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Abstract
Despite its ubiquity, there is relatively little scientific literature on magnetic water treatment. It is not clear how, or even if, it works. Unlike chemical water softening, magnetic treatment should have no direct effect on water chemistry (unless the magnets are in contact with the water); yet, it is claimed to alter the morphology and adhesion of molecules.

The aim of this project is to investigate the effect of magnetic field on CaSO4 solutions properties, and then to see how these potential changes of solution properties can influence the efficiency of filtration process if done directly after applying the magnetic field on it.  
Claims of the electromagnetic field effect on precipitation of salts, coagulation of colloids and wax formation from crude oil, have been met with considerable skepticism, mainly because there is no obvious way for a magnetic field to influence any of these processes.

Much of the irreproducibility of the data, and possibly the effect itself, may result from inadequate control of experimental conditions. Here, we set out to establish whether or not any effect exists. We conducted several experiments using identically treated samples, with and without magnetic field. There is considerable variability in the results, but our method enabled us to answer the key question, and to identify some relevant variables.

Our results indicate that exposing the solution to the set magnetic field for a specific period of time can enhance the effectiveness of the water treatment technique. 

Chapter 1: Introduction
The magnetic treatment of hard water is an alternative, simple approach by which the hard water that needs to be treated is exposed to a magnetic field. This field is created by inducing current in a coil located around a beaker. Consequently some of its properties, such as total dissolved salts (TDS) and electrical conductivity (K) change. The primary purpose of hard water treatment is to decrease TDS in the incoming liquid stream even it is surface or ground water.

Between 2000 and 2050 water demand is projected to increase by 55 percent globally, meaning that the number of people impacted by water scarcity and stress will continue to rise. Most importantly, more than 90 percent of global water is either salty, hard or contaminated water.
Hard water is water that has a high mineral content. The main components of these minerals usually are calcium (Ca2+) and magnesium (Mg2+) ions, in addition to dissolved metals, bicarbonates, and sulfates. Calcium usually enters water as either calcium carbonate (CaCO3) in the form of limestone and chalk, or calcium sulfate (CaSO4) in the form of several other mineral deposits. 
Most calcium in surface water comes from streams flowing over limestone, CaCO3, gypsum, CaSO4•2H2O and other calcium-containing rocks and minerals, Groundwater and underground aquifers leach even higher concentrations of calcium ions from rocks and soil. Calcium carbonate is relatively insoluble in water, but dissolves more readily in water containing significant levels of dissolved carbon dioxide.
Due to the hardness of water, scale is formed. The problem of scaling causes loss of production or process time and deterioration of equipment and equipment failure; it also increases energy consumption and loss of turnover. The methods by which the TDS of water can be reduced and thus scale treated can be chemical or physical. The chemical method has been shown to be very effective; however, it can cause environmental pollution through the disposal of treated water  (Donaldson, 1988). The physical methods such as magnetic treatments and advanced filtration techniques have attracted much attention for over 100 years.
Applying a magnetic field to natural water causes a redistribution of flow energy because of a momentum change of charged particles. All the particles and ions are electrically charged such that when magnetic fields are introduced convection and induced currents cause the liquid to spin. This movement then effects changes in gas content and the amount of salt crystallization centers in the water (Sherkliff, 1965). The quick change of the magnetic field in a properly designed magnetic water softener loosens hydrate layers and films in a moving liquid, thus enabling coagulation and coalescence (Bogatin et al., 1999).
Chapter 2: Constrains
· At the beginning of work, we couldn’t have the electrical conductivity meter in the same laboratory beside the MF coil. That required us to waste 1 minute before reaching the conductivity meter in the other laboratory.
· MF samples sizes (volume) were limited to 500 mL as a maximum amount that can be exposed to MF at the same time.

· The highest MF produced was 1040 Gauss generated from 10 Amber electrical line.

· The RO filter used was previously used with no details about its shelf life and deactivation limits.  

Chapter 3: literature review
3.1  Principles of Magnetized Water
Natural water contains micro and macroparticles of organic and inorganic natures along with different ions, zoo- and phytoplankton, and microbubbles (Bogatin et al., 1999). Magnetic water treatment is based on the principle of “magnetohydrodynamics”, where; electrical energy is added to charged particles in water that contains ions and small solid particles with electrostatic charges by a magnetic field.  The energy is produced by the momentum of the particles and remains attached to the particles as surface energy (Gehr et al., 1995).

Magnetic water (MW) is water that has been passed through a magnetic field. Magnetic water treatment devices (MTDs) or magnetic water softeners are environmentally friendly, with low installation costs and no energy requirements. MW can be used to increase crop yield, induce seed germination and benefit the health of livestock. MW treatment is currently used in Australia, Bulgaria, China, England, Japan, Poland, Portugal, Russia, Turkey and the United States for these purposes (Qados and Hozyan, 2010). It is believed that magnetized water used for irrigation can improve water productivity (Duarte Diaz et al., 1997), thus conserving water supplies for the expected future global water scarcity.  
MW has also been found to be effective at preventing and removing scale deposits in pipes and water containing structures.  Magnetized water also can increase the levels of CO2 and H+ in soils comparable to the addition of fertilizers. Cleaning agents have an increased effectiveness when combined with the power of MW, and the amount of cleaner used can be reduced by one-third to one-fourth (Kronenberg, 1993).
McMahon (2009) summarizes that in order for water to be properly treated, magnets should have a strength reading of approximately 3000 Gauss, the solution should be passed through the device more than three times, that all piping should be steel, copper or PVC II and the orientation of the magnets should be alternating.
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     Figure 1:  Configuration of ionic particles in a magnetic field (Gholizadeh et al., 2008).
It was reported that the application of a magnetic field to natural water can enhance degassing by 25-30%, caused by local dehydration of surface microbubble films and a decrease in pressure in the center of vortices resulting in an increase in free gas bubbles that can then be released into the open air (Bogatin et al., 1999).  This degassing increases permeability in soil, resulting in an increase in irrigation efficiency.

3.2 molecular dynamics simulation for the effect of an external magnetic field on the structure of liquid water 

According to a research at ( National Cheng Kung University  ,Taiwan, Republic of China( t esearchdies 















































































































) , the molecular structure of water was studied by the application of magnetic field with a strength ranging from 1 to 10 T , it was found that number of hydrogen bonds increases slightly as the strength of magnetic field increases , this implies that the size of water cluster can be controlled by an application of external magnetic field  The structure of the water is analyzed by calculating the radial distribution function of the water molecules. The results reveal that the structure of the water is more stable and the ability of the water molecules to form hydrogen bonds is enhanced when a magnetic field is applied.

Another study emphasized the previous results and said that when a magnetic field is applied to water the molecular structure becomes more stable and the ability to form hydrogen bonds is enhanced, and so magnetizing water can increase the number of hydrogen bonds by 0.34% as shown in the figure below (Chang & Weng, 2006).  In the same study, the researchers verified results of decreased surface tension and increased viscosity with the application of a magnetic field on water.
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          Figure 2:  Surface tension and adhesion variation with magnetic field (Chang & Weng, 2006). 
3.3. Physical Benefits of Magnetized Water:

3.3.1. Salinity
Magnetic treatment of saline irrigation water can be used as an effective method for soil desalinization.  The application of a magnetic field on water decreases the hydration of salt ions and colloids, having a positive effect on salt solubility, accelerated coagulation and salt crystallization (Hilal and Hilal, 2000).  Field experiments conducted in Egypt showed that, sandy loam soil pots irrigated with normal highly saline water of an electrical conductivity value of 8.2 mmohs/cm retained salts compared to pots irrigated with magnetized saline water (Hilal and Hilal, 2000). The study showed that MW increased leaching of excess soluble salts, lowered soil alkalinity and dissolved slightly soluble salts (Hilal and Hilal, 2000).
3.3.2. pH
According to prevous researches and studies, pH changes have been observed with the application of a magnetic field to water( (Joshi and Kaat, 1966) and (Busch et al., 1985).  Another study confirmed a decrease in pH in a study using sodium hydroxide to stabilize pH at 8.5 then applying magnetic treatment to the solution (Parsons et al., 1997).  In this study, the magnetically treated water required up to 2.5 times more sodium hydroxide compared to the controls to stabilize pH. As shown in figure 3 pH has been shown to decrease from 9.2 to 8.5 after magnetic treatment in a system with Ca(OH)2 (Ellingsen and Kristiansen, 1979), where the degree of the reduction was dependent on the strength of the magnetic treatment. A research showed an initial decrease in pH from 7.0 to 6.5, that was followed by an increase in pH with time from 7.5 – 8.0 (.  Busch et al.1985).  
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                          Figure 3:  The effect of magnetism on the pH of water (Parsons et al., 1997).
3.3.3. Permeability
Water becomes degassed in the process of being magnetized and this degassing increases soil permeability, which creates an increase in irrigation efficiency (Bogatin et al., 1999).  In addition to soil permeability, MW water interacts with the structural calcium in cell membranes, making the cells more permeable (Goldsworthy et al., 1999).  The reduced surface tension observed in MW results in better infiltration of water and a reduction in water and chemical use.  At the Indianapolis 500 Brickyard Crossing Golf Course a MTD has been installed to treat irrigation water.  An improvement in the infiltration distribution of water has all but eliminated wet and dry area, reducing 80 hours of weekly hand watering to less than 10 hours a week (Ritchie & Lehnen, 2001).  The improvement in uniformity distribution of irrigation water has saved money in labor, hand watering and roping off wet areas, and golf cart damage.
3.4 Applications of Magnetized Water
3.4.1. Crop Yield
An advanced study showed an increase in crop yield, size and sugar content of melon grown with magnetized irrigation water in South Africa (Lin and Yotvat, 1990). Another one reported statistically significant increases in the yield and water productivity of snow peas and celery, but no significant effect on the yield or productivity of peas (Maheshwari and Grewal, 2009).   Reina et al. (2002) reported a significant increase in the rate of water adsorption and an increase in total mass of lettuce when treated with magnetic water.

Chickpea plants irrigated with magnetized water grew taller and heavier than plants irrigated with tap water (Hozayn and Qados, 2010).  The authors attribute this stimulation to an increase in photosynthetic pigments, where the magnetic water induces cell metabolism and mitosis meristematic cells in pea, lentil and flax (Belyavskaya, 2001).  Additionally, it is believed that new protein bands are formed in plants that are treated with magnetic water, and that these proteins are responsible for increased growth (Hozayn and Qados, 2010). MW has been linked to increases in photosynthetic pigments, endogenous promotors, total phenol and protein biosynthesis in plants (Qados and Hozayn, 2010 and Shabrangi and Majd, 2009).
3. 4. 2. Germination
The application of a magnetic field has been shown to induce seed germination, and increase the percentage of germinated seeds, that some research showed an increase of the germination rate and percentage of rice seeds treated with a magnetic field (Carbonell et al, 2000). While oters treated tomato seeds with a magnetic field and found that germination rates were accelerated about 1.1–2.8 times when compared to the control seeds (Moon and Chung, 2000). According to similar study, a <50% germination rate was experienced, when seeds were treated with MW part (Pinus, 2007).  But, all studies have not confirmed this increase or decrease in germination rate, and others went to say that there is no effect of magnetic treatment on the growth of pea, flax, and lentil seeds (Govoroon et al., 1992).
3.4.3. Livestock
Dairy cows that drink magnetized water have shown an increase in milk production with the same amount of milk fat as present in cows drinking ordinary water.  They also have a longer lactation period with fewer non-productive days and overall health is better (Lin and Yotvat, 1990).  It was demonstrated that young male cattle watered with MW increased their dry feed intake, while improving their digestion and nitrogen retention (Levy et al., 1990).  Piglets watered with MW drank twice as much water, and grew 12.5% larger than the control group (Kronenberg, 1993).  Chickens watered with MW grew larger, with an increase in the meat to fat ratio, and experienced reduced mortality rates (Gholizadeh et al., 2008).  Also, poultry have showed an increase in egg production when watered with MW (Lin and Yotvat, 1990).

3.4.4. Health
Globally millions of people drink MW as a “healing’ prophylaxis, despite little evidence to support or debunk the benefits of MW on health.  In China the use of magnetic materials is a traditional remedy and is becoming more popular in modern medical science.  Drinking MW has been reported to improve bladder problems, stroke recovery, arthritis pain and reduce blood pressure.  But no systematic clinical trials have been completed to support or disprove these effects (Grusche et al., 1997).  Thought to improve the bodily environment through the introduction of a magnetic field, it is believed that MW can strengthen the immune system, antioxidant activity and decrease blood viscosity, cholesterol and triglycerides (Dayong et al, 1999).  Decreasing blood viscosity can keep blood flow rates at normal levels, preventing fats and plaque from accumulating on vessel walls and cell membranes.

3.5 Hard water treatment using magnetic field 
The effect of magnetic field on the scaling rate is studied by various authors including Ellingsen and Kristiansen who studied the effect of field strength on the scaling rate. The authors found the precipitation rate to increase with increasing magnetic flux as shown below. A number of these authors have proposed mechanisms to explain the observed changes. These have included changes in the water of hydration of the calcium ion, alteration of the molecular rotation of water adsorbed onto materials , and a localized pH shift resulting from the electric currents generated by Lorentz forces (Qzeki and Wakail, 1991).
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Figure 4:  Picture (C) is a steel pipe with scale from untreated water; (D) is a similar pipe with little scale from magnetically treated water (Lipusa and Dobersekb, 2007).
The precipitation of CaSO4 was firstly investigated in 1995 and it was found that magnetic treatment induced precipitation of gypsum crystals (CaSO4 2H2O) (Gehr et al.,1995).  But also found that if magnetic treatment were to be an effective treatment for scale prevention it would most likely reduce precipitation on solid surfaces and encourage crystallization.  Additionally,  other studies showed that solution pH is reduced by the introduction of a magnetic field, and that this change in pH directly affects scale growth (Parsons et al.,1997).
However, in 1996 a trial of scale prevention techniques by the Lawrence Livermore National Laboratories in the United States, the performance of a magnetic scale prevention device was compared to that of a more conventional chemical-based polyphosphate scale inhibitor. The conventional treatment (using a chemical scale inhibitor) almost completely eliminated scale formation whereas the magnetic scale prevention device did not prevent scale formation, and actually increased it slightly (Krauter et al. 1996). Another controlled trial evaluating three different magnetic water treatment products were run with much input from the manufacturers at the experimental design stage. The trials were run to examine scale formation and corrosion in simulated hot water heaters. The trial was monitored very closely over 60 days using magnetically treated and untreated water. The findings of the trial did not indicate any clear advantage over the untreated tap water in terms of either scale formation or copper corrosion by using any of the magnetically treated water (Smothers et al. 2001).
Chapter 4: Methodology
Summary of method
An advanced electromagnetic coil was used to apply a constant magnetic field of 1040 Gauss on a fixed amount of CaSO4 aqueous solution samples at different concentrations of CaSO4. The exposure time to the magnetic field was constant for all samples tested. Samples were then filtered by RO membrane and directly sent to measure their electrical conductivity values.
4.1. Materials and equipments List                                
                      Equipments                                                      Materials

- An electromagnetic coil device (appendix A).                  - Filter papers.
- An advanced magnetic field meter (appendix A)              - Distilled water.
-An electrical conductivity meter (appendix B).                   - Dehydrate CaSO4 .
- An RO filter (appendix C).                                             - Distilled water.
- A timer.                                                                         - Beakers
                                                                                       - Conical and volumetric flasks.
                                                                                       - A washing bottle.
4.2. Preparation of samples
· The samples were prepared in the lab based on 1000 mL distilled water solvent to get 3 different concentrations of dehydrate CaSO4 (CaSO4.2H2O) solution which are: 0.0075 M, 0.015M and 0.03 M.

· An amount of 1.29 g of CaSO4.2H2O powder  (MW= 172.17 g/mol) was added to the 1000 mL solvent to prepare the 0.0075 M diluted concentration, while 2.85 g were used to get the 0.015 M one, and the third over saturated concentration of 0.03 M was made by adding 5.16 g CaSO4 to the solvent.
· It is very important to add CaSO4.2H2O powder and distilled water in a gradual and consequent rate when preparing solutions to prevent powder aggregation and precipitation.
4.3. Testing procedure
1) Testing and filtering without applying magnetic field   
a) The electrical conductivity meter was first calibrated using a specific standard solution of NaCl. 

b) An initial 500 mL sample of distilled water (solvent) was conducted to the conductivity meter to measure it electrical conductivity (k).
c) The 500mL sample was then filtered by RO filter in one case and by filter paper in another case.

d) The resulted permeates from the RO filter and the filter paper were carefully collected and conducted to the conductivity meter sensor to record its K values.

e) The first diluted (0.0075 M) 1000mL previously prepared solution was slightly shacked and divided in to two 500mL sample peakers where the K value for both was measured to be the initial K.
f) Each 500mL sample was then individually entered to the RO filter one time and the filter papers were used in another time, and the permeated solutions were then collected to measure its K values.

g) Coming to the second solution of (0.015 M CaSO4.2H2O); steps e-f were repeated.  

h) The third over saturated solution (0.03 M) was also tested as before referring to steps e-f.
2) Testing and filtering after applying magnetic field
a) An initial 500mL sample of distilled water (solvent) was conducted to the conductivity meter to measure its electrical conductivity (k).

b) The 500mL sample was then exposed to the magnetic field for 10 minutes and directly sent to 1) filter paper, 2) RO filter.

c) The resulted permeates from the both filter mediums were carefully collected and conducted to the conductivity meter sensor to record its K value.

d) The first diluted (0.0075 M) 1000mL previously prepared solution was slightly shacked and divided in to two 500mL sample beakers where the K value for both was measured to be the initial K.

e) Each 500mL sample was then individually exposed to the magnetic field for 10 minutes and conducted to the conductivity meter and again filtered by the two methods (RO and filter paper), the resulted filtrates were again sent to the conductivity meter where its readings were recorded along 10 minutes.
f) For the second saturated solution of (0.015 M CaSO4.2H2O); steps d- e were repeated.  

g) The tiered over saturated solution (0.03 M) was also tested as before referring to steps d-e.

Chapter 5: Results and Analysis
5.1. The effect of magnetic field on K value without filtration.
As shown in fig 5, the K value of the 0.0075 solution sample was increased when applied to a constant MF for 10 minuets. After that MF was left for awhile where K value started to decrease till around the second minute then got constant after that.
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Figure 5: the effect of applying of a constant MF for 10 minuets on deluted concentration of 0.0075 M CaSO4.2H2O in water.
Figure 6 shows how K  increases when applying MF when applied to a constant MF for 10 minuets. After that MF was left for awhile where K value started to decrease till around the second minute then got constant after that. 
[image: image7.png]K{ps)

2200
2150
2100
2050
2000
1950
1900
1850

Effect of MF C=0.015 M

Ko

=K after applying MF

5 10 15

Time (min)





Figure 6: the effect of applying a constant MF for 10 minuets on moderte concentration of 0.015 M CaSO4.2H2O in water.
Figure 7 shows a reverse effect of MF on the highest concentration of 0.03 M CaSO4.2H2O in water that K was decreased when exposed to the constant MF for 10 minuets. When left alone started to increase until the second minuet and stayed constant after that.
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Figure 7: the effect of applying a constant MF for 10 minutes on high concentration of 0.03 M CaSO4.2H2O in water.

5.2. Using filter paper with magnetic field.
Figure 8 expresses the relationship between K and time to show how K varies with time for the initial solution of 0.03 M, the magnetized and filtered solution, and the simply filtered solution by bassing thrwo a filter paper without adding MF 
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Figure 8:  the relationship between K and time for the highest 0.03 M concentration of CaSO4.2H2O in water befor and after filtration by filter paper.
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Figure 9:  the relationship between K and time for different concentrations of CaSO4.2H2O in water after applying MF folwoed by filtration using filter paper referenced by distelled water.
5.3. Using RO filter with magnetic field.
Figure 10 shows the relationship between K and time to show how K varies with time for the initial solution of 0.0075 M, the magnetized and filtered (RO) solution, and the simply filtered solution by bassing it thrwo an RO filter without adding MF. 
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Figure 10:  the relationship between K and time for the lowest 0.0075 M concentration of CaSO4.2H2O in water befor and after filtration by using RO filter.
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Figure 11: the relationship between K and time for the moderate  0.015 M concentration of CaSO4.2H2O in water befor and after filtration by using RO filter.
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Figure 12 : the relationship between K and time for the highest 0.03 M concentration of CaSO4.2H2O in water befor and after filtration by using RO filter.
This figure shows the variation of K values for different concentrations after applying constant MF for 10 minuets followed by RO filtration then let to stay insolated from MF for another 10 minues.
[image: image14.png]K{ps)

500
450
400
350
300
250
200
150
100

50

Mf enhanced filtration (RO)

——(C=0.0075M

C=0.015M

—C=.03M

Destilled water

Time (min)





Figure 13: the relationship between K and time for different concentrations of CaSO4.2H2O in water after applying MF folwoed by filtration using RO filter referenced by distelled water.
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Figure 14: the relationship between time of exposure to MF and temperature
Chapter 6: Discussion

The project overview is shown in Figure 11. It can be divided into 4 levels of work, each of them is going to be described and discussed individually.
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Figure15: The project overview.
6.1. Level 1: samples preparation
Three different concentrations of CaSO4.2H2O aqueous solutions had been prepared to be tested; the first one is diluted (0.0075M), the second is moderate (0.015 M) and the third was relatively high concentration (0.03 M). an individual distilled water (solving medium) sample was also tested to ensure that it didn’t affect the dissociation and magnetization of different aqueous solution studied.

Each sample testing was repeated 3 times to eliminate any possible personal error during the preparation level, and the samples were prepared 30-45 minutes before being tested or filtered to get a stable solution as much as possible.
6.2. Level 2: conductivity testing
After 30-45 minutes from preparation, the samples were taken to measure their electrical conductivity values which were considered to be the initial conductivity values.
Figures 5 and 9 show a clear comparison between different concentrations with respect to their K values even after treatment (applying MF and filtration).
6.3. Level 3: applying MF and/ or filtration
Part 1: applying MF on different concentration samples without filtration.
Figures 1, 2 and 3 show the behavior and the response of three concentrations (0.0075 M, 0.015 M and 0.03 M) respectively. Applying MF on the lowest concentration solution for 10 minutes increases its K value by around 80 µS which is considered small change, while the increase of K value when applying MF on the moderate concentration was around 110 µS that is slightly larger  than the first one. This can be explained by noting that at moderate concentrations an earlier stage of crystal growth is starting to appear and exposing it to MF will destroy it to give free ions in water. Another issue is the number of dissolved ions in the moderate concentration which is double the diluted one and so, the application of MF to ions provides them an additional energy to move and increase their solubility in water which causes the increase of K value, but because the number of diluted solution ions is limited the effect of MF on it is also limited, while doubling the number of ions will cause them to absorb more and more energy and improve their free motion within the solution.
Concerning the third high concentration (0.03 M) the situation is completely different because the solution at this concentration is over saturated and ions in the solution are crowded. Later stage of crystal growth is going to appear and applying MF to them will not brake that secondary layer but shrinking it and remove water from them making them more solid and impact crystals which will increase their precipitation and thus we will see a decrease in K value when applying MF.   
Part 2: Using filter paper with magnetic field.

As shown in figures 4 which is for the moderate concentration (0.015 M) applying magnetic field increases the K value as we said in part one, but it is also seen that the filtration using simple filter paper has no effect. This is due to the large paper filter pore size. 
Figure 5 indicates that as concentration is increased the K value will increase. It should be mentioned that when filter paper experiments were done, the conductivity testing device wasn’t in the same lab of MF equipment and so, 2 minutes was lost before measuring K after MF and another minuet was lost in filtration process because it was very slow.
Part 3: Using RO filter with magnetic field.
This section analyses the results of the experiment related to the RO filter. The experiment went as expected with respect to the first diluted 0.0075 M solutions and the second moderate one 0.015 M, that Ko for the diluted was lower than that moderate one and when applying MF on these two solutions. K values were raised to significant levels due to the magnetic effect on the stage of the nucleation or the earlier stage of the crystal growth which is mainly appeared in lower concentrations solutions that magnetization is mainly the addition of energy to aqueous solution molecules. This causes the breaking the primarily formed layer of CaSO4 molecules in water. This breaking is capable to improve the free motion of dissociated ions of Ca+2 and SO4-2 which results in increasing the solution’s K value. 
However, in the case of the higher 0.03 M solution, K was un expectedly decreased after exposure to the MF unlike the previous lower concentrations, this can be explained by indicating the effect of MF in the Ostwald ripening stage of the growth nucleus or the later stage of the crystal growth which is appeared in case of much higher ion concentrations, which enhance and strength that crystal growth and fasten the formation of precipitates or in other words decreasing the solubility of CaSO4.2H2O which leads to decrees the K value to be lower than that initial one before applying MF.  
If comparing filtration results, we can see that filtration of the same solution concentration giving deferent K values when doing it with and without pre-exposing to a constant MF( ) for 10 minutes, but these differences are not clearly seen for diluted concentration of 0.0075 M due to the limited effect of MF on small number of ions dispersed through the solution, but the deference is slightly clearer and somehow visible when talking about the moderate concentration of 0.015 M, that because of the larger number of ions and molecules within the solution, and so the wider effect of MF on them. The most clear and significant deference is seen with the highest concentration of 0.03 M as a result of improved precipitation effect of MF, that makes the RO filter catch them more effectively compared with the previous two cases. 
Level 4: conductivity testing after treatment (MF and/ or filtration)
After solution treatment, the samples were always returned to the electrical conductivity tester to see the effect of treatment process. The conductivity sensor was stayed for 10 minute to see the trend of the solution after losing magnetic effect, but it is seen from figures 1,2,3,6.7 and 8 that K has never returned to its initial K value which means that there is some stored energy through the solution ions and particles that is unable to be released even after removing MF, that is called a permanent effect of MF. This is sure for at least 10 minutes which was the period of time through which K values we recorded.

All samples K values stayed constant after the 2nd minute and remained constant for the rest of the 10 minuets observation time. This actually fits with a previous results which indicated that the effect (temporary effect)  of MF stays for 75- 100 seconds.   
Chapter 7: Conclusions and Recommendations
Our research indicated that the magnetic field affects the conductivity of the prepared dehydrate calcium sulfate salt solutions.  That impact depends on the concentration of the solution prepared.
The magnetic field impact on the prepared solutions was permanent for the entire 10 minute testing period.

The RO filtration of the prepared salt solution was enhanced when the solution was exposed to the magnetic field before filtration.
Further research is required to examine parameters that impact the effectiveness of the magnetic field.
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Appendices

Appendix A:
Magnetic field:
A magnetic field is a mathematical description of the magnetic influence of electric currents and magnetic materials. The magnetic field at any given point is specified by both a direction and a magnitude (or strength); as such it is a vector field. The term is used for two distinct but closely related fields denoted by the symbols B and H, which are measured in units of tesla and amp perimeter respectively in the SI. B is most commonly defined in terms of the Lorentz force it exerts on moving electric charges.

Magnetic fields are produced by moving electric charges and the intrinsic magnetic moments of elementary particles associated with a fundamental quantum property, their spin. In special relativity, electric and magnetic fields are two interrelated aspects of a single object, called the electromagnetic tensor; the split of this tensor into electric and magnetic fields depends on the relative velocity of the observer and charge. In quantum physics, the electromagnetic field is quantized and electromagnetic interactions result from the exchange of photons.

In everyday life, magnetic fields are most often encountered as an invisible force created by permanent magnets which pull on ferromagnetic materials such as iron, cobalt or nickel and attract or repel other magnets. Magnetic fields are very widely used throughout modern technology, particularly in electrical engineering and electro mechanics. The Earth produces its own magnetic field, which is important in navigation. Rotating magnetic fields are used in both electric motors and generators. Magnetic forces give information about the charge carriers in a material through the Hall effect. The interaction of magnetic fields in electric devices such as transformers is studied in the discipline of magnetic circuits.[1]
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Figure A, 1: magnetic field through an electrical coil

Factors affect the strength of electromagnetic field:

There are several factors which affect the strength of an electromagnet. Some   common factors are-1. The wire used- High resistance wire will cause less current to flow and hence a weak field will be obtained.2. The core- The most important part is the core. An air core magnet will have less field strength than an iron core .A core made of iron strips rather than an iron block will have greater field strength.3. Eddy currents- These are a major reason for loss in effectiveness of an electromagnets. Making a core from strips rather than use a solid block reduces these currents and increases field strength .Finally there are many other factors like wire gauge used and the material and cooling etc. 

Electromagnetic field device used in the project:
The electromagnetic field device composed of more than one component as the following :
1-An ammeter is a measuring instrument used to measure the electric current in a circuit. Electric currents are measured in amperes (A), hence the name. Instruments used to measure smaller currents, in the milliampere or microampere range, are designated asmilliammeters or microammeters.  
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Figure A, 2: Ammeter used in the project at a maximum intensity of 10 amperes

2-An electrical coil : that's usually affect the strength of maenetic field , the length of wire or the material of construction .
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Figure A,3: An electrical solenoid coil used to generate a magnetic field
3-power supply
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Figure A,4: power supply with different voltages .

Appendix B:
Conductivity meter:
An electrical conductivity meter (EC meter) measures the electrical conductivity in a solution. It is commonly used in hydroponics, aquaculture and freshwater systems to monitor the amount of nutrients, salts or impurities in the water.
The common laboratory conductivity meters employ a potentiometric method and four electrodes. Often, the electrodes are cylindrical and arranged concentrically the electrodes are usually made of platinum metal. An alternating current is applied to the outer pair of the electrodes. The potential between the inner pair is measured Conductivity could in principle be determined using the distance between the electrodes and their surface area using the Ohm's law but generally, for accuracy, a calibration is employed using electrolytes of well-known conductivity.

Factors affecting the EC value

 The actual conductivity value of a water based solution containing a single salt is determined by the concentration of that salt, the solution temperature and the type of salt.

i. Concentration effect

With relatively dilute solutions of soluble salts (i.e. up to 100ppm or so), if the concentration is doubled, its conductivity also doubles. At higher salt concentrations however, this strict proportionality (i.e. linearity) deteriorates. For example, Table 18.20 demonstrates that there is a better linear relationship between concentration and conductivity from 1 to 2 g/L compared to 10 and 20 g/L.

A consequence of this linearity feature is that simple arithmetic can be used to calculate the approximate conductivities which would result from soluble mixtures between solutions of known conductivity. For example:

a) If a 2.0 mS/cm water is diluted with an equal amount of 'distilled' water (zero mS/cm), the result would be approximately 1.0 mS/cm.

b) If 100ml of a 4.8 mS/cm nutrient solution is diluted with 900ml of 0.40 mS/cm water (i.e. 1 + 9), the expected result would be about 0.84 mS/cm (i.e. 100 x 4.8 ÷ 1,000 + 900 x 0.4 ÷ 1,000).

ii. Temperature effect

The temperature of the solution causes the conductivity value to rise by about 2% (compounded) for each 1OC / 1.8OF increase in temperature. However, the software of most conductivity meters automatically apply a correction factor to compensate for solutions not at 25OC / 77OF. Hence the displayed value is what the conductivity would be if the solution temperature was at 25OC / 77OF.

iii. Effect of salt type

The conductivity or mobility of different salts varies widely and is determined by factors such as the 'size' of the ions, the number of ions and the 'charge density' on these particles in solution. For example, the conductivities at 25OC (77OF) of 500ppm water based solutions of sodium chloride, potassium chloride and potassium phosphate are 1.02 mS/cm, 0.95 mS/cm and 0.40 mS/cm respectively (Chart 18.30). Note that the 500ppm solution of potassium chloride has about 30% fewer ions to carry the current than a 500ppm solution of sodium chloride – due to the fact that the combined mass of potassium and chloride is 30% heavier than sodium chloride. Similarly, a 500ppm solution of potassium phosphate has only 40% of the number of ions than in the sodium chloride solution.

The impact of salt ‘type’ upon the EC value is further emphasized when the EC of typical ‘natural’ waters (i.e. uncontaminated water) is compared with that of an inorganic nutrient solution of equal concentration. For example, an uncontaminated bore water containing 1,000ppm of salt will typically yield an EC of ~1.8mS/cm. However, an inorganic nutrient solution of the same EC will in fact contain ~1,600ppm of salts. The reason for this is inorganic nutrient mixtures have much higher concentrations of the heavier substances like potassium and phosphate compared to natural water and therefore have fewer ions to carry the electric current. Bore waters however, typically contain numerically more ions of lighter salts like sodium and chloride. Thus, the electrical mobility of these individual ions in water are not that different. Rather, it is the total number of ions present that determines the conductivity.

Hence, when following EC recommendations in hydroponics, consider the composition of all additives. Flowering additives that contain a large proportion of phosphate yield a relatively low

conductivity. Consequently, their addition to the nutrient solution will produce a smaller increase in conductivity than a normal inorganic nutrient mixture. Also, note that additives that claim to be 100% organic should contain no salts, and their addition would therefore produce no increase in conductivity when added to a nutrient solution.

Industrial conductivity probes often employ an inductive method, which has the advantage that the fluid does not wet the electrical parts of the sensor. Here, two inductively-coupled coils are used. One is the driving coil producing a magnetic field and it is supplied with accurately-known voltage. The other forms a secondary coil of a transformer. The liquid passing through a channel in the sensor forms one turn in the secondary winding of the transformer. The induced current is the output of the sensor.
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Figure  B,1: conductivity meter used for measuring the electrical conductivity for different samples. 
The device specifications:
Jenway 4510 conductivity meter produced by Jenway company and used for different applications at a lab scale, specifications are mentioned in table below .
Table(1): specifications of the conductivity meter for the Jenway 4510 model [1] 
	Parameter
	4510

	Conductivity range
	6 auto–selected from 0 to 1999mS*

	Conductivity resolution
	0.01µS to 1mS

	Conductivity accuracy
	±0.5% ±2 digits

	Automatic standard recognition
	10µS, 84µS, 1413µS, 12.88mS

	Cell constant
	0.010 to 19.999

	TDS range
	6 auto-selected from 0 –1999g/l*

	TDS resolution
	0.01mg/l to 1g/l

	TDS accuracy
	±0.5% ±2 digits

	EC Ratio
	0.50 to 0.80

	Temperature range
	–10 to 105°C

	Temperature resolution
	0.1°C

	Temperature accuracy
	±0.5°C

	ATC and manual
	0 to 100°C

	Temperature coefficient
	0.00% to 4.00%/°C

	Reference temperature
	18, 20 or 25°C

	GLP
	NA

	Outputs
	Analogue and RS232

	Connector
	7-pin DIN

	Power
	9V AC ±10% @ 50/60Hz

	Size (l x w x d)
	210 x 250 x 55mm

	Weight
	850g


Appendix C: 
Reverse osmosis (RO):
 Osmosis  is a natural phenomenon in which a solvent (usually water) passes through a semipermeable  barrier from the side with lower solute concentration to the higher solute concentration side To  reverse  the  flow  of  water  (solvent),  a  pressure  difference  greater  than  the osmotic  pressure  difference  is  applied;  as  a  result,  separation  of  water  from the  solution  occurs  as  pure  water  flows  from  the  high  concentration  side  to the low concentration  side. This phenomenon is termed (Reverse Osmosis).
Reverse osmosis  membrane is  semi-permeable  with  thin  layer  of annealed  material  supported  on  a  more  porous  sub-structure.  The thin  skin  is  about  0.25  micron  thick  and  has  pore  size  in  the  5  –  10  Angstrom  range.  allowing selective  passage  of  a  particular  species (solvent,  usually  water)  while  partially  or  completely  retaining other species (solutes). [1]
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Figure C, 1: Types of RO membranes.
Types of (RO) membranes: [2]
Cellulose membrane: Cellulose acetate membrane filters are extremely low binding filter with pore sizes ranging from 0.2 to 5 microns.  Because of their unique strength and extremely low binding characteristics, Sterlitech cellulose acetate filters are ideal for protein and enzyme filtrations, tissue culture media sterilization, cold sterilization, biological fluid filtration and other filtration applications where maximum recovery of proteins is critical.
Polyamide hydrocarbon membrane: Polyamide membranes have an excellent chemical stability compared to cellulose membranes but they are susceptible to chlorine attack , recommended temperature and pH for polyamide membranes are 0c-30c and 4-11 respectively .
Sulfonated polysulfone membrane: Sulfonated polysulfone (SPS) membranes were developed which satisfied the stability, resistivity, selectivity and low cost requirements of a flow battery. The chemical stability of SPS membranes was markedly superior to that of commercially available membranes made by grafting of hydrocarbon substrates. 
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Figure C, 2: single module reverse osmosis [3]
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Figure C, 3: Reverse osmosis elements [4]
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Figure C, 4: RO membrane system used in this project

Appendix D:

Dehydrated CaSO4 
[image: image26.png]CAS No.

10101-41-4

Chemical Name

Caleium sulfate, dihydrate
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Calcium sulfate, dihydrate is produced in two companies as a waste-solid in the phosphatic fertilizer industry in Korea and this chemical is used as a primary material in gypsum industry, in which residues of calcium sulfate dihydrate are recycled. Calcium sulfate, dihydrate is used in portland-cement retarders, tiles, polishing powders paints, paper, dyes, metallurgy, wallboard, food additives and desiccants.
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Calcium sulfate, dihydrate consists of colorless, monoclinic and hygroscopic crystals (2). Calcium sulfate exists in three different forms which are calcium sulfate (CaSO4), calcium sulfate dehydrate CaSO4 • 2H2O) and calcium sulfate hemihydrate (CaSO4 •1/2H2O). Calcium sulfate (anhydrite) is the commonest form of the natural sulfates and gypsum, CaSO4 • 2H2O and contains 27 % of water When calcined, gypsum loses 75% of its combined water and becomes the hemihydrate, CaSO4 1/2H2O (4).
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