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Magnetic Photo Catalytic Reactor (MPC Reactor)

Figure 1 demonstrates a three-dimensional view of the MPC reactor apparatus that was 

designed to oxidize ammonia to nitrate with the capacity of about 3 L. The reactor was 

consisted of a UV lamp {250W, wavelength range of 280–400 nm and the maximum 

emission (350mW/cm2) at 360 nm (measured by a TOPCON UV-R-1 spectroradimeter), 

placed vertically in center of the reactor. It is noticeable that the walls of the reactor were 

mirrors to reflex the light throughout the reactor. Thirty six 2.5×1×0.5 cm3 neodymium block 

magnets (Table 1) were attached to the walls of the reactor to avoid the dispersion of catalyst 

{Fe3O4@SiO2@TiO2} throughout the solution and to keep it on their surfaces. An air-pump 

was applied to provide air to the reactor with a constant flow-rate of 3.5 L.min-1.

Table 1. Properties of neodymium block magnets

bHc jHc (BH)maxTesla

KA/m KOe KA/m KOe Kj/m3 MGOe

mw/Cm3

≥ 1.18 ≥ 780 ≥ 10.9 ≥ 960 ≥ 12 ≥ 264 ≥ 33 ≥ 7.40

Figure 1. Three-dimensional view of the MPC reactor: 1. Wall of the reactor (mirror); 2. Air pipe attach to an 

air pomp; 3.UV lamp; 4. Neodymium block magnets.
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Micro Aquaponic System (MAS)

As it is shown in figure 2, the system was mainly consisted of three parts: (a) fish tank (about 

90 L), containing fish (Fish species were tilapia {Oreochromis niloticus}) that were fed three 

times per day according to the literature [1]. (b) The MPC reactor (figure 1) that explained in 

previous section; (c) the plant tank.

The outlet of fish tank would flow to the reactor by means of the pipe (sign of A in figure 2). 

The turbulent current in the pipe could provide the oxygen content by suction of oxygen, 

which is necessary for the AOP process and the whole system. As it is clear in figure 2, the 

outlet of fish tank is close to the water surface that this situation prevents entering the fish 

faeces and non-consumed feed to the MPC reactor and plant tank and it would reduce the 

clogging of the plant roots, which could have adverse effect on crop productivity [2]. In 

fabrication of the MAS it was found out that the inlet of the MPC reactor should be close to 

the floor (sign of B in figure 2), which leads to more appropriate results. Flowing the water 

throughout the MPC reactor, ammonia was oxidized to nitrate in front of the catalyst by UV 

irradiation (the UV-lamp was turned on 1.5 h per day); meanwhile, the AOP method that 

occur in magnetic photo-catalytic reactor could help to degrade and remove organic 

pollutants from the water [3]. UV irradiation is a common way to sterilize the aquaponic 

systems; however its adverse impact is that the irradiation is not selective and damages all 

bacteria include the beneficial ones (NBs) [4] and this point can be counted as a negative 

effect on useful bacteria in nitrification step [5]. Since in the present work, no bacteria were 

utilized for the nitrification step, it did not influence the process. The outlet of the reactor 

flew to filtering section that was filled with seraTM filter wool and after the filtrations; water 

was transferred to the plant tank. In this tank, generated nitrate was consumed as a nutrient, 

which would decrease nitrate concentration. In continues, refined water of the plant tank fell 
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down in next part (section of 11), then the solution was pumped to the fish tank and this cycle 

was repeated continuously. The flow-rate of water circulated continuously throughout the 

system was 2 m3h-1.

Figure 2. The micro aquaponic system: 1.Thermometer; 2.Pipe; 3. UV lamp; 4. Neodymium block magnet; 5. 

Mirror; 6. Filtering section; 7. Lamp; 8. Plant; 9. Tank coating of plant breeding; 10. Water pump; 11. Storage 

reservoir for balance; 12. Tap.
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Testing of magnetic photo-catalytic reactor before using of it in the structure 

of MAS by nitrate concentration measurement

Nitrate concentration measurements were conducted by UV absorption spectrophotometry 

according to the standard method procedure [6]. Investigations were pursued at 220 nm as the 

appropriate wavelength. In the case of AOP method and testing the designed reactor, first, 3 g 

of the catalyst was absorbed uniformly on the surface of magnets (catalyst loading studies 

were also conducted and 3g was best amount). Then, 2.8 L deionized water containing 8 ppm 

of the ammonia was added (it should be mentioned that tolerance limit of ammonia for fish 

(tilapia) is less than 1 ppm [2]). In continues, the UV lamp was switched on to initiate the 

process at ambient temperature. It should be mentioned that during the AOP method a mild 

aeration was kept for saturation of water with oxygen. Samples were taken at regular time 

intervals (15 min) and nitrate generation was investigated using a UV–Vis 

spectrophotometer.

Obtained results showed that the MPC reactor has the ability to oxidize ammonia to nitrate. 

As it is presented in figure 3, the concentration of nitrate has an intense increasing trend up to 

15 min of the process and after that shows a mild increasing trend. The intense increasing 

trend is due to the high ammonia concentration at the beginning and during the photo-

catalytic process it could be oxidized to nitrate rapidly. However, after a while (15 min), the 

ammonia concentration in the solution decreased, thus, the nitrate concentration increased 

mildly with respect to the low concentration of the remained ammonia in the solution. Yield 

of process was 70%.
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Figure 3. Diagram of the nitrate generation in MPC reactor

Nitrate Concentration Measurement in the MAS

Nitrate concentration measurements were investigated by a selective and reagentless 

electrode system according to previous report [7]. Figure 4 shows linear sweep 

voltammograms for different concentrations of nitrate ion in the range of 0 to 100 ppm on the 

surface of cupper modified electrode. Peak A1 is related to reduction of nitrate ion [7]. On the 

base of showed calibration curve (figure 4), nitrate ion concentration was determined in the 

MAS in period of 30 days.

Figure 4. Linear sweep voltammograms for various concentration of nitrate ion on the surface of cupper 

modified electrode in solution containing 0.1 M Na2SO4 (pH = 3.0, HCl). Nitrate concentration from a to f are 0, 

10, 25, 50, 75 and 100 ppm respectively. Scan rate 100 mVs-1.
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Table 2 shows the variation of nitrate concentration within 30 days at intervals of three days. 

The general range of nitrate concentration in the MAS has been taken between 130– 167 

ppm. As it can be observed from table 2, the nitrate concentration in the MAS is 

approximately balanced over time. Interestingly, in several formulations of nutrient solutions 

(such as; Hoagland solution, Hewitt solution, Cooper solution and Steiner solution) for 

hydroponic systems, range of amount of nitrate ion was 168 – 210 ppm [8] and amounts of 

nitrate in designed system was in appropriate level for growth of plants according to standard 

hydroponic environments.

Table 2. Nitrate concentrations in the MAS

Day 3 Day 6 Day 9 Day 12 Day 15 Day 18 Day 21 Day 24 Day 27 Day 30

ppm 145 150 140 129 140 140 135 166 156 156

Leaf Area Index

The leaf area growth is depicted in figure 5. The Image J 1.46r software was utilized to 

analyze the images of leaf area. Figure 5 demonstrates the average growth of the leaf area of 

the plant in two conditions. As it is observable, the leaf area has increased normally within 32 

days in comparison with growth trend in Hoagland solution.

Figure 5. Growth trend of leaf size over time in the MAS.
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Surface tension

Figure 6 shows the variation of surface tension with temperature for magnetic and non-

magnetic water. As it can be seen, samples containing magnetic water have higher surface 

tension in different temperatures rather than the non-magnetic water. It is due to the fact that 

magnetic field stabilize the hydrogen bonds of water molecules. Of course, there is some 

conflict over the effects of magnetic fields on surface tension. Cho and his co-worker 

reported that magnetic field reduces the surface tension of natural water about 8% [9] and it 

has been reported elsewhere that surface tension of water is increased in the presence of a 

high magnetic field [10]. However, it should be mentioned that surface tension measurements 

are too sensitive to the media condition, especially to the impurities [11]. The increase in the 

surface tension at the MAS led to the decrease of the water evaporation, which was 

advantageous with respect to the water resources.

Figure 6. Variation of surface tension versus temperature for magnetic and non-magnetic water at pH ≈ 7.
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Viscosity

Figure 7 compares the viscosity of magnetic water and non-magnetic water in different 

temperatures. It can be observed that the sample with magnetic property is more viscous 

rather than the sample that was measured 72 h later and has lost its magnetic property. The 

result is in agreement with the previous reports [12].

Figure 7. Variation of viscosity versus temperature for magnetic and non-magnetic waterat pH ≈ 7.

Conductivity measurement

The conductivity of a solution depends on the total concentration of the dissolved ions [13]. 

Figure 8a, b and c shows the variation of conductivity before and after the photo-catalytic 

process within 30 days. As it is observable, the conductivity was always increased when the 

UV lamp was switched on and the oxidation process was conducted. It can be explained by 

the fact that when the UV lamp was switched on, oxidation process that resulted to ion 

generation was started and the higher conductivity achieved. Reduction of conductivity in the 

next day is related to consumption of ions by plants. 
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Figure 8. Variation of conductivity before and after the photo-catalytic process at pH ≈ 7 and ambient 

temperature.

a)

b)

c)
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Dissolved oxygen

The dissolved oxygen content was measured for the magnetic water and non-magnetic water 

using Winkler method according to standard method procedure [6]. The aeration was done 

within 30 min before the measurement for the complete saturation. As it could be predicted, 

the dissolved oxygen concentration for the magnetic water (9 ppm) was more than the non-

magnetic water (7 ppm). 

pH measurement

Since ammonia is basic, an increase in the ammonia concentration would result to an increase 

in the pH value; thus, the pH value can be measured as a criterion to pursue. As it can be 

observed from figure 9, the pH value is approximately constant (pH ≈ 7). It can be attributed 

to the fact that the ammonia concentration, produced by wastes, was remained constant 

during the process; because, ammonia was oxidized to nitrate by the AOP process. 

Figur

e 9. Variation of pHvalue in the MAS.
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Materials and Some general methods

The nitrate concentration was measured by a spectrophotometer (Perkin-Elmer Lambda 45) 

within 220 nm. The pH was measured by a pH-meter (UB-10 Denver Instruments). The 

conductivity and the viscosity were measured by a Jenway 4510 Conductivity conductometer 

and an Ubblelohde viscometer, respectively. The density of samples was measured by means 

of an Anton Paar DMA 4500 oscillating U-tube densiometer (the uncertainty for density 

measurements was ±0.01 kg m ¯3) provided with automatic viscosity correction. Leaf area 

analysis was conducted with software of Java-based image processing of Image J1.46r 

developed at the National Institutes of Health.

Surface tension. The drop-volume method according toreported investigations [14] was used 

to determine the surface tension of the samples. A glass capillary with outer diameter of 4.5 

mm, small thickness, which has thinly ground tip to give an angle of 90° between the ground 

face and the internal bore at the end with the edges sharp, was used. The aqueous phase was 

kept in a narrow glass syringe that was coupled by an adjustable syringe pump (Phoenix M-

CP, French) and flowed through a rigid tube to the capillary in the air. A low flow-rate (1.0 

mL in 29 min) of the aqueous phase was conducted to the capillary, and drops were formed 

slowly at the tip of the capillary. Drop volume measurements were repeated at least six times. 

The surface tension measurements were carried out at 25.0, 40.0 and 60.0 °C with an 

uncertainty of 0.1 °C, using an adjustable safe and calibrated thermostat (OPTIMA 740, 

Japan).Samples of the aqueous phases were separated for the density measurement. The 

apparatus was calibrated once a day with dry air and deionized water. The desired 

temperature was self-adjusted in this density-meter with an uncertainty of 0.01 °C. The 

relationship of samples’surface tension with the volume of drop (v), falling off the capillary, 
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is given by Harkins and Brown [15]. The uncertainty in measurement results is estimated to 

be within ±0.1 mN m ¯1.

Viscosity. Viscosities were measured with an Ubbelohde viscometer at 25 oC, 40 oC and 60 

oC, respectively using Poiseuille’slaw Ubbelohde viscometer according to reported literature 

[16]. The experiments were repeatable to within ±2×10−3mPa s. The apparatus was calibrated 

once in a day with dry air and double distilled freshly degassed water.

Catalyst preparation {Fe3O4@SiO2@TiO2}. Fe3O4 particles and Fe3O4@SiO2 were 

prepared according to our previous reports [17] and the embedding of titania layer into the 

Fe3O4@SiO2 was conducted according to Jeon procedure [18]. Transmission electron 

microcopy (TEM) images of Fe3O4@SiO2@TiO2 nanoparticles are shown in figure 10. 

Energy dispersive x-ray (EDX) analysis of Fe3O4@SiO2@TiO2 nanoparticles showed 

expected elements such as; iron, oxygen, silicon and titanium; spectrum indicated in figure 

11. The XRD pattern of Fe3O4@SiO2@TiO2 nanoparticles were studied and exhibited peaks 

at 2θ= 25.3, 37.7, 47.9, 53.8 and 62.5 corresponding to diffraction lines (101), (004), (200), 

(105) and (204), respectively.

Figure 10.  TEM images of Fe3O4@SiO2@TiO2 nanoparticles
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Figure 10.  Energy-dispersive X-ray spectroscopy (EDX) of Fe3O4@SiO2@TiO2 nanoparticles

Figure 11. XRD pattern of Fe3O4@SiO2@TiO2 nanoparticles
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