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Abstract

Passing water through a magnetic field has beemethto improve chemical, physical and
bacteriological quality of water in many differeapplications. Although the treatment
process has been used for decades, it still remaitise realms of pseudoscience. If the
claims of treating water with magnets are true,ghecess offers improvements on many of

our applications of water in today’s world.

A large number of peer reviewed journal articlegengeported contradictory claims about the
treatment.. Some of the most beneficial claimedewapplications from magnetically treated
water include improvement in scale reduction irepipnd enhanced crop yields with reduced
water usage. Today we are still unsure whethertébbnology works and those who do

believe it works are still trying to understand thechanisms of how it works.

Many research papers are starting to develop sirtfikories behind the mechanism of the
treatment. From previous studies, it has been mé@ted that the most successful MTD’s are

those with alternating poles.

The majority of the experiments performed during ttesearch were determined to have
insufficient controls to produce conclusive resuliee conclusions from this research were

focused on designing improved experiments to pewidre conclusive results.

A theory was developed to explain the MTD’s mechars of scale reduction. While the

experimental results were not conclusive, the tesaitained backed the theory.

Magnetically treated water does not do all thas iclaimed it does. However, some of the
positive results obtained during this research ssgghat the improved experiments

developed from this research may provide conclussealts on this controversial topic.
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Chapter 1 Introduction

1.1Introduction

What is magnetised water? Magnetised water isrvpatssed through a magnetic field. It is
an inexpensive, environmentally friendly water tneent that has small installation fees and
no energy requirements. The effects of magnetisnwater, however, is the subject of

controversial debate.

Many claim magnetised water gives increased pedaga in regards to scale reduction
(Alim et al 2006) increased crop yields (Lin & Yotvat, 1990), hbaltenefits (Yue et al.
1983), change in pH (Busche, 1985), water tenseduction (Cho & Lee, 2005) and

increased cement compressive and tensile streNgih €t al. 2000) to name a few.

Other scientific journals and research claim thafgnetising water has no effect and the
current successes have not been able to be regddkcauter et al. 1996). Currently, there
are hundreds of peer reviewed papers and expesnuame on magnetic water treatment

with a substantial percentage attaining succetsitreatment.

Water is a difficult substance to examine propsrfiar, as it carries a variety of foreign
particles in the form of micro contaminants andeotdissolved solids. This adds to the
confusion about magnetised water with many clainthmag certain chemicals in the water
determine the success rates of the treatments.nérthe world, in different laboratories, the

water being treated varies from experiment to erpant, except when using distilled water.

To add to the confusion, retailers of magnetictimemt devices (MTD’s) only quote the
successes and claim assumptions of the mechanmagfetised water as fact. These claims
add to the scepticism of the treatment with scepticusing their attack on the incorrect
chemistry of retailers who have little knowledgetloé subject. The first result of a google
search for “magnetised water” is a page about ntegprewater being a scam, and is written

by a retired chemistry lecturer (Lower, 2009).
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According to (Magnetic Water explained, 2007) adbthe sceptical studies are done in the
interests, or under the pressure of big chemicatpamies who stand to lose millions of
dollars if new alternatives are developed for tiieatment of hard water, algae and bacteria
related conditions.

While most chemistry scientists (who have minima&perience in magnetism) seem to
believe that magnetising water will have no effactl is a “snake oil” scam, the successes
cannot be easily overlooked. The claims, if proeedrect, offer huge benefits for major
industries around the world. It should not be aecak“once proved correct then we shall

study it”, but a case of “we should study thiswi# prove it does not work”.

1.2 Background

At this point in time, magnetised water is clasbgdnany to be pseudoscience while others
are enjoying the benefits of this unknown sciefidee motivation for this study comes from
the fact that such a simple technology can haveefimal impacts on industries utilizing
water. The technology of MTDs is cheap, requiregmergy to run, and creates no pollutants.
The claims about increased performances in scdletien and crop yields are too beneficial

to ignore.

The fact that MTDs are a relatively new concepat@s a large perception of scepticism as
many believe that, if the treatment works, why metvéhey heard about it. By investigating
the effects of MTD’s, | hope to discover informati@nd evidence about whether the

technology has the potential to work or not.

The two major benefits of magnetic water treatm@viVT) are scale reduction and
improved crop yields with less water. AccordingSmith, (2003) the cost involved due to
heat transfer inefficiency and the removal of s@alBritain alone was estimated at £1 billion
per annum in the early 90’s. Properly installed amhfigured MTDs have had many
successes in reducing the amount of scale builsh ggipes. In an experiment performed by

Smith (2006), permanent magnets reduced the foomafiscale by 70%.

10| Page



Bogatin (1999) concludes from their findings tha¥M\l induces an increased crop yield by
10-15%. The magnetic treatment improves conditioineoot layers due to (a) leaching of
superfluous salts (b) better permeability of irtegh water and (c) better dissociation of
mineral fertilizers. Increased permeability of wateduces the amount of water required for

each irrigation event.

In regards to scale reduction, occasionally the MMork (Smith 2003) while in other
circumstance they have no effect (Krauter et ab)9® test needs to be created to determine
if the MTD is installed correctly and if the watguality is susceptible to magnetic treatment.

If this study can find a property of water thamsedified by a MWT, then this property can
be used to determine if the MTD is successful fifetent systems. This will allow quick
evaluations of MTDs and their configuration. Asnmiw, one has to wait several months to

determine if the MTD has been successful in redusaale build up.

Focusing on a property influenced by MTDs will aldow the assessment of current MTDs

and optimal configuration.

If this study can prove any of the properties goligations of magnetically treated water are
successful, then it will help the science becomeenagceptable. If the science is real and the
claims are correct, once mainstream, we shouldaxpesee an efficiency improvement in

the majority of industrial uses for water once teelecorrectly by magnets.

Agriculture will benefit greatly if what has beeaported can be replicated. Magnetically
treated water is reported to save on average, 2@%rwith 10% increased yields (Lin &
Yotvat1990). This treatment would be beneficialtaalay’'s world with water scarcity and

food shortages in many regions.

1.3 Aims and Objectives

The aim of this study is to observe whether anyperties of water, such as pH, surface

tension, heat capacity, dissolved oxygen or wasediress are affected by MTD’s. If one of
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these properties is found to be affected, then phigperty will be used to determine an

optimum configuration of a MTD.

Once an optimum MTD has been designed, applicabbtize treated water will be evaluated.
If no properties are found to be modified by the DTand no optimum magnetic

configuration can be calculated, then a design fpast literature will be used.

Applications of the magnetically treated water ¢éodvaluated will include:

> Germination rate of seeds

> Plant growth

» Precipitation Rates of Calcium Carbonate (scalectaoin)

» Cement compressive and tensile strength

During the course of the investigation it is alstended to collect published and unpublished
knowledge of MWT and summarise the current theoBgspresenting this information in a
summarised, straightforward way it is more likety he understood by a wider and more

diverse audience.

1.4 Scope

This project is aimed at experimenting on a widegeaof properties and applications to get a
broad understanding of what is possible from MWfie Tvater to be used in the experiments

includes:

» pH experiment = Tap water, Japanese Gardens water

» DO experiment = Tap water, Japanese Gardens water

» Heat Capacity experiments = Tap water
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> Dissolution rate experiments = Tap water

» CaCQ precipitate experiment = Tap water, Distilled wate

» Plant growth experiments = Tap water, Salt wafeag + Salt %)

» Cement compressive experiment = Tap water

1.5 Overview of dissertation

Chapter two will consist of a literature review pifevious research on the subject. The
purpose of chapter three is to provide a detailqgulamation of the methods used for the
thesis’s experiments. The following two chapter gansist of the results received from the
student project and an in depth discussion of laatbeen derived from these results. The
final chapter will provide a conclusion to the stughd give an insight into further research

that could be continued in this field.
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Chapter 2 Literature Review

2.1 History of magnetised water

According to Brower (2005), case histories of thecgss of magnetically treated water date
back to 1803. The magnetic effect was first recdrndben there was a notable difference in
the texture of the mineral accumulation inside ofi and laundry kettles. These kettles
were placed over fires and large stones were placetthe bottom to keep them from

swinging in the windy weather.

Reportedly, two of the five kettles, which were mlade from the same cast iron metal, did
not have hard scale formation. Instead, they hasbfa powdery substance which was
brushed off easily. It was later found that the tohe five rocks used to stabilize the kettles

in the wind were lodestones which are natural mégnecks.

According to the Marshutz et al (1996) Michael Kana was the first researcher who
seriously dug into magneto chemistry beginning 863 From 1890 and onwards, the
subject of magnetically treating water had becoxteemely controversial, and was labelled
“gadgetry” and “not sustainable under scientificusioy”. A company called Solavite, based
in France, began to market a MTD in 1936. In thst&a Bloc Countries, particularly Russia,
increased research and applications of MTDs befan the Second World War. This was
largely due to the fact that the U.S.S.R did natehihe chemical expertise or funding to treat
their water chemically like that in the U.S.A. (Le¥p, 1990)

Marshutz(1996) reports that in 1954 the Federatldi@ommission filed a complaint against
the Evis Manufacturing Company, which manufactuacearly magnetic water conditioner.
They charged the company with unfair competitiod &adse advertising by its competitors.

Following extensive hearings, the complaint wasniised two years later.

Experiments and studies in the west increased aftemerous successful applications of
MTDs came out of the U.S.S.R. By the 1990’s, mamgdible institutions were researching

the topic with mixed results.
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Today, there are numerous varieties of MTDs foe,sanging from $100 up to $10000. The
controversial debate over the effectiveness of reaggd water is still undecided. There
have been many successful industrial applicatiéM4Tds in the west, including systems for
NASA, yet the treatment has not been released tneam or accepted by the Water Quality
Association (Federal Technology Alert, 1996).

"If you look at the publications and split them dotine middle, you would find that anything
written outside of the U.S. generally favors magnetater treatment, while anything you
read on the subject written inside the U.S. termldé questionable,"” explains Donald
McClellan of MC Resource Management, a distributor for the DeAelsllatic Corp as cited
in (Marshutz,1996).

2.2 Past experiments of magnetised water

2.2.1 Property Changes from MTD
pH change

Changes in the pH of distilled water of up to OH gnits have been reported by Joshi and
Kamat (1966). However Quickenden (20G2und no pH change in double distilled water

subjected to a very strong magnetic field of 24 Gawiss.

Tai et al (2008) cited that Ellingsen and Krist@msshowed that their water sample’s pH
decreased from pH 9.2 to 8.5 after magnetic treatniBusche et al, 1985) showed an initial
decrease in pH of 0.5pH units from 7.0 to 6.5,0wkd by a gradual increase throughout the
time of the experiment to pH 7.5 — 8.0. Parsoral €1996) also recorded a decrease of 0.5

pH units after passing water through a MTD as @sden in the Figure 2.1.
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Figure 2.1 Parsons et al (1996) the bottom lineesgnts magnetically treated water

Yamashita et al. (2003) witnessed, what he comsitjeslow and large pH fluctuations (0.05
-0.1 ) during the first several hours of magneljcateating distilled water. His results
indicated that to accurately evaluate the effedtsmagnetic fields on water, subtle
experimental conditions such as field conditionsdpced by common lab devices and
procedures cannot be ignored. He also states #tahding measurements beyond several

hours may be essential to observe accurately thetefof magnetizing water.

From these experiments, it appears the fluctuationpH change from experiment to
experiment suggest that unforeseen interactionscan&ributing to pH change. While pH
change may be an indicator for magnetically treatater in some situations, it cannot be

solely relied upon.

Surface Tension

Sueda et al. (2007) examined the maximum masslianteter of a dripped water droplet on
the tip of a glass capillary, and found both wdfected strongly by magnetic fields.

Otsuka et al. (2006) concluded that nchanges in properties of pure water, distilled from
ultrapure water in vacuum, were observed after rmagtreatment. However, when the same
magnetic treatment was carried out after the thdtilvater was exposed to,,Qoroperties

such as surface tension were changed. The degreagfetic treatment effect on water was

guantitatively evaluated by contact angle as caselea in Figure 2.2
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Figure 2.2 Comparing contact angle of magnetisegmdroplets

Cho & Lee (2005) tadied the effects of amount of magnetic treatmsnta permanent
magnet on surface tension. Two separate experimeete conducted: one was the
measurement of surface tension and the other wWiasvavisualization of dye behaviour in
water samples. Both experiments showed that asdhgber of treatments increased, the

surface tension of the sample decreased.

The first experiment used precision glass capiltabes, Corning Pyrex, to measure surface

tension. Figure 2.3 shows a schematic diagrameotapillary-tube system used.

Ruler
_ Capillary tube

«+— Water sample

1

Positioning lift

(a)

Figure 2.3 Schematic diagram of capillary-tube aystised for determining MTDs efficacy

A glass capillary tube was attached beside a raled then a beaker was placed on an
adjustable jack so that the capillary tube wastwosd at the centre of the water sample in

the beaker. When the water level reached near otirb of the capillary tube, a point
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exactly 5 mm from the bottom, the height of theavadtvel inside the capillary tube was read.
This step was repeated 10 times for each water Isampd the average of the 10

measurements was used.

This experiment appears to be a quick, cheap,ivelgtaccurate way to determine the
efficiency and effectiveness of MTD’s and can befgened in the field if correctly

organized.

Amiri & Dadkhah (2006)first noticed a sizeable change in surface tensgiorelation to
magnetic treatment, but after further investigatiaretermined that impurities from the
TYGON plastic pipe used were contributing to thefaee tension modification. This was
concluded due to the fact that water passed thrahghsame apparatus without the
permanent magnet mirrored the characteristics efstmple magnetized, as can be seen in

Figure 2.4.
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Figure 2.4 the pink curve is tap water circulatl times in presence of magnetic field. The lowswve sample

was circulated ten times without magnetic field bsing a new pipe.
Amiri & Dadkhah (2006)findings are very important in regards to testihg effects of

MTD’s. To limit the chance of results being infleed by different contact materials, the

sample being compared to the magnetized water dhalulays be run through the same
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MTD apparatus minus the permanent magnets. If theiffad properties are evident in both

samples, then the change is due to an effect fr@enapparatus and not the magnetic field.

Other Physical Properties

It has been shown that the water vaporization rateessential process for all biological
processes, is significantly affected by the apglcaof a static magnetic according to
Nakagawa et al (1999).

Studies by Lee et al (2003) and Iwasaka & Uen®&)9have found that the size of the
water clusters, changes when exposed to a madieddic

It has been reported by Nakagawa et al (1999)ttieadlissolution rate into water of oxygen is

significantly accelerated by the presence of a reagfield.

Applying an increasing magnetic field to water adro reduce critical supercooling and
prompt equilibrium solidification when the strengththe magnetic field is higher than 0.5 T

according to Aleksandrov (2000).

2.2.2 Scale Reduction

Scaling problems from hard water in heating or aplsystems can heavily reduce the
efficiency of the system in two ways. First it ceeduce the heat transfer rate with the
formation of an insulating deposit on a heat transtirface significantly reducing the cooling
or heating efficiency of the equipment. Secondlgait block pipes, condenser tubes or other
openings decreasing flow rate and pumping effigrenc

According to Smith (2003) the cost involved duédnéat transfer inefficiency and the removal
of scale in Britain alone was estimated at £1 dnllper annum in the early 90’s. A 25mm

thick CaCQ scale layer can decrease the heat transfer by 95%,

Properly installed and configured MTDs have had yrmauccesses in reducing the amount of

scale build up in pipes. In an experiment perforrhgdSmith (2003), permanent magnets
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reduced the formation of scale in 6 out of 6 hotevatorage tanks with an average of 34% .

The maximum reduction was 70% and the minimum rediievas 17%.

Lipusa & Dobersekb(2007) attained successful results, with the soal@ heating copper-
pipe spiral being 2.5 times thinner due to Magn¥fimter Treatment (MWT) compared with
untreated water. Another major difference was fomstle the outlet steel piping where only
a small amount of powder-like coating was foundthe magnetically treated line. This
amount was negligible in comparison to the abundaale from the untreated water. Figure
2.5 compares similar steel pipes. Picture D shassiced amounts of scale build up due to
MWT.

Figure 2.5 Results from Lipus&, Dobersekb 2007 experiment. Picture (C) is stge miithout treated water
and abundant hard scale (D) shows a similar pifie miagnetically treated water and negligible amsuwoft
scale.

Kobe et al (2001) concluded in his research thatdfemical treatment of scale was only
fractionally superior to the treatment with MTDsudgh (1997) attained a 22% reduction in
scale using artificially prepared hard water. Passet al (1996) recorded a 48% reduction in

scale in his experiment.

An article by Quinn et al (1997) in the Iron an@&tengineering journal states that at a steel
plant, a 60-inch hot strip mill was plagued withngéhy electrical delays because of
inadequate motor room cooling due to lime scalédbup on the heat exchangers. A heat
exchanger before the installation of MTDs is shoinFigure 2.6a. Six months after
installing the MTDs, no mill delays were attributiedmotor room cooling failure due to scale
build-up. Figure 2.6b shows a heat exchanger aftgzar's service, while Figure 2.6¢ shows
a heat exchanger after 1 year service washed witisa. It should be noted that these 3 heat

exchangers are 3 different systems and not the sameleaned.
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Figure (2.6a ) before installation of MTD (2.6b}eaf1 year service with MTD(2.6c) after one yeaashed
with water.

Lobley (1990) witnessed the effects of magnetiattreent on scale reduction. In 1988 an
MTD was installed on an air conditioning systemttleansistently required condenser
cleaning twice per year. The system was in placeldtn August 1988 and regularly
inspected and photographed up to June 1990. Duhegperiod of nearly two years the
condenser did not require cleaning - scaling andgshg had been nonexistent. The inhibitor
dosing had been suspended and revenue savingsaleutated at $1100/annum.

Not all scale reduction experiments have yieldeditp@ results however. According to
Hassen & Bramsson (1985) theocessof magnetic exposure on scale suppression showed
no effect on deposit growth. Similarly, magnetipesure exerted no effect on tadhesive
nature of the deposits. They concluded that it doEsseem plausible to expect magnetic
treatment to exert a meaningful scale suppresdiecteat sufficiently high super saturation

conditions.

Krauter et al (1996) installed an MTD Lawrence lkiwere National Laboratory Treatment
Facility D. At this facility, volatile organic contaminants (MX3) were removed by air
stripping, which raised the water pH, causing thpasition of calcium carbonate as calcite
scale downstream. The MTD was installed beforedinestripping unit and no beneficial

scale reduction was recorded by the study
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Tai (2008) discovered in their research that thestat growth rates of calcite were
ssuppressed completely in the presence of the regfield under low pH and
supersaturating conditions. By contrast, the grosate seemed to increase at high pH and
relative supersaturating as can be seen in Figure 2
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Figure 2.7 (Growth rates of calcite as a functibpld, with other variables kept constaniVithout magnetic
treatment.With magnetic treatment of Descal-A-M&iC-3. Tai (2007)

According to Alimi et al (2006d)he treatment-pH and the water flow rate of the MidYe an
important impact on the nucleation type and onaimeunt of calcium carbonate. The Figure

2.8 exemplifies these findings.
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Figure 2.8 Variations of the total precipitatiotioan % of the amount of dissolved Cag. the flow rate, for
treated waters at various pH in the presence aseingle of magnetic treatment

In a research paper done by Parsons et al (199&) wWite pH of their treated water was free
to fluctuate, they observed a scale reduction éb4Bowever, when they controlled the pH
at 8.0 and 8.5 they witnessed increased scalindghendffects of magnetic treatment on scale

removal were apparently destroyed.

It is apparent that that pH level has a directti@hato the effectiveness of scale removal by
MTD’s. In what way this relationship works is noilfy understood. It would be beneficial to
install more MTD’s around the world and categoriie successful and unsuccessful cases
with properties of the water treated also recordBEis would allow similarities to be
compared which my give an indication as to whatuwistances the scale reduction of

magnetic treated water is successful.

2.2.3 Agricultural Benefits

Bogatin’s et al (1999) analysis showed that ttenneffects of magnetised water were the

increase of the number of crystallization centred the change of the free gas content.
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Degassing of water increases permeability in sbictv results in an appreciable increase in

irrigation efficiency.

According to Bogatin et al (1999) an increase m @mount of C@and H+ in alkaline soils
is similar to the addition of fertilizers. In webig CO, forms HCOs, which converts
insoluble carbonates into soluble bicarbonatesaimnates exchange with Na of the cation
exchange complex. As a result of the exchangeiogadtia is removed from cation exchange
complex into the soil, which improves properties adkaline soils and accelerates their

leaching.

Bogatin (1999) concludes from their findings thatMWl induces an increased yield by 10-
15%, a more intensive root formation, the transfgshosphorus fertilizers into more soluble
form and a decrease in the risk of secondary $altion of soil. The magnetic treatment
improves conditions of root layers due to (a) léaghof superfluous salts (b) better

permeability of irrigated water and (c) better digation of mineral fertilizers.
Lin & Yotvat experimented on the effects of magseti water in agriculture with tests done
on 14 experimentally established agricultural silesregards to using magnetic water for

stock drinking supply, they recorded several naiite effects. These included:

> Larger weight in cattle, meat calves, goats andtpou

Y

Extended production season: stabilized peak irdytieie curves; moderated decrease
towards end of lactation and laying season; smamhtinuity beyond normal
production.

Increased yields at accelerated rates: milk, negays (fertility and hatching)

Improved final product quality; meat/fat, hide gdpsxternal appearance, milk protein

Reduced mortality, improved health, vitality andifey rates.

YV V V V

Improved water quality in troughs and reservoitgmession of algae, reduced scale

deposition and blockage

When using magnetic water for irrigating cropsythecorded the following observations

> Increased cumulative yield per unit plot
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> Extended crop season (growth, ripening, fruit-begti improved vegetative
deployment.

Improved fruit quality; size, shape, texture, sugael, greener leaves.

Larger fruit

Improved growth uniformity; vitality

YV V V VY

Cleaner piping, reduced scale deposition in pigingd drip heads

Field Test 2.1 Dairy farm on Kibbutz Gvat
Cows on treated water yielded more milk, with tlaene percentage fat. Lactation period,

non-productive days and veterinary conditions visstter. Impregnation was better.

Field Test 2.2 Calves on Kibbutz Gvat
Week old calves on magnetic water grew 12% faktan the control group. Three-month old
calves showed increased weight gains comparednwotied groups. Their meat contained
30 to 40 less kg fat at 10 to 12 months.

Field Test 2.3 Sheep farm ut Givat Zayad
Sheep were cultivated for milk, meat and wool. ftee factors showed a considerable

increase in yield after drinking magnetic water.

Field Test 2.4 Geese on farm Hayogev
Magnetic pre-treatment of gosling’s water resuitednproved performance: increased daily

weight gains, generally improved health and a greatonomic return to the farmer.

Field Test 2.5 Turkeys at Nahalal
Weight increases. Increase in percentage of layenger laying period, improvement in

fertility.
Testimonies from Omni Environmental Group’s websdé Australian farmers using

magnetic water treatment follow similar claims asthose above. It must be realized

however that testimonies are based on observatiithsio controls and are easy to fake.
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Australian Strawberry Distributors are one of thiggest growers and distributors of
strawberries, supplying such chain stores as Wathsand Coles Myer. They claim, after
treating their water magnetically, their productioad increased; the quality had improved
and they were saving at least 20% water if not more

Other testimonies also claim larger yields, inceelasvater savings, increased water

penetration and increased seed germination rates,

An interesting experiment done for AQUATOMIC MTDBy Pederson (2005), was
performed by comparing germination rates of seeekstdd with tap water, filtered water,
North / South pole magnetically treated tap waBsmuth pole treated tap water and North
pole treated tap water.

They noticed that the germination rates of the redgaed waters were 100% while the
untreated filtered water had 85% and the untre@edvater had 15%.

The South Pole treated water gave the fastest ggpwseedlings, yet the stems were not
strong enough to support their leaves. The avenagght of the seedlings was 14.13cm. The
North Pole treated water gave a slower growinglggedhich was able to support its leaves.
The average height of these seedlings was 11.88&. Nbrth / South Pole treated water gave
the best results with a healthy seedling growingaaerage of 12.28cm. Figure 2.9 shows
some results from the experiment.

Figure 2.9 Seedling germination and growth rate®dadepending on orientation of magnets
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While this experiment did not appear to be peelereed, and also had links to the retailer of
an MTD, it does open up the possibility that diéfier orientations of the magnets may have
different effects. This experiment is easy to &gt and could prove whether these findings
are real or bogus.

2.2.4 Improved cement compressive strength

Su & Wu (2000) discussed how MWT can break up weltesters into smaller clusters which

allow the water to penetrate the core region of ¢dbment particles more easily. Hence,
hydration can be done more efficiently, which imntumproves concrete strength. The
magnetized water can be kept in a reservoir fo2xdurs but over this range, its advantage
may be lost (Fu & Wang 1994)

Wang & Zhao'’s (2008) study showed that when mix#&th wagnetic water, the properties of
the cement paste and mortar improved. The magtreatment had a positive influence on

the compressive strength, the pore size distribwdind the durability of concrete

Su & Wu(2000) investigated the compressive streagthworkability of concrete and mortar,
which were mixed with magnetic water and contaigeghulated blast-furnace slag. Results
showed that the compressive strength of mortar Esmmpmixed with magnetic water
increased 9-19% more than those mixed with taprwatee compressive strength of concrete
prepared with magnetic water increased 10-23% ri@e that of the tap water samples. It
was also found that magnetic water improved thélity of mortar, the slump, and the

degree of hydration of concrete.

Weilin et al (1992) obtained results showing thament strengths can be significantly
increased by slurry magnetic treatment. It was feskthat the cement compressive strength
was improved by 54%, cement bending strength wasawed by 39%, and cement bonding
strength was improved by 20%. The experimentalli®siso show that the initial set time
and final set time of cement slurry can be shodemg 39% and 31%, respectively, after

magnetization.
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2.2.5 Other applications of magnetic water treatmein

Anti Corrosion

Bikul'chyus (2003) found that the magnetic treattrefrwater decreased the corrosion rate
of steel by 14% on the average, with these rebeltsg constant over a range of temperatures.

According to The Department of Energy’'s Federal ifetogy alert (1998), the National
Aeronautics and Space Administration (NASA) testedgnetically treated water, for
corrosion rates of steel corrosion coupons. Casrosates of 1 to 50 mils/year were obtained
using chemical inhibitors, with corrosion ratesOdd mils/year obtained for the magnetically

treated water. 0.4mils / year is considered aatx@t

Treatment of urinary stones

Yue et al. (1983) reports that through laboratarg alinical experiments including enzyme
and animal tests and clinical trials, it clearlypwsled that the curing efficacy is over 70% in

the treatment of urinary stone and over 93. 9%sé&bivary calculus.

Increased efficiency of desalination using reverseosis.

According to Al-Qahtani (1996) using Reverse Osmd8O), both treated and untreated
solutions were desalinated in a seawater RO urseatral pressures. It was found that the
permeate salt concentrations of the treated solsitiwere usually lower than that for

untreated ones.

Water transfer behaviour in dampening unit of anprig machine

Dietmar (1998) conducted laboratory tests to fintl whether the water transfer behavior in
the dampening unit of a printing machine could bgroved by the installation of a
permanent magnetic water treatment device. Wittbg&rcent alcohol-water-mixture, water

transfer increased by up to 100 percent.
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Improved efficiency of electrolysis

lida (2004 ) showed on 2 occasions that the efimyeof water electrolysis improved

significantly under a strong magnetic field.

2.3 Current theories of magnetised water

The principle of this phenomenon is still not wathderstood and various contradictory

hypotheses have been proposed.

Brower (2005) explains that magnetic systems tnedér by passing it through a multi-pole,
multi-reversing polarity magnetic field. The dipplaovements of the molecules of dissolved
solids and water molecules are affected in suclaythat at the instant of crystal formation,
the crystal form is divided into thin layers ane tlons align according to a single magnetic
axis. The magnetic field then influences the préidncof a much greater number of nuclei.
Hence, the solids precipitate as much finer crgstahich tend to remain separated because
of the excess similar charge. The calcium carbopateder is now in a sludge form and can

be easily maintained as it will not stick to elertseaind piping.

According to the The Department of Energy’'s Fed@&edhnology alert (1998) , the general
operating principle for the magnetic technologyaigesult of the physics of interaction
between a magnetic field and a moving electric ghawhen ions pass through the magnetic
field, a Lorentz force is exerted on each ion whgm the opposite direction of each other.
The redirection of the particles tends to incredmefrequency with which ions of opposite

charge collide and combine to form a mineral.

A journal article from Quinn (1997) explains the lewular makeup of water and its polarity.
A molecule of water consists of one atom of oxyged two atoms of hydrogen,®. The
covalent bond that holds each hydrogen atom toottygen atom results from a pair of

electrons being shareBigure 2.10 shows a molecule of water.
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Figure 2.10 Molecule of $D

Because of the two hydrogen atoms sharing elecwonsne end, the molecule possesses a
positive charge on one end and a negative chargkeeoather. Some suggest this may cause
the molecule to act similarly in some ways to alstver magnet (Water Properties Tutorial ,
2007). This is referred to as the dipole momerd ofolecule. The dipole moment is a vector
guantity and is responsible for solubility, one tbé most important properties of water.
Figure 2.11 shows how the dipole moment of a watetecule is similar to a magnet as

claimed by Water Properties Tutorial , 2007.

Figure 2.11 Water molecules. Dipole moment of aemole (Water's Properties Tutorial, 2004)
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Lower (2009) states passionately “TheCHmolecule is amlectrical dipole, not a magnetic
one; it is not a magnet, and is not affected byagmet. Equating the S and N poles of a

magnet with the [electrical] "potential” is purenfasy.”

According to Quinn (1997), the polar molecules iattdifferent orientation under the
influence of a magnetic field. The stronger the nwig field, the greater the number of

dipoles pointing in the direction of the field.

The unusual properties of water can be attributeeiktensive hydrogen bonding between its
molecules. It has been suggested that the molecdlelsl form clusters as illustrated in
Figure 2.12(a) .According to Su & Wu, 2002, thessogiations and disassociations of water
molecules are in thermodynamic equilibrium. In gaheeach cluster contains about 100
water molecules at room temperature as shown inr&i@.12(c). In a magnetic field,
magnetic force can break apart water clustersgimgle molecules or smaller ones as shown
in Figure 2.12(b).Therefore, the activity of wateimproved. It should be noted that theories
of water clusters are just that, theories and haebeen proven yet, according to Lower
(2009).

=

CDED DED
DD DD

(h) Water clisiers cl

Figure 2.12 Water molecules. Dipolfect of magnetic field on water molecules: (agrthodynamically
stable water clusters, (b) water molecules aftssipg through a magnetic field. (Right c) Structofenolecule
cluster of water.

In relation to scale reduction , according to salvauthors (Higashitani et al 1993; Parsons et
al. 1998), the MWT would tend to reduce the nuabsatate and to accelerate the crystal
growth. Coey & Cass, (2000) proposed the scale fisation could also result from the
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preferential formation of the aragonite crystalisture instead of calcite. Aragonite, which
may result from the transformation of metastablent nuclei according to (Gabrielli et al,
2000), exhibits a characteristic needle shape noogly with a rather weak adhesion to the
substrate. Therefore, they could be carried awathbyliquid flow. On the contrary, calcite
which is the more stable calcium carbonate polymatproom temperature forms dense and
tenacious layers, which are difficult to remove heeucally. Figure 2.14 shows the different

structure of calcite and aragonite crystal striegur

Figure 2.13 (left) scanning electron micrograptsyrthetic calcite crystals, magnified 4700X. (rjgBtanning
electron micrograph of synthetic aragonite crystalagnified 6700X. (Ruth 1989)

It was advanced by Busch, (1997) that the magmedfisct concerns ferromagnetic impurities
which are nucleation seeds. Ruth’s (1989) resetoehd similar results. They noted that
trace concentrations of Festrongly inhibited calcite growth but not aragonig®wth and
trace concentrations of Fealso inhibited the transformation of aragoniteoinglcite. A
similar effect was observed with ¥ebut to a lesser degree. They concluded that miagnet
water treatment devices may be effective dolyhe extent that they cause an increase in the
Fe?* concentrations in treated water and that tH& ieeturn, inhibited scale build-up.

Gabriell et al (2000) noted however that the secabhction effect also happened in non-

conducting pipes and suggested that Busch'’s firsdiregrevisited.
Other complex explanations revolve around Loretmzds Higashitani (1998) and double

ionic layer surrounding the colloidal particles ath@ir zeta potential (Gamayunov, 1983;
Higashitani, 1998; Parsons,1997).
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Scientists are still unsure of the exact mechanibgnsvhich treating water with magnets
modifies its behaviours. There are numerous sdiesty accurate theories, as well as
several theories that apparently defy science asnowe it. It should be pointed out however,
that our current science isn’t guaranteed 100%ratewand that we do not know everything
about elements and molecules in the universe. \Wieatdhrow new theories easily away just
because they don’t match with our past theories. dAfot throw new technology away

either, just because we don’t understand why itkaor

2.4 Optimum configuration of MTD’s

Classifications of MTD’s

Baker & Judd (1995) explains that commercial nedigntreatment devices (MTD's) are
available in various configurations. As can be seeRigure 2.14, MTD's are invasive (i.e.
plumbed in, and therefore have to satisfy releV@gislation) or non- invasive (i.e. clamped

on).
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Figure 2.14 Left: invasive device, right : Norvasive device

Gruber and Carda (1981) classified MTD's utilizpgrmanent magnets into four categories
(Fig 2.15), each employing different orientatiomsmagnetic field. Some units employ a field
that is orientated approximately orthogonal to direction of flow (class Il and class III)

whilst others employ a mostly parallel field (cldssd 1V).
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Figure 2.15 Classification of permanent magnet tyff®'s proposed by Gruber and Carda (1981).
(Reproduced from Gruber and Carda, 1981.)

Baker & Judd (1995) conclude from their findingslathers that magnetic treatment is more
successful when recalculating the solution or prging the magnetic exposure. Gabrielli's et
al (2000)study agrees with this finding. In regards taoedly however, there is still conflict
in discussionPolar Internationalclaim that the optimum speed through one MTD deisce
from 1.5 to 3.0 m/s, such that turbulent flow piigssduring a very brief magnetic contact. On
the other hand the manufacturers GEPI (Conditionnement Electromagnktique Par
Induction) devices claim that turbulence downstream of treatmeauses destructive
perturbations to the magnetic treatment. Accordmgipus et al (2006) the velocity should
be in the order of 0.5 — 2m/s.

Gabrielli’'s et al (2000) results showed that ingdrmagnet orientation yielded better results
in scale reduction compared to non- orientated m@grBrower’s (2005) view agrees with
Gabrielli’s. Figure 2.16 shows the different configtions for the MTD’s. Figure 2.17 shows

the results attained by using the different cornfigjons.
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Figure 2.16 Different orientations of magnets. @@ magnets are recorded to be more effective
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Figure 2.17 two different experiments done by Galir{1999) show inverted magnet orientation is enor

effective.

From Gabrielli’s et al (2000) study it was alsoriduhat the type of pipe material can affect

the effectiveness of magnetic treatment. In thest@our different types of pipe material
were used; clear flexible PVC, Steel, Copper an@ PMvhich is used for plumbing.
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The results showed that the flexible PVC destroyed effects of magnetic treatment and

Steel produced increased results compared to c@muePVC Il. This is a very interesting

finding and could point out why other experimenasénfailed to produce results.
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Figure 2.18 two different experiments done by Galliret al (2000) show different pipe materials cffect

magnetic treatment results. .

In regards to strength of magnets, successfulteebalve been achieved from magnets with

as little as 150 Gauss (Gabrielliet al ,2000) . &kerage strength of retail MTDs would lie

around the 3000-5000 Gauss level. Many studies baea done with extremely powerful

magnets as well. For example Iwasaka (1998) uded®0 Gauss magnet.

2.5 Literature review summary

The mechanisms for MWT seem to be different fofedént applications.

» MWT increases cement strength by decreasing tles sizwater clusters,

> Creates extra collisions of ions to precipitate OgC

» Changes the free gas content in regards to impronggayields.
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With the combined past studies, a clearer pictsitgeginning to be built over what is the best
configuration of magnets for a MTD. The magnetsudthdvave a strength reading of around
3000 Gauss, the solution should be passed thrdwegdevice more than 3 times, the piping
material should be steel , copper or PVCII and dhentation of the magnets should be

alternating.
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CHAPTER 3

METHODOLOGY
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Chapter 3 Methodology

3.1 Design of MTD

The design and configuration of the MTD to be usethese experiments is based on what
has been learnt from the literature review. The M3Inade up of 6 pairs of approximately
4400 Gauss magnets arranged in an alternatinggrwation. One of these magnets can hold

25 kg of mass. Figure 3.1 shows the MTD designethi® experiments.

Figure 3.1 Homemade MTD with approximately 4400 €amagnets,

3.2 Testing change in properties of water

3.2.1 pH and Dissolved Oxygen

Tap water and water from a local reservoir weréetk$or their pH and DO values. Before
passing the samples through the MTD, pH and DOesgaluere recorded for each sample.
The water samples were then passed through the M3 Been in Figure 3.2, and then tested
with a pH meter and a DO meter. The samples wemgnetecally stirred at a low velocity

while the data was collected to keep the sampletighly mixed.
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Figure 3.2 (Left) apparatus setup for treating wate

Each water sample was tested at 1x pass throughliiz 2x and 5x to evaluate whether
successive passes altered the sample’s propeftes.non-magnetic samples were also
passed through the funnel without the magnetstathso the only difference in the water’s
treatment was the absence of magnets. After iniéatings had been taken, the solutions
were rapidly stirred for 2 minutes by the magnetestto induce a vortex and introduce more

oxygen into the solution. The DO was tested agtier the sample was mixed.
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3.2.3 Heat Capacity

Heat Capacity test 1

Magnetically treated water's heat capacity was canag with that of normal tap water. This
was done by heating the sample with a Bunsen bamémrecording the temperature of the

solution at every 30 second interval.

Magnetic water was prepared by passing tap wateugin the MTD 5 times. Non-magnetic

water was also passed 5 times through the funribbui the magnets attached.

For this test to be accurate, the beakers hadiiaicothe exact amount in each trial. This was
achieved by measuring 200mls exactly for eachvightpipettes. The thermometer had to be
in the same position and the Bunsen burner flandedhée of the same intensity for each test.
The temperature reading was taken every 30 secandsseveral trials were performed to

make sure the results were reproducible-igure 3.3 shows the apparatus used for the

experiment.

Figure 3.3 Apparatus for heat capacity test
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Heat Capacity test 2

The second heat capacity test compared the codieg of magnetically treated water with
that of normal tap water. Both water samples weaxssed through treatment device with and

without magnets, 5 times.

20mls of each sample was carefully measured bypettgi and put into test tubes. A
thermometer was then placed inside each test tnbdehald in place by a stopper. The

thermometers were attached to stands. Figure 8wssthe setup of the test tubes.

A 1 litre beaker was half filled with tap water ahdated till boiling point on an electric
hotplate. Once the beaker water had begun to boih test tubes were submerged into the
boiled water. Once they reached the same temperatuthe beaker water, they were taken

out simultaneously and their temperatures were egady 1 minute.

hermometre in E:'E_
each testtube pury I

7

il ol

Figure 3.4 Setup of heat capacity test 2
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3.2.4 Dissolution rate

The dissolution rates of tap and magnetically #eaap water were compared. Both water
samples were run through the treatment apparattisiés. When the tap water was run

through the treatment device the magnets were rediov

7.26 grams of potassium nitrate was measured getyinasing an electronic balance. The
potassium nitrate was then added to a test tubactiyx7mls of magnetically treated water
measured by a pipette was combined in the test etest tube was submerged into a hot
water bath with a temperature over°@Oand stirred until all the potassium nitrate was

dissolved.

Once all solids were dissolved, the test tube \aksrt out of the hot water bath and cooled at
air temperature. The test tube was constantly saviand examined for when the potassium
nitrate began to precipitate out. The moment alsiogystal could be seen to precipitate, the
temperature was recorded. The experiment was daimee® for each sample. Figure 3.5

shows the potassium nitrate after it has precitatut.

Figure 3.5 Precipitated potassium nitrate
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3.3 Testing Applications of Magnetised Water

3.3.1 Seed Germination Test

64 snow pea seeds were germinated with differeméraa32 seeds were watered with tap
water. 32 seeds were watered with magneticallytédetap water. The water was treated 5

times through the correlating treatment device.

All seeds were soaked in their correlating water fdhr before planting. The seeds were
planted in seedling containers with 8 cells eash¢an be seen in Figure 3.9. There were 4
seedling containers per water sample. All contaigentained standard potting mix from the
same bag. Prior to sowing, all containers were adak their correlating water to saturation

point. All seeds were planted at the same depth.

Once a week the seedlings were watered by fillitigyatray up with exactly 4 litres of their
correlating water and then placing the seedlingaioars in the water. Figure 3.6 shows how
the seedlings were watered. The seedlings wetddefoak for exactly 5 minutes before

being removed. This was done once a week.

Seedlingz placed in tray and left to .
=zoak for 5 minutes Tidy Tray
™,

h

-

Tray filled with 4 litres of correlating voater. /

Nlater level reached about hathmay up the
zeedling cortainer

Figure 3.6 Watering Method for seedlings
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The seedlings were placed under an outside pevgodae they were open to all the elements
except for rain. They received approximately hatfag’'s sun each day. They were placed in

an alternating pattern as can be seen in FigureEagh week, after been watered, their

positions were reversed just in case a certairtipndiad an advantage over any other.

Figure 3.7 Seedlings placed in alternating potidimere were 4 seedling containers per type ofnwate

After 4 weeks the seedlings were measured. Fig@rsl®ws the seedlings after 5 weeks.

Figure 3.8 Seedlings after 4 weeks of growth
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The seedlings were compared using the mass of @aoh above the roots. Each seedling

was trimmed just above the soil line (Figure 3.8jobe being weighed on an electronic

balance (Figure 3.10).

Figure 3.9 Snow peas trimmed just above solil liigeife 3.10 Snow peas weighed on precision scales.

3.3.2 Plant Growth Test

64 snow pea seedlings were bought from Bunningggaman with 4 different types of water.
Tap water, magnetically treated water, salt watetr magnetically treated salt water were

used. All water samples were passed through tregitrhent device 5 times.

8 snow pea seedlings were placed in each 200mniEpoh pot contained a mix of fertilizer
and potting mix all from the same bag. There wepa#® in total giving each water group 16
seedlings or 2 pots each. 2 of these plant group® tested with salt water. The salt
tolerance of snow peas is low and around 2 ds/mi2001). Multiplying this number by

55 gives their approximate salt limit in part peitlion (ppm). This gives snow peas a salt

limit of 110 ppm or 1gram of salt per litre. Thdtsancentration of the water used to water
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the salt groups was raised each week until there avanoticeable yield reduction. The

following table shows the salt concentrations used.

Table 3.1 Salt concentrations for watering sakrahce groups.

Week Salt concentration (ppm)
First water 62.5ppm

1 125ppm

2 187ppm

3 312ppm

4 437ppm

5 562ppm ( noticeable effect)
6 187ppm

Each pot was watered once a week by placing itlénai 10 L bucket and watering it with a
watering can. The watering can was filled with L.8f water each time. Once watered, the
pot was left to stay in the bucket for 5 minutesiow more adsorption. Figure 3.11 shows

an example of the watering method.

Figure 3.11 Watering method for plant growth test.
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When making the salt water, sea salt was addedlitee8 of water in a bucket. The 8 litres
was then split into two lots of 4 litres, where dregch was magnetised and the other wasn't.

This allowed the plants to receive very similar @amtrations of salt.

A basic green house was made for the plants. Ths tev keep rainfall out and to decrease
the possibility of frost. The plants positions weeversed each week just in case any

particular position in the greenhouse had an adggnbver another. Figured 3.12 shows a

picture of the basic green house.

Figure 3.12 Basic green house made to keep raanfdlffrost off plants

The plants were grown for 45 days; each being wdt&rtimes each. On the 45th day, the
plants were weighed on precision electric scalexhEplant was cut off at the soil level

before being weighed. An example of this can be se&igure 3.13

Figure 3.13
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3.3.3 Cement compressive strength

The compressive strength of cement mixed with miacpdly treated water was compared to
cement mixed with tap water. The water samples wassed through their treatment device
5 times. The cement used was builder's cement matlily ash. The mixture quantities for

each test group are in Table 3.2.

Table 3.2 Mixture quantities for the cement used

Component Quantity
Builders Cement 3.25 kg
10mm aggregate 5.8 kg
7mm aggregate 3.05 kg
Sand 3.55 kg
Water 1.45L

Each mixture was made separately. The first mixtuas made with magnetic water and
mixed with a cement pan mixer. The cement was mixetil it was deemed sufficient by
judgment of eye by the lab technician. The cemeat thien put into a cylinder mould similar

to the one in Figure 3.14.

Figure 3.14 (left) Type of mould used to make aytirs (right) Cylinders after they were cured fordays.
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The method for filling the mould involved:

» Filling it to 1/3 full and then compacting it witnsteel rod 25 times in a circle
» Filling it to 2/3 full and then compacting it widnsteel rod 25 times in a circle
» Filling it to the top and then compacting it witlstel rod 25 times in a circle.

» Making flush with a cement trowel

Once complete, the second batch of cement was mixadap water and moulded with the
same method. Once complete, the moulds were ledit ttor 24 hours. After 24 hours, the
moulds were marked and placed in a humidity rooraui@. The humidity in the room was

set at 84% with a temperature ofC8Figure 3.15 shows inside the humidity room.

Figure 3.15 inside the humidity room
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The cement was cured for 31 days and then compregise a cement compression tester.
The machine was operated by the lab assistantctérpiof the compression tester is featured
in Figure 3.16. The machine gave readings of kdatons required to cause failure in the
cement cylinder. The maximum forces required toseatailure in each cylinder were

recorded.

Figure 3.16 (Left) Cement compression testing maiight) close up of the compression mechanism.

52| Page



3.3.4 Precipitation of CaCQ and other salts

First test

Samples of synthetic hard water were made from i@alccarbonate (CaC{) and
Magnesium sulphate (MgS0. Salt water was also made from sodium chlorideCN
Varying quantities of concentrations were mixed hwit litre of distilled water. The

concentrations of solutions used are in table 8l8vb

Table 3.3 Concentrations of synthetic hard watedus

Chemical used Quantity
CaCQ 0.69g

CaCQ 0.37g
MgSO, 49

MgSO, 1.19

MgSO, Approx 10g
NacCl Approx 130g
NacCl 25¢

After mixed, each sample was split into 2 equalngjtias where one was passed through the
MTD 5 times and the other was passed through thee sdevice 5 times but without the

magnets.

53|Page



Once treated, each sample was tested with an @lectrductivity (EC) probe to determine
the amount of ions in the solution. A picture o ghrobes setup can be seen in figure 3.17.
The theory behind this method was that if the megnereased the collision rate of ions,
then they should form small crystals and reduceatm@unt of ions in the solution. (The
Department of Energy’s Federal Technology alert819%he probe was calibrated after every

3 experiments.

Figure 3.17 Logger Pro software with Electro cartility probe.

Second Test

The second test was set up so that the solutions meade to constantly flow through the
treatment device while logging continuously the &Cthe solution. A 333 Litre per hour

submersible pump was used to pump the solution.sbhgion was pumped through a clear
PVC tube with a diameter of approximately 14mm. Maater was passed through the
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treatment device in an aluminium pipe as Gabrglét al (2000) findings suggested the
treatment would not work through PVC clear tube.e TEC probe was able to log
approximately 2 readings a second over a 3 mirutga. Figure 3.18 and 3.19 shows the

apparatus setup.

Clear Poly Tube [approx 14mm D]

Slectro Conductivity Probe

Ve

T
Hlurminiutn
Pipe 16t D

2 L glazs Beaker
— Statd
B

i <z 1]

335LAM Submersible Pump

Figure 3.18 Apparatus setup for the second pitatéptest.

Figure 3.19 Apparatus setup for the second pretéetest.
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Different concentrations of synthetic hard waterravenade up from Calcium Chloride

(CaChb) ,Sodium Carbonate (Ma@Os) and distilled water.

» Test A had the magnets attached. To make the hatel Wi00mg of Caglwas mixed
with 50ml of distiller water and poured into the Beaker. 400mg of N&EO; was
also mixed with 50ml of distilled water and pouiatb the 2 L beaker. The beaker
was then filled up the 1.5 L mark with distilled te#a The solution was stirred with a
glass stirrer until the solution had no visiblegypéates. The EC probe and the pump
were turned on and the conductivity was logged9faninutes. After 9 minutes, the

pump was turned off and the conductivity was logfpgd minutes,

» Test B followed the exact same procedure, excepptimp was not turned on at first
and therefore no water was being magnetised. Tdgeloread the conductivity of the
solution for 4 minutes. After 4 minutes, the pumpswurned on and logged for 2

minutes.

» For test C, 60mg of Cagand 60 mg NzZCO; were mixed with 1000ml of distilled
water. The solution was tested at first withow gump for 3 minutes, and then with

the pump for 6 minutes.

» Test D used 100mg of CaC100 mg NaCO; and 1000ml of distilled water. The
solution was tested at first without the pump fomtutes, and then with the pump

for 15minutes.

» Test E used equal parts of Ca@hd NaCO; with distilled water to get the solution

used in test D back to its beginning EC readinge Tonductivity was logged for 6
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minutes without the pump running. After 6 minutésyas then run through the pump
for 9 minutes without the magnets attached as @sden in Figure 3.20. After 9

minutes the pump was turned off and the data wggeld for 3 minutes.

Figure 3.20 Apparatus with no magnets attached.

Test F diluted the solution from test E back dowran EC reading of 500 ds/m. The
outlet of the aluminium pipe was moved so that @swnder the water’'s surface as

can be seen in Figure 3.21.

Figure 3.21 (left) pipe position for Test A-G gint) submerged pipe position for Test F — onwards.
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The sample was logged for 3 minutes with the pufipTdie pump was then turned
on and run without the magnets for 6 minutes. Tlhgmats were attached back to the

apparatus and the pump was turned on and loggetl forinutes.

Test G used the solution from test B after it hatdfer 1 hour. The solution was
logged for 3 minutes without the pump, and thenniigutes with the pump and

magnets.

Test H tested tap water, with the magnets attachieeldata was logged for 3 minutes

with the pump off and then 9 minutes with the pusnp

Test | used tap water without magnets attached.dBt@ was logged for 3 minutes
without the pump and then 9 minutes with the puAfper the 9 minutes the magnets

were attached and the data was logged for 3 marates.

Test J used tap water with approximately 50 g afilso chloride dissolved. The
pump was run until the conductivity logger showdédsalts were dissolved. Once all
salts had been dissolved the data logger recor@edilutes of pumping through the

magnets.
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CHAPTER 4

RESULTS AND DISCUSSION
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Chapter 4  Results and Discussion

4.1.1 Results on pH Test

The first test compared tap water passed througtdévice with MTD 3x, tap water passed
through the device with MTD 5x, tap water passedugh the device without MTD 3x and

tap water not passed through the device at all.ré&belts can be seen in Figure 4.1

7.9

7.85

7.8

7.75

pH

7.7

7.65

7.6 -

7.55
Starting pH Non-MTW x 3 MTW x 3 MTW x 5

Figure 4.1 Comparison of pH values passed througibM

While this test showed trends that the more passeagh the device the higher the pH, other

tests showed different results.

The second test had a more comprehensive analitei®ach pH value being read twice and
then using the average. This was because the meérr@auld constanlty change its reading.

There was an alarm on the pH reader which wentwdfén the reader had finsished
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calculating the pH. However, after this alarm, fté value would continue to rise. For
comparitive reasons, all pH readings were takennvthe first alarm went off. 3 trials were
done on the MTW to get some reproducability in tbsults. Figure 4.2 shows the results of

test 2.

8.2

8.1

[ Tap water starting pH
B Non MWT 1st Trial

B MTW 1st Trial

B MTW 2nd Trial
B MWT 3rd Trial

Treated 1x Treated 2x Treated 5x

Figure 4.2 Comparison of pH values passed through MTD (test 2)

It can be seen from the Figure 4.2 that the fir§t/Mtrial in test 2 shows similar trends to
that in test 1. The more passes through the MTB higher the pH. However , this is not
reproduced in the"2and & trial. The 29 MTW trial had a large, unexplained increase when

treated 2x by the MTD.

As for the Tap water passed through the deviceaowitlthe magnets attached, its pH values

still fluctuated. It is assumed that this is eitdee to impurities from the treatment device or
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from errors in the pH reader. The third test pradusimilar fluctuations in the readings as

can be seen in Figure 4.3.

9.01

8.96

8.91

M Japanese Water starting pH

pH

W Non MWT 1st Trial

8.86 mMTW 1st Trial

H MTW 2nd Trial

8.81

8.76

Treated 1x Treated 2x Treated 5x

Figure 4.3Comparing the pH of MTW with water from the Japsagardens.

The third test used water from the Japanese gandbich had an unusually high pH of

around 8.84pH. Once again, the first MWT trial skoan increasing pH with successive
passes through the treatment device. This wasepobduced in the second trial however. It
can be seen that passing the water through thenteea device without the magnets attached

also had an increasing pH with successive passes.

The forth test looked at the change of the pH eftapanese Garden’s water over time after

being treated. The results can be seen in Figdre 4.

62| Page



8.6 -

pH

8.4 - M Beginning of trial

8.2 - B After sitting 30 minutes

7.8 - | T

Start Mag5x  Onmag non Mag
30min 5x

Figure 4.4 Change in pH of the Japanese Garden’s Water ower t

The samples were treated and left to sit for 30utes. The “On mag 30min” sample was
placed on a magnet for 30 minutes before its imttdlreading was recorded. It can be seen
that no matter what their intial treatment waseaB80 minutes they all ended up with very

similar pH readings.

4.1.2 Discussion on pH Test

Not a lot can be concluded about the effectivermédTDs ability to increase or decrease
the pH of water samples. In some instances the MVEB able to increase the pH with

successive passes through the MTD, however, trsswbpossible to be reproduced.

The pH reader would continually change its pH vaarel even when the instrument’s alarm

stated that it had reached its end point, the nusmveuld still increase. This suggested that
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many of the pH values recorded were close to tteail values but the accuracy of + or —

0.20 pH was lacking.

If the MTDs are changing the pH values, from thessts it would suggest it is only in the
range of + or — 0.20 pH. It should be noted thatunties from the treatment device could
also be affecting the pH readings. In Figure 4&ain be seen that the water passed through
the treatment device increased its pH value evémowt the magnets attached. It is unclear if
this was because of impurities picked up from tkattnent device or inaccuracies in the pH

meter.

For the test to be more accurate the method shHmrilchodified. It is concluded from this

experiment that the following methods should be ifirelin this experiment.

» All samples to be compared should be premixed aeftdd sit for at least 30 minutes.

» Instead of passing the water through the treatrdewice and then testing its pH, it
would be more accurate to pump the water throughiMiD constantly while taking
real time readings of the pH. The setup requiredHis method can be seen in Figure
4.5. A Variable speed pump would allow observatainthe effects of different

velocities.

> A logging program would be required so pH values acored every second
approximatley. The solution would need to be leustil the pH value had stabalized.
Once stabalized, the pump should be turned ontendiange, if any at all, should be

logged over a period of time.
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Blurdiniurn
Pige: 16rm ﬁ

pH probe stand

pH Praobe

/

Inlet tube to
g Flot of

| v

hagnegic | ‘ Stand
Stirrer Uarighle
Speed purmp ‘

Salutin in
Beaker

Figure 4.5 Recommended setup for further experignentest pH change from MTDs

4.2.1 Results on Dissolved Oxygen Tests

The first of the Dissolved Oxygen (DO) tests conmegathe amount of DO in samples before
being treated, after being treated, and after bstirged rapidly (inducing a vortex) for 1
minute. The first set of tests was done on Japa@esden’s water which had a starting

temperature of 2{T. The results can be seen in Figure 4.6
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9.2

W Before mixed with stirrer

Dissolved oxygen {mg)

B Afer mixed Imiunte with
stirrer

Figure 4.6 Comparison of DO levels in Japanese water, tremtelchon-treated

From Figure 4.6, it can be seen that no treatmegthod gave reproducible evidence to

MTDs affecting the DO levels in solutions

It can also be seen from Figure 4.6 that after sachple was stirred rapidly by the magnetic

stirrer, it reduced its DO levels. Before the t@ak done, it was assumed that the DO levels

would rise after being subjected to rapid stirring.

One of the major flaws of this experiment was tinat temperature readings from each test
were not recorded. DO saturation levels are higitelower temperatures. The Japanese
water when first tested was 20 By the end of the tests, the water temperatacerisen to
21.3C. This would have affected the amount of DO in shenples but is not likely to be

accountable for the full decrease.
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More information about what is in The Japanese & dvater may be needed to understand
why the DO levels were decreasing after rapid ngxi second similar Test was done with

similar results as can be seen in Figure 4.7

8.75

8.7

8.65 -

8.6

8.55 -

8.5 -

g5 | H Before Stirred

8.4 - B After Stirred for 5 mins
8.35

8.3 -

8.25 A | | |

Start Mag5bx Onmag non Mag
30min 5x

Dissolved Oxygen (DO)

Figure 4.7 Similar results are attained in second test with d®creasing after rapid mixing

A third DO test was done on Tap water to deteiniries DO value would decrease after

being rapidly mixed. Figure 4.8 shows the results.

8.2

8
7.8
7.6
7.4 -
7.2 -
7 A . . .

Tap water's Non-MTW  MTWx3 MTWx5
starting DO X3

H Before being mixed

B After being mixed

Dissolves Oxygen (DO)

Figure 4.8DO test on Tap water
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At first glance at Figure 4.8 it may be assumed plagsing water through the MTD increases
DO. This is true, but the increased DO is not yikid be from the magnets, but from the
turbulent mixing when the sample exits the devitkis can be seen in the fact that the

sample passed through the device without the magtietched also increased its DO levels.

After being treated, each sample was mixed ragmhyp minutes to try and increase its DO.
From Figure 4.8 it can be seen that every sampleased its DO levels. In fact, each sample
reached itsaturation level for the sample’s temperature. €hesults were not useful as too

much oxygen was introduced into the sample duhegbtminutes of mixing.

4.2.2 Discussion on Dissolved Oxygen Tests

These tests were a failure in determining wheth@DW®l affect the DO quantities in water.
Several lessons were learnt however on how to iwgthe method of the experiments to

attain more realistic results.

It was unclear as to why the Japanese Gardens’svBXerlevel dropped when being mixed
rapidly. While the temperature change of the sofutivould have dropped the DO levels
some, it was not likely to be the cause of the whiybp. This test was a perfect example as

to why the temperature should be recorded as welaDO levels.

The Tap water experiment worked in the fact that@® increased after inducing a vortex by
mixing the solution rapidly. The problem with thaprwater experiment was that too much
mixing was involved saturating all the solutionfislway, it was unclear if one solution was

saturated at 1 min compared to others being satlrat 4. The time for them to become
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saturated was unable to be determined. It waswalsear whether mixing the solutions with

the vortex provided a constant, equal input of @xymto all the samples.

For a more accurate DO experiment to be condudtedas concluded that the following

steps should be taken.

» The solution should be constantly pumped through MTD while the dissolved
oxygen and temperature should be recorded contshyiomith a logger program.

Figure 4.9 shows the apparatus setup recommended.

Blurminiurm

) Pipe 16mem
Fall of zoldion

to increaze DO
D Probe's Stand

Inlet tube to
purrp Flowy of

| "

Solution in
Beaker

Magnetic
Sirrer fatiakle
Speed pump

Figure 4.9 DO experiments recommended apparatus

» The outlet of the Aluminium pipe must be high enoadpove the beaker so that when
the solution comes out, it falls into the beaked amnduces mixing. This should
dissolve oxygen into the solution at a constarg.rdibe height of the outlet of the

pipe would need to be exactly constant througbathparative tests.
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4.3.1 Results on Heat Capacity Tests

First Heat Capacity Test

The results from the first heat capacity test, Whisted the temperature of water after being

heated by a Bunsen burner over time, can be sdeigune 4.10

Heat Capcity Test 1

a0

80

70

60

50

—t—Tap Water sample 1

Tap Water sample 2

Temperature

40 MTW sample 1

e W TW sample 2

30 MTW sample 3

20

10 -

mins

Figure 4.10 Temperature against time after beiragdieby a Bunsen burner.

It can be seen from Figure 4.10 that the MTD haefifect on the heat capacity of the water.
Both water types were heated at very similar rdtegire 4.11 compares the averages of each

water type which shows an even closer similarity.
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Heat Capcity Test 1 (averages)

a0

80

70

60

50

Temperature

“u —Tap Water Average
30 —l— MTW Average

20

10

mins

Figure 4.11 Averages of the MTW and normal tapewhtat capacity tests.

Second Heat Capacity Test

The second heat capacity test looked at the coolitegof MTW and normal tap water. The

results can be seen in Figure 4.12 and 4.13

Heat Capacity Test 2
80
/0
60
1]
3 50 -
S 40 -
£ 30 - B MTW
T 20 - B Normal Tap Water
10 -
0 I T T T T T T T T T T T T

1 3 5 7 96 11 13 15 17 19 21 23 25

Time {minutes)

Figure 4.12 Heat capacity test looking at the ecaptiate of both water samples
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Figure 4.13 The starting and ending values forcti@ing rate test.

Figure 4.12 shows both samples cooled at the satee Figure 4.13 shows that the MTW
which started at a lower temperature ended uphiingsat a warmer temperature than the

normal tap water.

4.3.2 Discussion on Heat Capacity Tests

In the first heat capacity test, both types of watewed similar results. This showed that the
controls of the experiment were set up well ancait be said with relative confidence that

the MTD had no effect on the heating capacity eflater.

In the cooling rate test, both samples appeareddbat the same rate for the 25 minutes they
were monitored. After 1 hour however, the MTW wadegrees warmer than the tap water. It
was expected that this should have been the othgranwound as the MTW started at a lower
temperature (69C ) than the normal tap water {€). This suggests that the normal tap

water cooled 4T more than the MTW over 1 hour.
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It was also noticed that the MTW had more bubblestie thermometer after 1 hour of

cooling. This can be seen in Figure 4.14

Figure 4.14 The MTW had a lot more bubbles on tiserhometer than the tap water.

It should be pointed out that both samples weregzhthrough the treatment device, so both
were subjected to heavy turbulence and mixing. Tpe water was passed through the

treatment device without the magnets.

This test was only performed once, and it is unsiithe accuracy of the thermometers. For
this test to show more conclusive results, it wolbdd advised to do the same experiment
again, but next time with larger test tubes or besakThis way, the temperature drops will

happen over a slower period giving more accura@omparison.
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4.4.1 Results on First Precipitation Tests

Table 4.1 Results for first precipitation tests.

Chemical used Quantity Electro —| Electro — conductivity
conductivity in [ in Magnetically
untreated solution | treated solution

CaCQ 0.69 85 uS/cm 43 pS/cm

CaCQ 0.37¢g 26-34 uS/cm 17-24 pS/cm

MgSQO, 49 2287 pS/cm 2231 pS/cm

MgSOy 1.19 906-917 uS/cm 897-906 uS/cm

MgSQO, Approx 10g | 4557 uS/cm 4496 uS/cm

NacCl Approx 130g| 25107 uS/cm 25064 pS/cm

NacCl 25¢ 18160 puS/cm 17940 pS/cm

4.4.2 Discussion on First Precipitation Tests

While the results for this test looked promisingwas discovered that there were several

errors with the method used for this test. Thejuided:

» The logger was only showing the current readinthefsolution when it was possible

to record approximately 1 reading a second. As¢laeings would fluctuate twice a

74| Page



second, an average was taken from the readingsteHaengs were taken when they
appeared to stabilize which was at different timiernvals for each solution. This

method did not give historical readings of what Wwappening in the solution.

» The solutions were passed through the treatmentelewd then their conductivities
were logged. This did not show in real-time whaswappening as the water passed
through the device. Passing the solutions throlghdevice also caused a lot of

turbulence.

» The EC probe would sit in distilled water while teelutions were being treated. It
was found out that going from the distilled waterthe solution would drop the

conductivity of the solution over a short periogligg unrealistic readings.

From these method errors it was concluded that nbtige results were very reliable and
a new set of tests needed to be performed. It wast that the solution should be
pumped continuously through the MTD while the laggigould continually take readings
as the solution is mixed. This removes the neethke the probe in and out of the
solution and the logger software can be used tordeconstantly, giving a timeline of EC

values.
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4.4.1 Second Precipitation Test's Results

The data logger gave real-time EC readings of theisn as can be seen in Figure 4.15
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Figure 4.15 three minutes of electro conductivitgdings logged by Logger Pro software.

Each reading lasted for 3 minutes. Once completesoftware added a linear trend line. The
readings from each Test can be found in Appendixdach test recorded approximately 15
minutes of data, which equalled 4-5 graphs sintdahe one above. For comparative reasons,
the slope from each graph was linked to each ahéhat an overall trend of the 15 minutes

could be seen. 4 of the 5 graphs from Test A atifed in Figure 4.16
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Logger intervals {3Imins)

Figure 4.16 EC value readings logged by Loggerf@rdest A

The slopes of each graph are as follows: (a) -@323/cm/s (b) -0.1184 uS/cm/s (c) -0.1064

pnS/cm/s (d) -0.06718 uS/cm/s

To compile the graphs from each test into exced, ftfst slope was added to 1 giving the
value (1 + -0.3212) = 0.6788. The next slope wdded to this figure (0.6788 + -0.1184
=0.5604) and so on. The following method was usethéke the following graphs which

allowed a more comprehensive overview of the dasch interval represents a 3 minutes

graph created from the logger pro software. AllIBgs can be found in the Appendix B
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TEST A

TestA

110 -
1.00 - <

0.90 - Pump offat 5 |

Pump on at 1
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0.70 ~
0.60 -
0.50
0.£0 -
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Slope uS/m

Logger intervals {3mins)

Figure 4.18 Test A = 400mg of Cagl 400mg of NaCO; . 1500 ml of distilled water.( Electro

conductivity log graphs can be found in Appendix C)

TEST A  Starting EC value 862.6 uS/cm.
Finishing EC value 714 uS/cm.
Time of data collected 15 mins

From the above graph it can be seen that as sothe ggimp was passing water through the
MTD, the EC of the solution was decreasing. Itypdthesized that the electro conductivity
is going down due to ions precipitating out of $im, reducing the amount of ions, reducing
the EC. The effect was decreasing with time. Whiis test shows that the EC value is
decreasing, it was needed to be seen how the@olbuld react when not being pumped at

all. That is what Test B was used for.
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TestB

Test B

1.10 -
1.00 -
0.90 -

0.80 - /
0.70 -
0.60 -
0.50 -

0.40
0.30

Pump on at 3

Change in Slope uS/cm/s

1 2 3 4

Logger intervals {3mins)

Figure 4.19Test B = 400mg of Cag!l 400mg of NaCOs; . 1500 ml of distilled water. ( Electro conductivity

log graphs can be found in Appendix C)

TESTB  Starting EC value 1070 pS/cm
Finishing EC value Approx 980 uS/cm
Time of data collected 9 mins

Test B’s starting EC value was a lot higher thastPeeven though they had the exact same
amount of CaGland NaCG0:. It is possible that this was due to the way theye mixed.
The method for mixing Test A involved mixing 400rafCaCbin 50ml of distilled water
with 400mg of NaCGOsin 50ml of distiller water. Instantaneously, Cagp@ecipitated out. At
this point distilled water was added until thereswi500ml of solution. The precipitated

CaCQappeared to dissolve again.

For Test B, the 400mg of Ca@h 50ml of distilled water was mixed with 1000m| diktilled

water and then the 400mg of X#D;in 50 ml of distilled water was added. The solutvaas
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then topped up to 1500ml. This way, no large quiastof CaCQprecipitated immediately.

The lesson from this experiment showed, all sohgito be mixed should be mixed in bulk
and split into smaller groups. It was also notiéedfuture experiments that the EC probe
needed to be constantly calibrated, after every 2 experiments. When the probe needed
calibration, it appeared to still read fluctuatiqgm®perly, but it reported the overall values

larger.

Comparing Test A and Test B

CompareTest Aand B
1.10
«— Pump on at 1 for Test A

© 1.00
éE.’_ 0.90 - Pump on at 3 for Test B
%]
S 1
g 0.80 / Pump off at 5 for Test A
§ 0.70
U
?é’ 0.50 - —Test B
S 040 -

0.30

1 2 3 4 5 6
Logger intervals {3mins)

Figure 4.20 Comparing Test A and B ( Electro comiglitg log graphs can be found in Appendix C)

With consideration that the the two test samplastained the same amount of Caéhd
NaCO;s, the data shows that Test B (which had no pumg)sstdwed that precipitates were
forming thus the EC was going down. This may beabhee CaC®has a low saturation point
and that the solution was becoming saturated. Agndtieory is that COfrom the air could

be dissolving into the solution causing more Ca@(recipitate.

80|Page



From Figure 4.4.5 it can be seen that Test B waallieg out between 2 and 3. This interval
was not a full 3 minute interval as can be seeAppendix B. Still, when the pump was
turned on and the solution passed through the Mi®yate at which the precipitate formed

was quicker.

After testing, Test B was left to sit and allowH€ value to stabilize.

TESTC

Test C Test C

1.10 1.02 4
Pump onat 2 Pumponat 2

100 4 pe——
0.90 -

0.80
0.70
060 -
050 4
040 4
030 090

1 2 3 4 1 2 3 4

1.00
T——
098 -
096 -

094 -

Change in Slope uS/cm/s
Change in Slope uS/cm/s

092 4

Logger intervals (3mins each) Logger intervals {3mins each)

Figure 4.21Test C = 60mg of Cagl 60mg of NaCOs; . 1000 ml of distilled water. ( Electro conductivityg

graphs can be found in Appendix C)

TEST C  Starting EC value 378.8 uS/cm
Finishing EC value Approx 369 uS/cm
Time of data collected 9 mins

Test C showed minimum amounts of precipitation witd pump off. When the pump was
turned on and the solution was passed through thB,Nhe rate of decline of the EC value

increased marginally as can be seen in Figureghahe right.
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It would appear that the reason less precipitatenéd in Test C was that it was not as
concentrated, and therefore there were not as gy colliding into each other in the
solution. From this experiment it was learnt tHa¢ £C value of the solution to be tested
should be between 400 uS/m and 700 puS/m. Around@epS/m, the precipitate forms
without pumping, and around the 400 uS/m the pi@atgbarley formed even with the pump

running.

TESTD

TestD

1.10 7 Pump on at 3
@ 1.00 - /
E_ 0.90 -
E
3 0.80 -
j= 5
o 0.70 -
v
£ 0.60 -
Q
g 050 -
£
v 040 -

0.30

1 2 3 4 5 6 7 8 9
Logger intervals {3mins)

Figure 4.22Test D = 100mg of Cagl 100mg of NaCOs . 1000 ml of distilled water. ( Electro conductivity

log graphs can be found in Appendix C)

TESTD  Starting EC value 714.9 uS/cm
Finishing EC value Approx 594.5 uS/cm
Time of data collected 24 mins

82 |Page



Test D behaved similarly to the other tests in thrate it was mixed and left to sit with the
pump off, the EC value would drop at first and therel out. This can be seen in Figure 4.22
between points 1 to 3. Once the pump was turnemhdrthe solution was passed through the
MTD, the EC value dropped again which showed that pfump did increase the rate of

precipitation.

The question was, did the pump create precipitdtimm the magnets, from the turbulence or
from the introduction of C@into the solution. Test E was setup to monitordae scenario

as Test D, but without the magnets attached.

TEST E

TestE

110 -
) - -

1.00 -

0.90 - 4

0.80 - \

0.70 -
0.60
0.50 -

_Pumponat 3

Change in Slope uS/cm/s

0.40
0.30

1 2 3 4 5 6 7

Logger intervals (3mins)

Figure 4.23 Test E = Approx 100mg of CaCl 100mg of NaCO; . 1000 ml of distilled water. ( Electro

conductivity log graphs can be found in Appendix C)
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TESTE  Starting EC value 778 pS/cm

Finishing EC value Approx 742.5 puS/cm.

Time of data collected 21 mins

Test E performed very similar to Test D. In thetfi8 mins the EC value dropped. In the next

3 minutes the EC value stabilised and when the pwagturned on, the EC value started to

drop again.
CompareTest D and E
1.10 )
Pump on at 3 for
£ 1.00 - /bothTestD and E
E_ 0.90 -
5
p 0.80
Q.
L 0.70
v
£ 060 - =—Test E
[H]
?ED 0.50 - —Test D
S 040 |
0.30
1 2 3 4 5 6 7 8 9
Logger intervals {3mins)

Figure 4.24 Comparing Test D (magnets) and Test E (no magiieEgctro conductivity log graphs can be

found in Appendix C)

It can be seen from Figure 4.24 that the rate atlwlest E precipitated was leveling out
quicker than test D. The extra rate of precipitatio Test D may be due to the magnets
however; this cannot be fully concluded as thereevgeveral errors in the method for this

comparison.

84 |Page



The solution for Test E was made by mixing equatpof CaCGl and NaCO; and adding

them to the Test D solution, to increase its EQi@dlack up to the 700s. Both solutions did
not begin with the same EC value, and the solutiofest E had been magnetised previously
in Test D. If the magnets had a lasting effect lom ¢rystallisation process then the results

from E would be unrealistic.

This once again shows the importance of when comgparsolutions, a bulk sample must be
mixed in which the 2 samples should then come ffbnis would give each sample the same

concentration to start with.

It was also concluded from this Test that the sotutalling from the pipe may be dissolving
CO; into the solution causing CaG®@ precipitate. The pipe was submerged below thiemv

line for future experiments as can be seen in Eigu25.

Figure 4.25(left) pipe position up to test E (right) pipe fims after test E
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TEST F

TestF
1.05
Pump on at 2

g_ 1.00 - \ / magnets attached at 4
o
2 090 -
]
v
< 0.85
& 080 -
c
T
S 075 -

0.70

1 2 3 4 5 6 7 8 9
Logger intervals {3mins)

Figure 4.26Test F =. Diluted test E down to 500 uS/m appratéety. ( Electro conductivity log graphs can be

found in Appendix C)

TEST F  Starting EC value 501 puS/cm.
Finishing EC value 493 uS/cm
Time of data collected 21 mins

Test F also had error in its method in that it esusolution E, which had previously been
solution D. What was learnt from Test F was thatas imperative to flush the pump tubing
after each test. In Figure 4.26 it can be seentatval 2, once the pump is turned on the EC
values rise. This was due to small amounts of swiatfrom Test E still remaining in the
pump tubing. Test E’s solutions had a EC valuerotiad 700 pS/cm/s so that when it was
pumped into Test F's solution of 500uS/m, it insexhits EC value momentarily.

TEST G
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Test G

1.05 +

Pump on at 2
1.00 | 4 «—

0.95 A

0.90 -

0.85 A
0.80

Change in Slope uS/cm/s

0.75 A

0.70

1 2 3 4 5 6

Logger intervals {3mins)

Figure 4.27Test G = Test B after 1 hour. ( Electro condutildg graphs can be found in Appendix C)

TEST F  Starting EC value 723.4 uS/cm/
Finishing EC value 709 uS/cm
Time of data collected 15 mins

Test G was Test B after it had reached equilibrilirnan be seen from Figure 4.27, that the
first 3 minutes showed that ions in the solutioonirtest B were in equilibrium where the

amount of crystals precipitating were the same arhas the ones dissolving.

Once the pump was turned on and the solution waseplathrough the MTD, precipitates
started to form. This time, it was not likely to bause from Cg as the pipe outlet was
submerged. The increased precipitation is likelyhtove been from either the magnets

exerting forces on the ions in opposite directioagsing them to collide, or turbulence at the
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outlet of the pipe causing the ions to collide.sTtast would need to be repeated without the

magnets to determine the difference in rate ofiprtion.

TESTH and |

CompareTest Hand |

1.13

/ Pump on at 2 for both Hand I
1.11 A

4

1.09 A
1.07
1.05 A
1.03 -
1.01
0.99
0.97
0.95

—f—Test |
== Test H

Change in Slope uS/cm/s

1 2 3 4 5 6

Logger intervals {3mins)

Figure 4.28Test H and | = Test H magnetic tap water, Teaplwater. ( Electro conductivity log graphs can be

found in Appendix C)

TESTH  Starting EC value 708.1uS/cm
Finishing EC value 715 pS/cm
Time of data collected 12 mins
TEST | Starting EC value 589.6uS/cm
Finishing EC value 604uS/cm.
Time of data collected 15 mins
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An example of how the probe needed constant céliloréas evident from the comparison of
Test H and |. Both were tap water from the sameérsa The probe in Test H had been
calibrated in Test G. The probe in Test | had besitorated just prior. It can be seen in Test
H the probe had reading errors and had over readE@ values by about 100 uS/m. This
didn’t appear to change the fluctuation but altettesl lower calibration value of the probe.
Distilled water should show an EC value of 0, butew the probe fell out of calibration,

distilled water would show an EC value of 100.

It was unclear as to why the tap water was incngpiss EC value while sitting in the beaker
without the pump running. This occurred with bo#mgles. In Test H, as soon as the
solution was passed through the MTD, the EC vatopped. This was not the same case for
Test | which continued to increase after the punag turned on, and started to decrease after

3 minutes of the pump running.
Both samples showed after the initial decreaseechbyg the pumping, the EC value began to
increase again. In Test |, at tHRifterval, the MTD was attached. This caused thev&Ges

to level out.

The lesson from this test was that the probe shbeldalibrated before each test, and tested

in distilled water at the end of each test to make it was still giving correct readings.
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TESTJ

Test )
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1.00 -
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0.90 - /______
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0.70
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Figure 4.29Test J = Tap water with approximately 50grams o€N& Electro conductivity log graphs can be

found in Appendix C)

Intervals 1 to 5 were withessed but not recordd@the NaCl was added to tap water and
dissolved with a glass stirrer. It was witnesseat the EC value was constantly increasing.
This was due to the salts dissolving into ionseA# while, the pump was turned on and the
solution was passed through the MTD. The EC valuese still going up. After a few

minutes of pumping, the EC values began to stabAizthis point the values were recorded

and graphed.

From interval 1-5 is an approximation of what wasessed. Intervals 5 to 14 were recorded

and can be found in Appendix B.
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It can be seen from Test J that at interval 5ssslrt precipitating out. This was not due to
the saturation point being met as it is a lot highan 50g of NaCl to 1000ml of water. It was

either caused by turbulence or the MTD it was agxlm

4.4.2 Discussion on Second Precipitation Tests

No clear cut conclusions can be made about MTDecedleness of increasing precipitation
of CaCQ. From the tests, it could be seen that runningstilation through the MTD was

increasing precipitation, but it was unknown whetties was from the magnets creating a
force on the ions which would cause them to collel precipitate, or from turbulence

which may also cause them to collide and preciitat

Busch (1997) witnessed that the MTD increased seateval by approximately 25%, but
when the magnets were removed from the deviceilhg/ghessed a 20% reduction in scale.

He concluded that the magnets only removed 5%aiésghile the turbulence removed 20%.

Further tests need to be conducted with the meiimpdoved upon. Recommendations for

improving the method include:

» The EC probe needs to be calibrated before evgrgrarent and tested at the end of

each experiment to make sure it is still calibrated

» No solution should be tested twice as the lastiferts of magnetism on the solution

is unknown.

» When comparing the effectiveness of passing theatisal through the treatment
device with or without magnets, both solutions stdaome from a pre mixed bulk
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solution. This way both samples should have exatiéysame concentrations. The
bulk sample should be mixed, split into 2 sampd@sl then left to sit until all ions are

in equilibrium.

» A variable speed pump should be used so the effestaried velocities can be

investigated.

What appears to be happening with MTDs removalcafesis that through turbulence and
magnetic forces acting on ions, the ions are stdagleto more collisions which create
precipitates in the solution. When the solution passed through a heat exchange,
precipitation is encouraged, and further crystatsvgfrom the precipitated seeds caused from
the magnetic treatment device. This precipitate@@sas now in solution and flows through

the heat exchange unit as sludge.

Without the MTD installed, when the Cand CQ ions flow through the heat exchange,
once again they are encouraged to precipitateTtt.CaCQ@needs to grow from a surface,
but with little to no precipitates formed, they rhgsow from the surface of the pipe which

builds up over time causing less heat transfecieficy.

This hypothesis may help understand why some MTBkwhile others don’t. Two factors

would have a large effect on the MTD. First, if dencentration of ions is low, then there is
going to be only a few precipitates formed as alted passing them through a MTD. This
seemed to be the case in Test C. This may mea @@ may still form on the pipes walls.

Secondly, if the MTD is placed at a large distafroen the heat exchange, even though the
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MTD may have created some precipitate seeds, biyrtigethey get to the heat exchange then
may have dissolved back into solution. This woush &ause CaC£xo form on the walls of

the pipe instead of flowing through as sludge ilitson.

4.5.1 Results on Cement Compressive Test

The results of the cement compressive test carebe Below. Each test group, MTW and
normal water, were graphed from the strongest dglirto the weakest. It can be seen that
Cement Group B out performed Group A. Group B wasnal tap water and Group A was

the MTW.

Group A acted as if it was a normal mixture. Thanegte of the force required to cause
failure in the mixture was 425kN. The average fotlcat caused failure in Group A was
420KkN. This would suggest that the MWT did nothioghe mixture and the mixture acted as

was expected.
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Figure 4.30Results from Cement Compressive Test.

The lines “10% improvement of estimate” and “20%piovement of estimate” in Figure
4.30 are where the required force to cause failuthe MTW cement were expected to be.
Su & Wu (2000) stated that after using MTW in mgxiobement the compressive strengths
were meant to be 10 — 23 % stronger.

Cement Group B, which was mixed with tap waterraged 12% stronger than the expected
range. One of the cylinders from Group B also hadgérfect break” as quoted by the lab

technician. A picture of the fracture can be seeRigure 4.31.
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Figure 4.31 One of the Group B cylinders showinmeefect failure.

4.5.2 Discussion on Cement Compressive Test

With the Group A (MTW) cylinders behaving like cemienixed with normal water, and the
Group B (normal water) cylinders behaving in thgexted range of cement mixed with

MTW, questions were raised whether there was alpbigsthese cylinders got mixed up.

If MTW did not affect the cylinders, it would besasned that their averages should be equal.
Each cylinder was subjected to exactly the same tnéxsame humidity and the same curing
time. With that said, it can be seen from the grapv much each cylinder’s strength from

the same group fluctuates.

One difference between each cylinder made was #tbad of packing the cement into the

mould. While each cylinder was packed in the samreéhod, the force one packs the mould

and the position where the rod packs is differemhetime. This is likely to be the cause of
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the large fluctuations of strength within each grolkigure 4.32 shows some of the cylinders

that were not as well packed into the moulds asrsth

Figure 4.32 Cylinders that weren’t packed as welte@uld have been.

For future tests to show more conclusive resuksetiwould need to be more cylinders per

group and the packing into the mould must be denevanly as possible.
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4.6.1 Results on Seed Germination Test

Comparison of MTW vs Normal on snow pea seed growth

1.4
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1.2 Average
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Figure 4.33Comparison of snow pea seed’s growth when treaigddifferent waters.

It can be seen from Figure 4.33 that the snow pgasvn (from seed) with MTW,

outperformed the seeds grown with tap water. TNexae plant mass for the plants that
used MTW was 0.805 g. The average plant mass éopldmts that used the normal tap water
was 0.705g. This was an increase of 12.5 % of Wieeage value by the plants that used the

MTW.

The median plant mass for the plants that used Mva4&/ 0.833 g. The median plant mass for
the plants that used the normal tap water was Q.6Bfis was an increase of 17.5 % of value

by the plants that used the MTW.
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Comparison of MTW vs Normal on snow pea seed growth
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Figure 4.34Median Version: Comparison of snow pea seed’s tiravihen treated with different waters

The standard deviation for the plants that used MV&g 0.245g. The standard deviation for
the plants that used the normal tap water was §.280@en when the 3 lowest plant masses

were taken off as outliers, the graphs still shosiedlar results.

Comparison of MTW vs Normal on snow pea seed growth (3
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Figure 4.350utliers version : Comparison of snow pea seedis/th when treated with different waters
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A T-Test was performed to determine whether thensed the two groups were statistically
different from each other. According to Trochin®@B) in most social research, the "rule of
thumb" is to set the alpha level at .05. This mahasfive times out of a hundred you would

find a statistically significant difference betwety@ means even if there was none.

signal _ difference between group means
noise variability of groups
T v i
= Xy = X
SE(X; - Xc)
= t-value

= = vars varg
SE(X; - Xo) = A * Tno

Table 4.2 T-Test Calculations (seedlings)

Group Mean STDEV Sg STDEV ~ Number
MTD 8.136 2.068238 427760952 15
No MTD 7.169 1.312329 1.72220667 15
T= 1.5289
Degree
Freedom 28
Table 4.3 T-Test Table
Degrees of Freedom ” Probabhility, p

0.1 0.05 0.01 0.001
26 1.7 2.06

2.78 3Tl

27 1.70 2.03

2 [l 70] 205 |
|29 (B |

2,76 | 3.67 I

|

(S R SR | R
] a s ]
=
=3

The T value of the results was calculated to b€895The T value from the T-Table for a p
of 0.05 and a df of 28 was 2.05. The fact thatTtsiable value is greater than the calculated
T value suggests that the results from the experinage not significant enough to be
conclusive. These results could have been dueancehvariations rather than experimental

method.
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4.6.2 Results on Mature Plant Growth

Figure 4.36 shows the plants from the second testesr final stage of growth before being
weighed. The two pots on the left were watered WERW. The two on the right were
watered with normal water. From looking at themisitvery hard to notice any major

differences. There was however, a significant d#ffiee which can be seen in Figure 4.37.

Figure 4.36Plants at final stage of test

MTW seedlings vs normal water seedlings
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12 ‘\\
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= MTWY Plants
n 8 F — Average
E Normal Planst
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0

1 3 5 7 9 1 13 15

Plant number

Figure 4.37Comparison of larger plants test shows similaultecompared to the smaller plants test.
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The second test, which compared more mature plghtsys similar results to that achieved
in the first test. The average plant mass for thatp that used MTW was 8.13g. The average
plant mass for the plants that used the normaivaier was 6.87g. This was an increase of

15.5 % of the average value by the plants that tieeTW.

The median plant mass for the plants that used Mya¥ 7.51g. The median plant mass for

the plants that used the normal tap water was 7.Ifig was an increase of 4.5 % of the

median value.

The standard deviation for the plants that used MV&¥ 2.133g. The standard deviation for

the plants that used the normal tap water was 1.73g

When the smallest plant was taken away from eagthstample as an outlier, the results were

still similar.

MTW seedlings vs normal water seedlings
with outliers removed

14

I \—\\ MTW Plants

b 8 Average

E Normal Planst
= B Average

4]

o 4 ——NMTW Plants

—m—Normal Plants

1 3 &5 7 & 11 13 15

Plant number

Figure 4.38 Outliers version : Comparison of sn@a mature growth when treated with different waters
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A T-Test was performed to determine whether thenned the two groups were statistically

different from each other.

4.4 T-Test Calculations (Mature Plants)

Sq
GroupMean STDEV STDEV Number
MTD 0.805074074 0.245390415 0.060216 27
No MTD 0.705766667 0.240549326 0.0578639 30
T= 1.539877586
Degree
Freedom 55

4.5 T-Test Table
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Probability, p
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The T value of the results was calculated to b83485The T value from the T-Table for a p

of 0.05 and a df of 55 was 2.00. The fact thatTtiiable value is greater than the calculated T

value suggests that the results from the experinagat not significant enough to be

conclusive. These results could have been dueancehvariations rather than experimental

method.
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The mature plant test was finished earlier thareetqal due to changing weather conditions
and other unforseen events. It would have beemnrdtive to be able to weigh the snow pea

pods that the plants produced.

Several of the snow peas had flowers and buds ggpwith one of the MTW plants growing
a snow pea. Each bud / flower that was bigger ftvarf was taken off each plant to compare.

Figure 4.39 shows the buds/ flowers produced bi gaaup of plants.

>

ntreated Tap water plants

)

[ flovers formed |

Figure 4.39Comparing buds from each group

From figure 4.39 it can be seen that the planteredtwith MTW where beginning to flower

earlier.

4.6.3 Results on Salt Tolerance Test

The salt tolerance plant test was a failure aplaets were killed from too much salt. Figure

4.40 shows the plants at the end of the test.
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Figure 4.40Plants were killed with too high salt concentratioPlants on right are MWT

When watering these plants, they seemed healththéend of the '3 week. Figure 4.20
shows the plants at the beginning of tfeweek just before being watered with a 437ppm
sodium chloride solution. Even after a week of geivatered by the 437ppm solution, the
plants were still growing well so a higher solutimas used. On the"Sweek a solution of
562ppm was used. From this point on the plantsestdo die. From this, it would be advised
that salt water with a concentration of around 400e used for each watering event in

further experiments.

Figure 4.41Plant groups being watered with salt water sahlthy at end of week
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It was also concluded from this test that when viradewith salt water, it is important not to
pour the salt water on the leaves of the plantnFiigure 4.41, it can be seen that every leaf
that would have been watered on, died, while theds that escaped the water were healthier.
An alternative to watering the pots from above wioloé to place the pots in a bucket filled

with a certain amount of water. That way the wan soak into the soil without touching

the plant leaves.

The results for the salt tolerance plant test vesiterecorded and shown in Figure 4.42. No
conclusions about the ability for MTW to improveltsmlerance can be made from the

experiment as the method contained inconsistencies.

40

35

30

m 1stPot

25

20 - B 2nd Pot

15 -

Plant Mass (g)

m Combined

MTW normal

Figure 4.42 Failed Salt tolerance experiment result
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4.6.4 Discussion on Plant Growth Test

The MTW out performed the Tap water in all 3 of thsts conducted. Thé'fest achieved a
12.5% increase by the MTW plants compared to thenabtap water plants. In thé%est a
15.5% increase was achieved by the MTW plants comadptn the normal tap water plants.
This is similar to the results achieved by Bogdfif99) who concluded from their findings

that MWT induces an increased yield by 10-15%.

The 3% test's results are unreliable as the method coatiaérrors. To do thé®3salt tolerance
test again, it would be recommended to modify tle¢hod by the following ways.

» The snow peas should be watered with salt watéchaas about a 200 — 250 ppm
concentration. This figure is used as Dunn (2004ins that snow peas have a salt
tolerance of around 110ppm. Using a concentragogel than this will reduce yields
in plants watered with untreated water. Plants tisatMTW can then be compared if
their yield is reduced by the same amount.

» There would be two different watering methods delpem on which irrigation event
is to be simulated. To simulate plants being watémem above, it is recommended to
follow the same method used in this experimentsifioulated plants being watered
from below, it is recommended to fill buckets ughwa set level of water, and place
the pots inside allowing the water to soak in fribi@ bottom.

» The more plants and pots used, the more validabdts will be.

As for the first 2 tests, it is hard to find anyet reason for the increase in crop yields other
than the MTW. Each plant had the same quantityaibw same medium to grow in and was

from the same bag of seeds. It is possible thatheaseeds had ended up in the MTW

106 |Page



samples by chance allowing greater growth. It wes possible that microclimates may have

had an advantage on certain pots even though tslivgere rotated.

The next step in this experiment would be to cohduplant growth test on a larger scale.
This would decrease the likelihood of quality okdg effecting the results. It would be
difficult to test the effectivhess of MTW on a fiebf crops, as it would be difficult to find 2

fields exactly the same to compare.

An alternative to doing a field test would be tsttMTW'’s effectiveness on a hydroponic
farm. This way, all plants are in the same mediuma ean be given the same nutrients and
amount of water. It would also be recommended sottee MTW on irrigation water that is
saline as this is where the claims of greatest gi@d increases are reported. (Bogatin 1999)
From these findings it would be recommended foigators to begin placing strong
magnets (above 4000 gauss) in alternating arrangsnoger small (< 2 inch ) irrigation
pipes. Farmers will know their field’s charactéds, and will be able to conclude
whether the MWT is successful for them or not. Bsting MWT on a large scale, over

many sites, more will be learnt about the effectass of the treatment.

The advantage of this treatment is that it canrstalled and tested for a low cost.
Magnets with a pull force of 75kg can be purchdsed10 each meaning an alternating
MTD with 5 sets of magnets can be made for $10@. @roblem with building your own
MTD is that it is of an external type and the efifeenes of external MTDs on large pipes
is unknown. Figure 4.43 shows an example of howeaternal MTD may lose

effectiveness on large pipes.
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Figure 4.43 Why external MTD may not be as effectin larger pipes.

For larger pipes, internal MTDs would need to bsigiged or purchased. It would be difficult
to make any definite conclusions about the efenggs of MWT on plant growth. From the
positive results attained in this experiment, itwdobe recommended that a number of
further tests need to be conducted on larger sdaldy after a 100 or so field tests have been
done will we be able to see a clear picture of MWT affects plant growth in pure and

saline water.
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CHAPTER 5

CONSLUSIONS
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Chapter5  Conclusion

5.1 Conclusion

No conclusive results that proved the effectiverefsMTDs were attained throughout the
experiment. After observing and analysing the tssaftained from each experiment, it was
concluded that the experiments could be modifiedrprove the controls. The majority of
the findings from this research were focused ontvahiside influences were affecting the

results and how to eliminate them.

Improvements to the pH, DO, Precipitation, Planbvidh and Cement Tests were found. It
is believed that performing tests with these improents should produce conclusive results

regarding the effectiveness of MTDs.

Several of the experiments appeared to have eféectintrols. The heat capacity test showed

reproducible results showing that MTW had no eftectthe heating capacity of tap water.

The plant growth tests had effective controls kaitree T- test showed, the results were not
significant enough to be conclusive. The plants teseds to be performed over a larger
number of plants. The promising results attainesltmw the need for the experiment to be

taken to a larger scale.

To do a larger controlled plant test would reqairarge green house with over 200 plants. It
would be simpler to attach a large range of MTDgatonland irrigation pipes. MTDs are
cheap and have no operating costs. If the MTDsatomork, they will not affect the crop.
On a farm there will be limited controls and theref limited conclusive results will be
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derived from the experiments. However, if many farsee an improvement it will increase

the use of MTDs and will slowly give us a largedarstanding of the mechanism.

The CaCQ precipitation test produced some interesting tesul that by pumping water
through the MTD caused precipitation of Ca{COThe experimental procedure had some
flaws in the controls however, which made it unabde conclude how much of the
precipitation was caused by turbulence. The refisgderimental procedure should give

conclusive results showing the difference with atthout the MTD attached.

One of the objectives of this thesis was to findraperty of water that was influenced by
MTDs and use that to optimise a MTD. From the eixpents done, the refined CagO
precipitation test may be a useful field test foeaking MTDs. The experiment could be
performed onsite with a small amount of equipmamthsas, laptop, EC meter, battery
powered pump and MTD. Although the experiments deaee not conclusive, a solution of
calcium chloride and sodium carbonate with an E@evaf around 500uS/cm would be

recommended to be used for the test.

This theis was successful in the way that it coatpid large ranged of published journal
papers on the effectiveness of MTD’s and summetisedheroies behind the mechanisms. It
proposed a hypothisis of how the MTD’s reduce seale the experiments performed could
not prove the hypothesis wrong. The theoies of MWDs improve water quality are within

the realms of science and may even teach us nencegcabout how the molecules of water

interact.
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From the literatcure, a range of experiments wereebbped to test the claims form the
published journal papers. While the experimentseliged were not conclusive they were
the foundation for the design of the improved expents. The improved experiments

should give more conclusive results to the effestess of MTDs.

5.2 Future Research

Future experiments needs to be done on the pH,d@ent, CaC®Precipiation and plant
growth tests. These experiments need to followdéltceomendations learnt from this papers

research.

If it is found that MTDs alter the rate of precitian of CaCQ, this exeriment should be used
to optimise the configurations of MTDs. Paramesesh as strength of magnets, number of
magnets, orientation of magnets and velocity oftems passed through the magnets should

be used to determine what configuration is optimal.
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Seedling Test Data

Mae Plant Data

Mass(q) Mass(g)
Magnet 1.13 Tap 1.154
1.1 1.118
1.1 1.018
1.065 0.987
1.06 0.971
1.026 0.961
1.011 0.916
0.982 0.91
0.963 0.853
0.947 0.851
0.919 0.851
0.903 0.809
0.835 0.733
0.833 0.729
0.813 0.69
0.806 0.682
0.802 0.627
0.799 0.62
0.758 0.606
0.64 0.599
0.633 0.572
0.565 0.563
0.515 0.553
0.49 0.535
0.488 0.514
0.317 0.5
0.237 0.361
0.354

0.299

0.237

Mass(q) Mass(g)
Magnet 12.07 Tap 9.31
11.15 9.02
10.06 8.16
9.48 8.07
9.24 8
9.21 7.89
8.55 7.32
7.6 7.18
7.43 7.16
7.34 6.82
7.06 6.29
6.63 6.26
5.71 6.22
5.28 5.33
5.24 4.51

121 |Page




Appendix C Electro Conductivty Data

122 |Page



TESTA 1-3min

870—

=

S50— F

UL

820— -

| |
Canductivity (ps/cm)

=1 inear Fit Far: Latest: Conductivity
¥y = mt+b
miSlope) -0.3212 pSicmss

=

810+ biY-Intercept]: 862.6 pSicm
Correlation:-0.7350
750 . . . . | . . . . | . . . . | . . .
o 50 100 150
</ Time (=) >
0.3, 576.9) - -

TESTA 3-6min

820 =

S00— 'l |_ F

£ BiiEwa Ul
@ A
= ¥B80 [~ =a N ‘ |q
: bigin i
-=
E I | i
= q
= ] v | |
) | I} n
ﬂ FEO0— =1 inear Fit For: Latest: Conductivity
¥ = mt+h
miSlope): -0.1184 pSfomds
b(%¥-Intercept): 788.2 pSicm
] Correlation:-0.3886 ll ”
740 T T T T I T T T T I T T T T I T T 1
a 50 100 150
<— Time (s) 3
w 3.8, 817.8) -

123 |Page



TESTA 6-9min

7E0— =1=1 inear Fit For: Latest: Conductivity
¥ = mt+h

miSlope): -0.1064 pSicmis

b-Intercept): 7606 pSicm
Caorrelation:-0.3366
TEO—T V
H—\—‘_\—“—\—
1 | L
u T

720 T T
u] 50 100

<= Time (s) —y

=

Conductﬁity {pSfem)

/

T

{0
=
oy
T

41179000

TESTA 9-12min

TEO— =

F40—

=

| ]
Conductivity (pSicm)

=

720 I’ h

=1 inear Fit For: Latest: Conductivity
v = mt+h

miSlope): -0.06718 pSfioemis
bi¥-Intercept): 736.5 pSicm
Correlation:-0.2245

700 . . . . | . . . .

o 50 100
<= Time (s) -t

426, 755.61

124 |Page



TEST A 12-15min PUMP OFF

740

1
E =1 Linear Fit For: Latest: Conductivity
v = mt+h
1 m{Slope): -0.04323 pSicmis
J b(¥-Intercept): 722.3 pSicm
Carrelation:-0. 1664
730- Il l‘ "/
720+ HEHE -
i
ling T
710+

IR

u] 50 100 150

G Time () —

=
—
]

n
Conductivity (p3fcm)

=

L79.8, 739.92) -
TEST B 1-3min
S - -
1080—
ﬁ mED_I WN
’g J
o]
=
=
VZ 040 =
E] =] Linear Fit For: Latest: Conductivity
g ¥ = mt+h
L= miSlope): -0.2651 pSicmis
b(*-Intercept): 1070 pSicm
ﬂ. Caorrelation:-0.7194
1020—
1000 T T T T I T T T T I T T T T I T T ]
u] a0 100 150
4 Time ()
J0.8, 1086.5)

125 | Page



=

Conductivity (pS/cm)

&

00—

TEST B 3-4min Pump On 4-6 min Pump off

y = mt+hb

Correlation:-0.05625

<=1 inear Fit For: Latest: Conductivity

miSlope): -0.04722 pSicmis
b(¥-Intercept): 1016 pSfcm

#='| inear Fit For: Latest: Conductivity

¥ = mt+h

miSlope): -0.3306 pSiomis
b{%-Intercept): 1035 pSfiom
Carrelation:-0.6540

(52.2, 770) di: 1226 dy: 125

=

Conductivity (p3form)

3F0—

360

<= Time (=)

TEST C 1-3min

y = mt+h

==l inear Fit For: Latest: Conductivity

m{Slope): -0.02983 pSicmfs

biY-Intercept): 378.8 p=fcm

Correlation:-0.1292

I
u]

[36.5, 401.76)

R

Time (=)

=

150

126 |Page




380

350

Conductivity (p5/cmm)

3IF0—

=

360—

TEST C 3-6 min PUMPON

= Linear Fit For: Latest: Conductivity

Ed
|j ¥ = mt+b

miSlope): -0.03565 pSficmids
bi{*¥-Intercept): 375.6 pSficm

Correlation:-0.1591

o

L2711, 393.67)

390—

=

3580

Conductivity (pSfom)

370

|

360

TEST C 6-9 min PUMPON

< Tirme (s)

EE

Linear Fit For: Latest: Conductivity

v = mt+b

miSlope); -0.02533 pSiomds
b{¥-Intercept): 373.3 pSfcm

Correlation:-0.1310

|
100

—>

0

o£18.1,393.80)

=

Time (5]

|
100

=

127 |Page




TEST D 1-3min NO PUMP

720+ v
= F00— U
= -
o
= |
=
-% =T inear Fit For: Latest: Conductivity -
= y = mt+b u
E miSlope): -0.1265 pSicmis

b -lntercept): 714.9 pSicm
Correlation:-0.5095

&
o
o
[}
|
=

880 " " " " | " " " " I " " " " I
[u} 50 100 150
R Tirme (5] —
442, 729.7) - -
TEST D 3-6min
700

=] Linear Fit For: Latest: Conductivity
¥ = mt+h

miSlope): -0.007875 pSicmds
bi-Intercept): 634.4 pSicm
Correlation:-0.03756

| | A T

=

B30

Conductivity (pSécm)

B30

&

B70—

. . . . | . . . ' |
] a0 100 150
{4/ Time(s)  —p

[102.0, 702.16) -

128 |Page




TEST D 6-9min PUMP ON

=] Linear Fit For: Latest: Conductivity
1 y = mt+h

590— m(Slope): -0.09770 pSicmis

b(¥-Intercept): B82.0 pSicm

|| Cuorrelation:-0.4369

e —
;

Conductivity
a7}
=]
T

—
[—
i
A —

{0
7
-
7

] || U
BB0—

T I T T T T I T T T T I
u] a0 100

150
] Time (s) —>

[75.2, 695.60)

TEST D 9-12min
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TEST D 12- 15 min

¥ = mt+b
miSlope): -0.1011 pSfcmis
b(Y-Intercept): B45.9 pSicm
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TEST D 15-18min
L] - |
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TEST D 18-21min
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Conductivity (pSicm)

=

TEST E 1-3min NO Pump

500
==l inear Fit For: Latest: Conductivity

vy = mt+b
m{Slope) -0.1202 pSicmss
b(Y¥-Intercept): 778.0 pSiocm
Correlation:-0.5233
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TEST E 6-9min Pump On

770
=] Linear Fit For: Latest: Conductivity
¥ = rmt+h
mi=lope): -0.1130 pSiomss
biY-Intercept): 750.2 pSicm
Carrelation:-0. 4804
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TEST E 9-12min
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TEST E 9-12min

L1141, 729 600

TEST E 12-15min

-
730
=1 | inear Fit For: Latest: Conductivity
¥y = mt+h
miSlope): -0.06261 pSicmds
b -Intercept): 710.2 pSfcm
Carrelation:-0.3002
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TEST F 1-3min NO MAGNETS PUMP OFF

|
510 = Linear Fit For: Latest: Conductivity
¥ = mt+hb
miSlope) -0.06124 pSfomis
b(*-Intercept): 501.0 pSicm
Correlation:-0.3035 “
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TEST F 3-6mins NO MAGNETS PUMP ON
540— "
=] | inear Fit Far: Latest: Conductivity
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TEST F 6-9 mins No MAGNETS PUMP On

520

=

¥ = mt+h

m(Slope): -0.03577 pSicmds
b(¥-Intercept): 509.7 pSicm

=] Linear Fit For: Latest: Conductivity
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TEST F 9-12mins MAGNETS ATTACHED PUMP

= inear Fit For: Latest: Conductivity

¥ =mt+h

m{Slope): -0.004064 pSicmis
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TEST F 12-15mins MAGNETS ATTACHED PUMP
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y = mt+h
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TEST F 18-21 mins MAGNETS ATTACHED PUMP

530

=1 inear Fit For: Latest: Conductivity
¥ = mt+h

miSlope): 0.0005989 pSicmds
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TEST G 1-3 mins MAGNETS ATTACHED No Pump

=1 inear Fit For: Latest: Conductivity
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TEST G 3-6 mins Pump On

F40

=1 | inear Fit For Latest: Conductivity
¥ = mt+h
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TEST G 6-9 mins Pump On
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TEST G 9-12 mins Pump On

29=I'|inear Fit Far: Latest: Conductivity
] y = mt+h
730 miSlope): -0.03211 pSfemids
biY-Intercept): 712.1 pSfcm
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TEST H 1-3 mins Pump Off

|
EE Linear Fit Far. Latest:Conductivity
¥ = mt+b
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TEST H 6-9 mins Pump On

=] Linear Fit For: Latest: Conductivity

73— y = mt+h
miSlope): 0.01698 pSicmds
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TEST | 1-3 mins Pump Off No Magnets
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TEST |1 6-9 mins Pump On
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=1 inear Fit For: Latest: Conductivity
¥y = mt+h
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TEST J 1-3 mins Pump On Magnets on
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TEST J 6-9 mins Pump On Magnets on
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TEST J 12-15 mins Pump On Magnets on
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TEST J 18-21 mins Pump On Magnets on
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