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Abstract— Life and water are linked closely as it is
essential for life to begin and for life to live .owater
passes through soil and aquifesen come in contact with
minerals which at the correct environmental coratit,
dissolve in the ground water to make it hafiche high
mineral content water is normally not dangerous to
human’s healthbut it causes many household problems
which makes it less desirable. A physical technigsiag
magnetic field to purify water is cheap, requireargergy to
run and create no pollutants but the efficiency this
treatment is still a controversial question. In gpeat study,
the physical parameters like total dissolved sq®S),
electrical conductivity (EC) and pH have been eatdd in
magnetized (0.05T — 0.20T) calcium chloride sotutidata
collected during the experiment was analyzed sieaity
(SPSS-20.0). This analysis shows that the increa3®S,
EC and pH under the effect of magnetic field was
significant (p < 0.01). The regression analysis wagd to
show linear relation between TDS and EC of water.
Keywords—Electrical conductivity, Hard water, Magtie
field, pH, Total dissolved salts.

l. INTRODUCTION
Life is impossible without water as it is requirddr
beginning and continuation of life. It affects fdtts of life
either directly or indirectly. There would be noge¢ation,
no oxygen to breathe and the planets would lookptetaly
different than it does today, without water. Sopider to
keep environment and people healthy, water sho@d b
admired and protected as the valued resourceisasiis we
know, hard water is being supplied to a large partf the
world population. Water that has high mineral cantis
called as ‘Hard water’. As water passes through cften
come in contact with minerals such as limestone and
dolomite At the correct environmental conditions, small
quantity of rocks dissolve in the ground water amake the
water “hard” The high mineral content water is normally
not dangerous to human’s healthut it causes many
household problems e.g. require more soap for tffec
cleansing toughens vegetables during cookiagd form
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scale in boilershot water heaterspipes kettles and on
cooking utensilslt also enhances expenditure of energy.
There were large number of chemical methods to vemo
hardness present in water which includes boilinchaid
water, adding lime, distillation, ion exchange mes and
reverse osmosis. As calcium and magnesium iongseass
non-volatile salts or can be eliminated through phecess
of distillation of water, which is too costly in @ cases. In
ion exchange method, Eaand Md"ions are replaced by
Na" which may cause health problems for people sureri
from high blood pressure. In Reverse osmosis (RO)
technique, pure water can be obtained from satt/heater.
The membrane has sufficient pore size for passhgater
molecules but ions such as “‘€and Md" which are
responsible for hardness remain behind and arenhdtls
away by excess water into a drain, results in teewahich

is free of ions of hardness. But due to limited azity,
membranes require regular replacement. Also thetisal
chemistry gets changed by all anti-scale watertrireats.
Thus a physical method uses magnetic field to chben
water was introduced which is physical, cheap, irequo
energy to run and create no pollutants.

Water operated by the magnetic field or pass throag
magnetic device is called magnetized water as csthte
(Hozayn & Qados, 2010l doesn't mean that the water has
attained magnetic strength but undoubtly; it isnfhuthat
some properties of water get changed when magfielic

is subjected to it. These anomalous properties atbmware
unique and may result in many variations of maapic
properties. The influence of magnetic field on idjwater
has been deeply studied from last fifty years. Tanyn
people, magnets are complete mystery. Eliminatidn o
existing scale or production of a softer and lesddgd
scale is its main effects. (Baker & Judd, 1996)eeed that
the efficiency of this treatment is still a contessial
guestion and exact explanation of its mechanisns o
exist yet. Various contradictory hypotheses havenbe
proposed.

According to (Gholizadeh et al., 2008) magnetiatimeent
of water operates on the principle that a Loremzd is
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experienced by each ion as the water is allowegass
through a magnetic water softener. The frequency of
collisions between ions increases due to redineabibthe
particles, positive and negative ions combine tomfan
insoluble compound. So, calcium carbonates dispdtch
from the solution as a mud which can be easily rado
from the water. Water on applying magnetic field sfhow
diamagnetism in which substances that are magueiiza
way opposite to the direction of field. As a resulater
molecules are ‘directed’ to have certain orientatiwhich
reduces the chance of matched orientation as well a
hydrogen bonds’ percentage. In other words, largetier
clusters are cut and broken down by external magfietd

to form smaller water clusters as observed by (Reddl.,
2014). A strong magnetic field slightly increasdse t
melting point of water was reported by Physicistdapan.
According to (Chang and Weng, 2006) water structure
becomes more stable and the ability of water mdéscto
form hydrogen bonds is enhanced when magnetic fgeld
applied. Magnetized water give rise to many phermame
such as increase in compressive strength of cenened
precipitation process of calcium carbonate whenisit
magnetized reported by (Alimi et. 22007).

Such a simple technology can have many benefitiphtts
on industries utilizing water, truly motivates @seps study.
Thus in view of this, the present study was planteedee
the effect of magnetic field on the electrical cociivity,
total dissolved salts and pH of the Ca€blution (hard
water). The study of inherent properties of hardewauch
as electrical conductivityTrDS and pH give more insight to
the concept of magnetic water treatment.

. MATERIALSAND METHODS
The electromagnet used for this study consistsof ftole
pieces made from the material annealed soft iragh field
strength up to 2.2 Tesla at 1 cm gap between petep as
shown in Fig.1. The dimensions of electromagnet are
diameter 9.0 cm and length 27.5 cm with total nuntfe
turns 3000 per coil. The distance between poles of
electromagnet is adjustable up to 7 cm. The magrieid
strength at different positions between the polds o
electromagnet with varying current was measured by
Digital gauss meter (DGM-102) to assure uniformity
field.
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Different concentrations (0.05%, 0.10%, 0.15%, @2@nd
0.25%) of hard water were prepared in laboratorysing
calcium chloride salt and distilled water. For gregiion of
0.05% Cadl solution, 0.05g of calcium chloride was
dissolved in small volume of distilled water. Ontee
calcium chloride salt dissolved completely (aftetirks the
flask gently if necessary), water was added to mgkéhe
final volume as 100 ml of flask. In a similar wayther
concentrations were prepared in laboratory by using
distilled water.

Plastic beakers were used in the study due to fmrmal
conductivity as compared to glass beakers. At high
magnetic field strength, poles of electromagnet hgetted
with time which ultimately affects the temperatuoé
solution inside the beaker when placed betweepoies of
electromagnet. So, the best materials were the witkghe
lowest thermal conductivity. In order to avoid ext
temperature effects, plastic beakers were furthsulated

by cotton because there are thousands of tiny Eces
between the fibres that slow or stop the transwissf heat
from magnets to beaker when it was placed inside th
magnets. The parameters electrical conductivity totdl
dissolved salts of hard water were measured wighhidlp

of waterproof HANNA probe 98311 with range TDS (0O-
2000 ppm) and EC (0-3999 uS/cm). The HANNA pH
waterproof tester having pH range from -2.0 to 1@&#s
used to measure pH of hard water.

Hard water of different concentrations was placed 16
hours after preparation for stability of solutioifter 16
hours, 40 ml of hard water was filtered with zefterf
papers and placed in an insulated beaker in ocdevoid
external temperature effects. HANNA
EC/TDS/pH/Temperature meter was then dipped into
filtered solution to measure total dissolved sqlI®S),
electrical conductivity (EC) and pH of hard watefdre the
application of magnetic field. Now, the beaker wilipped
EC/TDS/pH/Temperature meter was placed inside the
electromagnets for 60 minutes. After each ten nainthe
change in EC, TDS and Temperature were noted. Same
procedure was repeated for different magnetic field
strengths from (0.05T — 0.20T) and different conions

of hard water (0.05% - 0.25%).
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Fig.1: Experimental set up for measuremerEC and TDS

. RESULT AND DISCUSSION

1. Effect of magnetic field strength and time on TDS

and EC
Figure (2-3) shows the results of T (ppm and EC in
(uS/cm) of calcium chloride solutionas a function o
magnetic field intensity and exposinime. It has been
observed that the total dissolved ts and -electrical
conductivityof different concentrationsicreases with tim
as well as with magneticield strengn but this rise i
highest for highest concentration amdhest magnetic fiel
strength.The effect of each magnetic id strength (0.05T
0.10T, 0.15T, 0.20T) on total dissolvealts and electrical
conductivity of different concentration was found to be
significant (p < 0.01). Similartypes « variations wer
recorded by (Mousa & Hmed008) and (Moosa et al.,
2015).
It is believed that water will show dianmnetism, a propert
which magnetized the substances in ay opposite to th
direction of applied field, after applyina strong magnet
field. These substances having pgir-electrons rotat
opposite to each othen a pair due tovhich they cance
each other's magnetic moment. Swe can say the
magnetic field forced the water mcules to have
particular directiordue to which bond ajle decreases fro
104.5° to 103° which further reduceepulsion betwee
electrons in bond pairs of ,B and dectrons in solut
molecules. As a result, more solute be packed in th
same volume of water, thus increasimlubility (Reddy et
al., 2014).However, TDS and electriczonductivity are ir
close connectiariThe moresalts dissolvd in the wate, the
higher is the value of electrical conduvity. So, higher is
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the value of magnetic fid, higher will be the increase
TDS and electrical condtivity.
2. Effect of magnetic fiedd on temperature of hard
water with time
The experimentally obseed values of temperature of hi
water at different magtic field strengths and different
interval of time have ben plotted in figure 4initially the
hard water was taken amperature of 31.0°(t has been
observed that the terapature of hard water increas
significantly (p< 0.01) with magnetic field strength in ¢
hour and rise in temperJre is higher for highest magne
field strength. For magmetic field strength 0.05T, tt
temperature of hard wa increases from 31.0°-31.2°C;
for magnetic field strenh 0.10T, the temperature of h:
water increases from 20°C -31.6°C; for magnetic field
strength 0.15T, the tenerature of hard water increas
from 31.0°C 32.8°C andfor magnetic field strength 0.20
the temperature ohard water increases from 31.0°-
33.7°C, in an hourSimilarly, a slight increase in the water
temperature by increag the magnetic intensity froi
0.05T —0.15T during the¢ preparation of dipole magnetiz
water was reported byAL-lbady, 2015).
When magnetic field is applied to hard water, dipol
(water molecules) get gned which results in increase
the movement of water olecules, which slightly increas
the temperature of hardater with time. Higher will be th
magnetic field strength, gher will be rise in temperature as
more and more dipoles ( alignec
3. Relationship between total dissolved salts and
electrical conductivity
The values of electrici conductivity were four to be
increase with théncreas: in values of total dissolved s
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for different concentrations of CaLhkolution. Figure 5
shows the linear relationship between the totasalised
salts and electrical conductivity for different centrations
of hard water at constant temperature. Similar gipeesult
was reported by (Hayashi, 2004), (Uwidia & UkuR013),
(Ayeni, 2014) and (lyasele & Idiata, 2015).
A high value of electrical conductivity indicategyh total
dissolved salt concentration. This implies that abdity of
an electric current to pass through the water agpqrtional
to the concentration of ionic solutes dissolvedhia water.
It therefore means that values of EC can be usedtimate
the values of TDS in the water (Uwidia & Ukulu, )1
4. Relation between TDS and concentration
The values of TDS were found increased with ineréas
concentrations of Cagsolution at constant temperature.
Figure 6 shows the linear relationship betweertdted
dissolved salts and different concentrations ofl veater at
constant temperature.
Concentration is a measure of how much solutesisotired
within the solvent. Higher concentration of salt ang
higher amount of solute in solution i.e. higheruneabf total
dissolved salts. So, we can say that total disslobadts and
concentration are in direct relation.
5. Variation in pH of hard water with time at different
strengths of magnetic field
The measured values of pH as a function of time and
concentrations at selected magnetic field strength
expressed in the form of graph which is shown ig. H.
For highest concentration (0.25%), pH varies frora14
4.08 and 4.01- 4.08, in an hour for lowest (0.0%Rd
highest (0.20T) magnetic field strength respecyiviet.
almost same change occur at different magnetid fiel
strengths.
The effect of each magnetic field strength (0.08T1,0T,
0.15T, 0.20T) on pH of different concentrations viasnd
to be significant (p< 0.01). Similar types of variations were
reported by (Mousa & Hmed008) and (Moosa et al.,
2015). Increase in pH on applying magnetic field is
probably due to the decrease in hydrogen ion cdretém
(Mousa & Hmed2008).
There is no significant difference between treatmdre.
different magnetic field strengths.
6. Variation of pH with different concentrations of
hard water
The experimentally observed values of pH at differe
concentrations of hard water have been presentdtiein
form of graph plotted between pH and magnetic field
strength for different concentrations of hard watgishown
in Fig. 8. It has been observed that as the cdratén
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increases, pH of hard water decreases. As theuaalci
chloride salt is a lewis acid a compound that czoept an
electron pair from a donor compound. It forms caici
hydroxide and liberates the hydrogen ions. So, les t
concentration of salt increases, more and more dgylr
ions get liberated which makes the solution mor more
acidic. In other words, we can say that as the eaination
of salt increases, pH decreases.

V. CONCLUSIONS

1. The changes in total dissolved salts, electrical
conductivity and pH of hard water under the effeftct
magnetic field strengths have been observed sigmifi
at 1% level of significance.

2. The temperature of hard water changes significgptly
< 0.01) under the effect of magnetic field.

3. There is a linear relationship between total digesol
salts and electrical conductivity {R 1.0).

4. Total dissolved salts of hard water increases with
concentration while pH of hard water decreases with
concentration.
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TABLES
Table 1: Regression coefficient for total dissolgatts (TDS) at different concentrations

Concentration (%) Magnetic field (0.05T) Magnetic field (0.10T)

A b R a b R
0.05 417.656 .047 .823** 418.044 .083 .928**
0.10 852.696 .093 .925** 852.476 .154 .908**
0.15 1157.875 .070 J751%* 1157.648 .196 .950**
0.20 1545.806 .064 .868** 1545.385 223 972*%*
0.25 1897.934 .071 .785** 1896.670 244 .888**
Concentration (%) Magnetic field (0.15T) Magnetic field (0.20T)

A b R a b R
0.05 418.139 .187 977 418.073 279 .975**
0.10 851.802 273 .923** 850.048 .486 .922%*
0.15 1155.231 454 .952** 1151.092 747 .905**
0.20 1543.220 577 973** 1539.623 1.004 .966**
0.25 1893.000 .821 .953** 1887.278 1.312 .940**

** Gignificant at 1% level of significance (p < 0.01)

Table.2: Regression coefficient for electrical coaiilvity at different concentrations

Concentration M agnetic field (0.05T) Magnetic field (0.10T)
(%) a b R a b R
0.05 835.553 111 937 836.388 173 .950**
0.10 1705.784 .185 .964** 1705.344 .302 .916**
0.15 2316.132 .155 .818** 2315.553 .390 .955**
0.20 3092.300 .150 .950** 3090.919 443 973**
0.25 3796.059 181 .951** 3793.890 465 .918**
Concentration Magnetic field (0.15T) Magnetic field (0.20T)
(%) a b R a b R
0.05 836.615 .364 .985** 836.205 .556 975%
0.10 1703.652 .546 .924** 1700.165 971 .922%*
0.15 2310.542 .906 .952** 2302.264 1.491 .904**
0.20 3086.440 1.155 973** 3079.245 2.008 .966**
0.25 3786.000 1.641 .953** 3774.474 2.629 .939**

** Significant at 1% level of significance (p < 0.01)
Table.3: Regression coefficient for temperaturbarfl water at different magnetic field strength

M agnetic Field (T) a b R?
0.05 30.952 .003 541**
0.10 30.939 .012 .885**
0.15 30.831 .030 .944**
0.20 30.676 .045 .929**

** Significant at 1% level of significance (p < 0.01)
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Table.4: Regression coefficient for pH at differenihcentrations

Concentration Magnetic field (0.05T) Magnetic field (0.10T)
(%) A b R a b R
0.05 4.558 .001 .914** 4.561 .001 .847**
0.10 4.409 .001 915 4.411 .001 .888**
0.15 4.302 .001 913 4.304 .001 897+
0.20 4.155 .001 .914** 4.154 .001 922
0.25 4.013 .001 844+ 4.009 .001 .845%*
Concentration Magnetic field (0.15T) Magnetic field (0.20T)
(%) A b R a b R
0.05 4.560 .001 .922%* 4.561 .001 847+
0.10 4.408 .001 .950** 4.410 .001 .908**
0.15 4.304 .001 .908** 4.299 .001 .940**
0.20 4.153 .001 913 4.153 .001 .932%*
0.25 4.012 .001 .851** 4.014 .001 .909**
** Significant at 1% level of significance (p < 0.01)
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Fig. 2: Variation of total dissolved salts with &nat magnetic field strength 0.20T
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Fig. 4: Rise in temerature on applying different magnetic field strhs with time
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