A Magnetic-Device Test of Scale Control in Tap-Water Heating
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Abstract: A magnetic device built with alternately arranged permanent magnets was tested for scale-control in tap water. Its efficiency was evaluated by measuring the amounts of scale precipitated in boilers and pipes during three–weeks run of two parallel experimental lines – one with and another without magnetic treatment. In the case with magnetic treatment, linings scaled in much smaller amounts than in the case without the treatment. This may be explained by forming fine, non-adhesive scale particles which arise in the whole volume of water during the magnetic treatment and remain in suspended form during the processing of water through the pipeline.
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1   Introduction

The build up of scale deposits is a common and costly problem in many industrial processes using natural water supplies. In most scales, calcium carbonate is a dominating component, because natural waters are rich with Ca2+ ions and carbonic species (CO2, 
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) and usually have pH values less than 9 [1]. In this range, the super-saturation to CaCO3 may occur by different causes [2].

Calcium carbonate is only slightly soluble in pure water, but more soluble when carbon dioxide is present in water:
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As the solubility of CO2 gas decreases with increasing temperature or decreasing pressure, the solution tends to restore the equilibrium (1) by shift toward CaCO3 precipitation.

Simultaneously, the equilibrium (1) depends on pH. A small part of dissolved CO2 forms carbonic acid, which weakly dissociates in two steps (Eq.2 and Eq.3) and determines pH.
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When dissociated hydrogen ions are neutralized by an addition of OH- ions (Eq.4), the solution tends to restore the equilibrium (Eq.2 and Eq.3) with higher concentrations of 
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 ions. As the solubility of CaCO3 directly depends on 
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 concentration (Eq.5), pH rise causes the precipitation.
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Some water supplies are already super-saturated when entering the pipeline systems, others may get super-saturated during processing them through the systems. The resulting precipitation leads to numerous technical and economical problems in industrial plants and domestic equipment by blocking the flow of water in pipes and limiting heat transfer in heat exchangers.

Therefore, different traditional chemical methods are used for the scale prevention: either the pre-precipitation of the scale former with lime or soda ash, the addition of scale inhibiting reagents, or the replacement of the scale former with soluble ions by ion exchange. These methods are effective, but they can be prohibitively expensive and substantially change the water chemistry, and therefore, have to be avoided for drinking water distribution.

2 Magnetic water treatment – an alternative scale-control method

Environmental and economical considerations are strong motivations for developing methods which would prevent hard scales just by modifying the way of the precipitation. One such method is magnetic water treatment (MWT). Devices for MWT may be constructed with electromagnets – recommended especially for high water flow capacities in industrial plants, or with permanent magnets for lower flow capacities. Magnetic fields in these devices are either static or dynamic and are relatively weak (from 0.05 to 1 Vs/m2). Although the velocity of water flow through a magnetic field is recommended to be from 0.5 to 2 m/s, some interesting results were also found at hydrostatic exposion of laboratory prepared solution and dispersion to a static magnetic field [3,4]. Exposition times, recommended for the effective treatment, in the cases of pulsating magnetic fields or flows of water through the gap between alternating magnets are of order 10-1s [5], but in the cases of stationary exposition to the static magnetic field they should be much higher [3].
The influence of weak magnetic fields on the crystallization and colloidal stability in aqueous systems, which in majority contain non-ferromagnetic compounds, has been investigated by many authors, for the last few decades. For now, it has been accepted that the mechanism, which is far away from magnetic force action among the colloidal particles, is complex and depends on water composition and working conditions. Hypothetically, it comprises at least two types of interacting effects:

- magnetically modified hydration of ions and surfaces of dispersed particles [3-6], and

-  Lorentz force effects [7-12].

Modified hydration may last several days [3] and Lorentz-force modification of the electric double layer on solid surfaces is estimated to last a few hours after the treatment [9]. Both modifications may affect the crystallization and coagulation processes during and after MWT.

Practical use of MWT devices has shown that the scaling still occurs, but scales are less compact and easier to remove. Although some contradicting results were reported, it seems that the nature of the precipitation from magnetically treated water may be explained by a modification of crystal seeds [13].

Gabrielli et al. have electrochemically confirmed that the precipitation of CaCO3 was occurring in whole volume in the case of pure and salted solution. Tested solutions were circulated along permanent magnets. Magnetic field yield by alternately arranged magnets was more effective than homogenous magnetic field. Furthermore, the effectiveness was higher with increasing the flow velocity up to 1.8 m/s and the number of circulations through the magnetic field [14].
3   Experiment

A magnetic device EKO-MIDI [15], built with alternately arranged permanent magnets (Fig. 1), was tested for scale control in tap water. These magnets yield a magnetic field with two maximum densities of 0.7 and one of 0.9 Vs/m2, and with magnetic lines perpendicular to the water flow direction. Equipment for the test is presented in figure 2.
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Fig. 1: The arrangement of permanent magnets in EKO-MIDI device
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Fig. 2: Equipment for testing a magnetic device for scale control in tap water

Two experimental lines were installed to compare the amounts of the scale precipitated in two identical boilers and pipes from magnetically treated (line 2) and untreated water (line 1). Both lines were supplied with tap water at adjusted input (with pressure regulator 5). Water was processed semi-continuously for three weeks. Output from both lines having been adjusted to 200 ml/min (with valves 4). In line 2, water was circulated through the magnetic device to intensify its effectiveness and to fulfill the effectiveness condition of water velocity in MWT device to be in range from 0.5 up to 2 m/s. This was adjusted by pump 6. Water was heated from 16(C to approximately 70(C. Some parts of the equipment in which an abundant precipitation was expected, such as heating copper-pipe spirals (1h and 2h), outlet copper pipes inside the boilers (1c and 2c), T-elements (1t, 2t) and pipes 1s and 2s, made from zinc-coated steel, were weighted before and after the experiment.

Tap water had a total hardness of 14 German degrees, pH of 7.5, electrical conductivity of 485 µS/cm, turbidity of 0.35 NTU and concentrations given in table 1.

Table 1: The composition of tap water in our test
	cations
	c (mmol/l)
	
	anions
	c (mmol/l)

	Ca2+
	1.80
	
	Cl-
	0.61

	Mg2+
	0.71
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	0.34

	Na+
	0.04
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	0.10

	K+
	0.02
	
	free CO2
	0.45


From the composition it was evaluated that water was super-saturated for CaCO3 even at room temperature, therefore, the scale precipitation was expected at least in the boilers.

4   Results

Photographs of scales are presented in figure 3.

In line 1 (without the treatment), scale on the heating spiral 1h was around 2 mm thick. On the bottom of boiler 1, there was sediment consisting of well-formed crystals, and scale husks, which had fallen of the heating spiral. The pipe inside the boiler 1c was full of porous scale. Scales in the pipe 1s right after the valve and in 1t-element were abundant and compact.

In line 2 (with MWT), lining on heating spiral 2h was of about the same thickness as on spiral 1h, but the amount of sediment on the bottom was much smaller - for about 70%, and consisted only of husks. This shows a reduction in the precipitation directly on heating surfaces.

The scale inside the copper pipe 2c was very similar to the scale inside the pipe 1c, showing that MWT wasn’t effective on the inner wall of copper pipe at the high temperature condition.

The major difference was inside the steel pipe 2s and in 2t-element, where only a small amount of powder-like coating was found.
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Fig. 3: Photographs of scales:

 a,b – sediments in the boilers,

 c,d – T-elements and

 e,f – Zn-coated steel pipes

5   Conclusion

EKO-MIDI device – a simple but effective device - was tested by an examination of scales being precipitated on heating copper surface and from hot water in critical parts of Zn-coated steel pipeline. The scale precipitation from magnetically treated water occurred in smaller amounts of linings.

The nature of scaling in our experiment may be a result of magnetically raised precipitation in the form of fine, non-adhesive particles throughout the whole volume of the liquid, which remained small and in suspended form during the processing of water, and were simply carried away by water flow. This is consistent with the report [14].
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