Application of chemical radth means using the following
compounds for softening water:
— carbonates of alkaline metals, silicates, orthophates — form a sediment with
Cé’ions:
Cd* + NaCO; - CaCQl + 2Nd (3)



— polyphosphates and organic complexing agents, asiethylenediamine
tetraacetic acid (EDTA) Na salt or trilone-B — biGe’* and Md" ions into
stable coordination compounds.

lon exchange

lon exchangers are small particles of solid maieanules) that exchange their ions
with other ions in the solution. For instance, d@iréh water is forced through Na cation
filter, C&" and Md" ions in the water are replaced by'lns. Thus the filtered water
contains sodium salts in an equivalent amount to &a Mg-salts. The general salt
content and anion content in particular is not éased, but due to the high solubility of
Na-compounds no scale or non-readily degradable poands with the major
components of detergents or surface active agesesdrom the heating of such water.
The process is cyclical — after Nans have been replaced by’Cand Md" ions, filter

has to be regenerated.
Reversed osmosis

The method of reversed osmosis is applied for rengodissolved salts from water
This is a water purification technique based on tame technology. Water flows
through a special membrane after a multistage lfefig process that removes from
water most (up to 99.8%) of the substances disdothere (minerals, salts). The

membrane also removes bacteria and viruses [7].

1.4. Magnetic treatment

Magnetic treatment is treatment of water applyinggnetic devices. Both permanent
and electric magnets are used for creating magfietit The use of magnetic devices
is simple — the device is fitted to a cold watgwepithrough which water flows into a
building. Passing through the pipe, water also gm#srough magnetic field (see Figure
2). Actually water is a diamagnetic (i.e. waten@ magnetised), but as water contains
additives to a lesser extent, the properties oéwatoperties are still subject to change.
Less scale is formed while heating water that leenisubject to magnetic treatment.
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Figure 2. Water treatment in magnetic field

Today several explanations have been given aseteffiect of magnetic treatment of
water. One of the most widespread explanationfasfallowing: magnetic treatment
does not cause any changes in the chemical conguosit water, what is changed is
the crystal structure of calcium carbonate thgirexipitated during the heating process
— calcite is replaced by mineral aragonite [2].

Tests have shown that the purer the water the smalkk effect of magnetic treatment.
It has been shown that during magnetic treatmemtadér a competing process inhibits
crystallisation of calcium carbonate that considtthe activation of colloid particles of
silicium dioxide, and after that they adsorb caieciions and the formation of scale is
reduced [3].

The effect of magnetic treatment has been alsoaggd by its impact on the inner
structure of water and hydrogen bonds, presenceawdus additives, impact on the

electron configuration of atoms etc. [4].
The following effects have been specified as theebts of magnetic treatment:
— pipelines and heating devices are not congestduseile,
— shower sieves or flush boxes are not blocked, @r thllockage is considerably
slowed down (depending on water),

— washing up of surfaces coming into contact withewvgin kitchen, bathroom,
WC) is substantially easier, cleansing of utensedifor boiling is easier and
kitchenware and tableware retain their shine,

— it is easier to wash hair and do laundry and leserdents are required for
washing,

— skin irritations resulting from hard water and gigmn are reduced or disappear,



— operation of a magnetic device is maintenance-ied no accessories are

required [2].

1.4.1. Aragonite and calcite

Chemically, both aragonite and calcite are Cg@t their crystal structure is different.
During boiling of untreated water mostly calcitedaim case of magnetically treated
water mostly aragonite is formed. Aragonite is cdasbly more soluble (up to three
times), crystals are denser and non- adhesivaethdting sediment is a dusty powder
that is easily removed by flowing water. A thin pievy sediment remains on the walls
of heating devices and pipes. In case of stagnaténgediment settles on the bottom of
the utensil (boiler, water tank). Calcite, on tlteev hand adheres to the surfaces that
come into contact with water and a nonsoluble drahg layer of scale is formed there
[2].

From the above a conclusion can be drawn that ifake an equal amount of untreated
and treated water, boil both and to pour waterfaumh both flasks and weigh the latter,
the flask which contained magnetically treated waghould weight less than the flask
which contained untreated water.

Differences of the crystals of calcite and aragoo#n be observed on Figures 3 and 4.

Figure 3. Aragonite [2] Figure 4. Calcite [2]

The content of aragonite and calcite on the wdllseakers and the differences herein
can be established by X-ray diffraction analysis }8ray diffraction analysis is based
on the diffraction of X-rays and it provides infaation on the main components of the
mix of solid substance. The accuracy of the deteation of concentration depends on
the composition, generally remaining on the le¥edemmi-quantitative determination.



1.4.2. Magnetic descaler Elcla

There are various companies that produce magnetices for water treatment.
Devices used for magnetic treatment of liquids edifby several parameters. Low-
performance equipment with the capacity of up to*Ip.h. is sold in a large selection.
The output of industrial transformers reaches 56680 and more. In case of lower
output, permanent magnets are used for genera@mgnetic field, while electromagnets
are used for industrial purposes. The construatibaquipment containing permanent
magnets is less complicated and their operati@asser. Magnetic descaler Elcla, used
in this research is just one of many magnetic amv/for water treatment.

The construction of the magnetic device Elcla israarely simple — a pipe that is
surrounded by permanent magnets. In some modettaihi) water flows straight
through the sheets of magnet.

According to the requirements, the product comedglifferent sizes: Elclamini (for
washing machines, boilers) and Elcla 1...8 (for gevaouses, apartment houses). The
main users of Elcla magnetic descalers are largferias and plants but also owners of
residential buildings, private individuals. Permiainenagnet devices are shown in
Figure 5.

Figure 5. Permanent magnet devices (Elcla) for mtegatment [2]

The residual induction of Elcla permanent magnetrite) is 3900 Gauss, Elclamini
(Nd-Fe-B-magnet) - 14 000 Gauss, that is actuatly subject to change over time.

1C



Elcla magnetic descalers are able to resist teryresaup to 450 C, Elclamini — 310 C.
The devices are not shock-tolerant.

It is feasible to connect Elcla magnet directlytte cold water pipe entering the
house or apartment, if necessary, it can alsottegl fio hot water pipe. Elcla magnet can
be also installed separately to specific heatingcdgs (water pipeline before hot water

boiler, washing machine, dish-washer and/or bathnjoo

The best results are yielded by a device whiclttedfto the cold water pipe and during
the heating water temperature in the system resasmaximum of 80 C. Elcla functions
also while applied to only cold or only hot watét 100 C the effect of magnetic

treatment of water starts to diminish.

Elcla's effect is maintained for hundreds of metepipeline (such as in the factories).
In the pipelines, under the pressure, the effecthef magnetic field remains for 48
hours, while outside the pipeline the effect ldsts. In case of a single device it is
advisable to install Elcla as close to the devegassible. The performance increases
when a second magnetic device is used in casevatex circulation system. [2].

1.4.3. Permanent magnets

In this work the permanent magnets of computer liksd were used for building a

magnetic device (Figures 6 and 7).

Permanent magnet is a piece of magnetic materglrétains its magnetic properties
within a longer time period and remains magnetigks without the presence of an

external magnetic field.

Ferromagnetics iron, nickel or cobalt or their yl@re used as permanent magnets. The
last half-century has added rare earth metals waigh magnetic permeability:
dysprosium (Dy), gadolinium (Gd), terbium (Tb) anespective alloys. As is well
known, ferromagnetic (Fe, Ni, Co etc.) materialse drawn towards a magnet and
diamagnetic materials (Ag, Cu, Sn et.al., also wapeaphite) are repelled by a magnet
while paramagnetic materials (Al, Cr, Ti etc.) alightly magnetised.

Also such alloys are known where component metasnat ferromagnetic while the
alloy is [4]. Neodymium magnets are powerful perar@nmagnets (residual induction
up to 1T) comprising an alloy of iron, neodymiumdaporon. Its drawbacks include

11



mechanical fragility and a relatively low Curie teenature - 312°C (Curie temperature
is a temperature at which a material loses allmegnetic properties). Neodymium

magnets are also used in power engines, sensodspeakers, computer hard discs,
permanent magnetic devices etc.

Figure 6. Computer hard disc Figure 7. Permanagnets within a hard
disc
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2. MATERIAL AND METHODOLOGY

2.1. Home-made magnetic device for water treatment

The operating principle of the home-made magnegiciag is similar to that of the
factory-made ones. In this research a magneticcdewas built using a plastic water
pipe (a PVC hose as this is not magnetised) anthgent magnets. Neodymium
magnets present in the computer hard discs weik as@ermanent magnets and they
were fitted around the PVC hose (two magnets ialtoMagnetic descaler is shown on
Figure 8. Water was forced through the PVC hoserfatment and thus it also was
forced through a magnetic field.

Figure 8. Home-made magnetic device

2.2. Public water supply in the town of J6geva

In this work water from the public water supplytime town of J6geva is used. The
study conducted in 2006 [8] showed that water igeva is rather hard: the total
hardness is 3.3 mmol/L, temporary hardness is Butibl/L, causing therefore a lot of
scale. In the tests water from two sources is usgdwater from the J6geva Co-ed and
the apartment house at Rohu 4. Water from JdgevaedCes used both in the

13



comparative test (untreated water) as well as feattnent with the home-made
magnetic device. In Rohu 4 the magnetic descalda i installed to the water system
of an apartment house.

As in this work water samples from different sogreee studied, it must be ensured that
similar water samples are obtained for comparideor. that purpose the carbonate
hardness of samples is measured (if the carbomatiéss of the samples is not equal,
the heating of the samples would cause a diffeaambunt of scale). Titration with
hydrochloric acid is used for measuring temporandhess.

2.2.1. Determination of carbonate hardness

Titration is a method for determining the contehtsabstances/ions/elements that is
based on the reaction of the analyte (titrated tamlog) with the reagent of known
concentration (titrant).

Carbonate hardness is determined by titration wvagldrochloric acid. Ca and Mg
bicarbonates react with hydrochloric acid from ¢gg@ation (4).

Ca(HCQ,), T Ca*

Mg(HCO,), Mgz* +H,0+2COQO, (4)

Knowing the volume of hydrochloric acid used up time reaction and molar
concentration and the volume of water, the molarceatration of bicarbonates in the
water can be determined from the equation (5), thatl expressed in millimoles per
litre, is a characteristic of temporary hardnessthiyll orange is used as an indicator in
titration.

VHCI 'CHCI

5
v (5)

CCa(HCO3)2 =

14



2.3. Estimating the impact of a magnetic device

Research was conducted in November 2006, in Joges&aall town in Estonia. The

process is described below.

1. Titration before heating of water

10 cn? of water under study was poured into the beaker tam drops of indicator,
methyl orange, were added, as a result the watgrirad an orange hue. HCI solution
was dropped from burette until water turned pink{gliigure 9). The reading was
recorded and the test was repeated four times,teaehusing a new water sample. Also
water samples treated with magnetic devices wéaead with hydrochloric acid. The
results of titration with hydrochloric acid are pided in Annex 1.

Figure 9. Water before (left) and after (rightjatton with hydrochloric acid

2. Heating of water and comparison of scale formation

In order to compare the efficiency of magnetic desias reducers of formation of
scale, the formation of scale in magnetically tdadnd untreated water was compared.

First, an empty flask was weighted, then 600 mlmtreated water was measured into
it. Water was heated to the temperature 98 9@ut so that water does not boil although
slow bubbling starts (Figure 10). While pouring theated water out, the flask was
shaken so that the suspended scale would be remotrediater. Heating was repeated

10 times while each time a new water sample wag.use

1t



The heating of water for 10 times was required lher formation of a larger amount of
scale, as only technical scales were availableufacy 0.01 g). Also, the repeated
heating of water creates a situation which is cléseeal life where water in boilers and
kettles is heated repeatedly.

Analogical tests were conducted also with wateaté@ by magnetic descaler Elcla and
water treated with home-made magnetic device (hegiwith both).

After boiling flasks were left to dry and then thegre weighted again. The initial and
end masses of the flasks are provided in Annex 2.

3. Titration after the heating of water

Titration after the heating of water is necessargrioter to be sure that residual hardness
was equal (i.e. heating took place under equalitond).

As a part of scale that formed is suspended inrdaded water after heating in the form
of aragonite that also reacts with hydrochloricdabiefore taking a sample for titration
scale was allowed to precipitate in a separate dseakhe measuring of temporary
hardness (titration with hydrochloric acid) was docted similarly as in Clause 1. The
results of titration are provided in Annex 1.

Figure 10. Heating of water in a flask

16



3. RESULTS

Titration of water samples before heating revealet the carbonate hardness of all
samples was equal. This allows us to conclude treakequisites for the formation of

scale were similar, and that in turn allows to make objective assessment of the
sedimentation of scale on the surface of the beakes hardness of the treated and
untreated water was equal also after the heatiogs€juently, the quantity of scale that
is formed is equal for treated and untreated wateile the difference lies in the

sedimentation of scale on the surface of the beakee summary of the results of
measurement of carbonate hardness before andaftieig are provided in Table 2.

Table 2. Titration results

Temporary hardness (mmol/L
Sample p. Y ( .)
Before heating After heating
Untreated water 3.00 2.25
Water treated with home-made magnetic 3.00 2.25
device
Water treated with magnetic device Elcla 3.00 2.25

Subtracting the initial mass of the flask usedHeating from its end mass the mass of
scale sedimented during the heating of & dfrwater is determined (Table 3).

Table 3. Mass of deposited scale

Sample Mass of scale (g)
Untreated water 0.33
Water treated with home-made magnetic 0.09
device
Water treated with magnetic device Elcla 0.04

17



Measurements revealed that the amount of scaleefbron the surface of flask during
the heating of untreated water was the largestievithivas the smallest upon the heating
of the water treated with magnetic descalers. Tiolrless of the scale layer can be also
seen by naked eye (Figure 11). The walls of the& flesed for heating untreated water
are covered with a lot of scale and the flask @que. The flasks used for heating water
that was treated with home-made magnetic device magnetic descaler Elcla
contained considerably less scale — the flaskdransparent. The flask that was used
for the heating of water treated with the magneééscaler Elcla, is the cleanest.

a b C

Figure 11. Flasks used for heating a) untreate@mnvh) water treated with home-made
magnetic device and c) water treated with magrsscaler Elcla

18



4. DISCUSSION AND CONCLUSIONS

The measurement revealed that the sedimentatiorh@rsurface of the beaker was
extremely different in case of untreated and tikatater: magnetic device materially
reduced the sedimentation of scale on the flaskswaluring the heating of water
treated with the magnetic descaler Elcla, the folonaof scale was reduced by 8.3
times compared to the amount of scale that forned aesult of heating untreated
water, and by 3.7 times while heating water treatgith the home-made magnetic

descaler. Comparison of masses of the scale isrsbawrig. 11.

0.35

o
w

0.25 -

o
N

0.15

o
=
|
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0.05

0 T T | l

Untreated water  Water treated Water treated
with home-made with magnetic
magnetic descaler Elcla

descaler

Figure 11. Mass of scale deposit

The result of the home-made magnetic device waselifisgent compared to magnetic
descaler Elcla. The reasons for the lower performaricthe home-made magnetic

device can be different:

— The different composition of permanent magnets &eddifferent structure of the
device. In the apartment house at Rohu 4 an Eldaadier with ferrite magnet is
used while neodymium magnets were employed in timeehmade magnetic device.
The magnetic field strength of the neodymium magdepgends substantially on the
distance of poles (unlike ferrite magnets, thengjtie of magnetic field diminishes
quickly when the distance grows). As the PVC hasesduvas quite thick, the impact
of the magnetic field could have been weak. Evigeritie efficiency of magnetic
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treatment is also influenced by the length of maghke magnets of the computer
hard disc employed are narrow (water was subjethidamagnetic field for a short
time).

— Inaccuracies in measurement: difference in timéadting water, inaccuracies in
weighting of flasks (technical weights) and titoati

Future research should focus on the problem hownpyove the performance of the

home-made magnetic device — as the efficiency dipen the number of magnets, the
distance between the poles and their reciprocalepi@nt, the length of magnet, the
material of magnet and the hose used. As this reséacused on the sedimentation of
scale under static conditions, the formation oflescender dynamic conditions — when
water is moving in the pipes that are heated - lshitwe studied. Besides that the
composition of water should be observed: what ésithpact of various additives, pH

etc.

The research confirmed the hypothesis that magmietiecces essentially reduce the
formation of scale and it is possible to build agmetic device for water treatment at
home from available materials. Still, it shouldrentioned that as some authors think
[1, 5] that the efficiency of magnetic devices deggeon the additives in the water, the

results obtained are valid in regard of the pulstater supply in the town of J6geva.

Use of magnets obtained from old computer hardsdfec building of home-made
magnetic device could be one option for findingagplication for the components of
utilised hard drives.

2C



SUMMARY

During the research the measurement of the hardofesster was learned and the

effect that magnetic descalers have on the formatioscale was determined. It was

revealed that the use of magnetic descalers isteféeas they significantly reduce the

sedimentation of scale. Comparing magnetic devared other methods (reversed

osmosis, ion exchange, water softeners) as redotersmle, magnetic descalers are the
most effective as they are maintenance-free andatgpéterminably, they do not lose

their magnetic properties. Magnetic devices do gartsume any additional resources
after completion (no need to add reagents, regenematerials etc.). Thus it is a

environment-friendly method.

Magnetic devices can be made at home. In this refsggermanent magnets present in
the computer hard disk were used for building tleeick that proved to be quite

effective. Using old hard discs to make scale prmeas would be a good opportunity to
find an application for the components of old hdists.

In J6geva, where the water is rather hard, the isitigmn of magnetic descalers by
households would be reasonable indeed as in tlgetammeframe the life of heating
units (boilers, kettles) will be prolonged and thsk of pipeline blockage will be
reduced by the use of magnetic descalers.
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ANNEXES

Titration of carbonate hardness

Table 1. Untreated water (unheated)

Annex 1

Initial reading (cm) Final reading (cr) V(HCI) (cm’)
10.6 11.8 1,2
11.8 13.0 1.2
13.0 14.2 1.2
14.2 15.4 1.2
Average 1.2
3
Ca(HCOy), — Vi Cria = L.zem 0.043998\/| = 0.002998gril ~ \':’..OOm—mOI
DT 2V, 2-10cm L L

Table 2. Untreated water (heated)

Initial reading (cm) Final reading (cr) V(HCI) (cm’)
16.5 17.5 1.0
17.5 18.4 0.9
18.4 19.3 0.9
19.3 20.2 0.9
Average 0.9
3
Contico, _ Vi "Cug _ 09cm -O.O43998\/I 20.0022491mol N 225mmol
DT 2V, 2-10cm L L

Table 3. Water treated with magnetic descaler Elath¢ated)

Initial reading (cm) Final reading (cr) V(HCI) (cm’)

17.4 18.5 1.1
18.5 19.7 1.2
19.7 20.9 1.2
20.9 22.1 1.2

Average 1.2

3
Ceatricoy), = Vi Cria = 1.2em -0.043998\/| = 0.00299854«ril ~ \':’..OOm—mOI
DT 2V, 2-10cm L L
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Table 4. Water treated with magnetic device Elclaigd)

Initial reading (cm) Final reading (cr) V(HCI) (cm’)
10.1 11.0 0.9
11.0 11.9 0.9
11.9 12.9 1.0
12.9 13.8 0.9
Average 0.9
3
Coren, = Vet Cu _ 0%0m* 0049981 _ 54101 _ 5p5mol
T 2V, 2.10cm L L

Table 5. Treated with home-made device (unheated)

Initial reading (cm) Final reading (cr) V(HCI) (cm’)

17.85 19.0 1.15
19.0 20.2 1.2
20.2 21.4 1.2
21.4 22.6 1.2

Average 1.2

3
Ceatticoy, = Vi Cria = L.zem 0.043998\/| = 0.00299854«ril ~ \':’..OOm—mOI
DT 2V, 2-10cm L L

Table 6. Treated with home-made device (heated)

Initial reading (cm) Final reading (cr) V(HCI) (cm’)
13.9 14.8 0.9
14.8 15.7 0.9
15.7 16.7 1.0
16.7 17.6 0.9
Average 0.9
3
Concn, _Via Cug _ 09cm 0049981 _ 1555 4o d™ _ oMM
T 2.V, 2.10cm L L
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Results of weighting the flasks

Table 1. Masses of flasks

Annex 2

Water heated in the flask Initial mass of Final mass of Difference
flask (@) flask (@) (9)
Unheated water 162.42 162.75 0.33
Water treated with magnetic
descaler Elcla 145.24 145.28 0.04
Water treated with home-made 146.68 146.77 0.09

magnetic descaler
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Annex 3

Photographs about the project

Figure 2. Titration with HCI

26



Figure 3. Home-made magnetic descaler

Figure 4. Water treating with home-made magnetscdier

27



Figure 5. Heating of water in a flask

Figure 6. Slow bubbling starts
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Figure 7. Weighting of flask

Figure 8. Flasks used for heating untreated watater treated with home-made
magnetic device and water treated with magneticalesElcla
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