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The interface potential of microparticles in aqueous solution is an important factor for 
scale formation in a water piping. For application to scale prevention process, the 
influence of alternating electromagnetic field on the interface potentials of CaC03 

particles in the solution was investigated. Using a suspension of CaC03 particles 
dispersed in an electrolytic solution, we measured zeta potential changes of the particles 
by imposition of weak alternating electromagnetic field at different frequency. 
Consequently, we found that the specific frequency treatment changes the interface 
potential of particles drastically with an inversion of its sign. It is considered to be due 
to the specific adsorption of anions in the solution on the particles interface by the effect 
of induced electric field. 
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I. INTRODUCTION 
In the last half century, a number of 

experiments have been conducted to study 
( e lectro) magnetic field effects on aqueous 
solutions. For example, magnetic field treatment 
of an aqueous solution was shown to suppress 
scale formation in water piping [1-5], as well as 
affect morphological changes during 
crystallization [6-12] and the solid-liquid 
interface [13 -16]. However, these experiments 
were not always reproducible and contain 
mutually conflicting results [1]. These studies 
were performed for aqueous solutions that usually 
did not contain magnetic substances. The effects 
persist even after removal of the magnetic field 
and behave as if the water has a memory of the 
magnetic field. Water is a representative 
diamagnetic material and its magnetic 
susceptibility is -9.07x I o-9m3kg- 1 (20°C) [17]. 
Therefore, the interaction between water and a 
magnetic field is so small that it can be 
disregarded. Since water does not have magnetic 
memory, such magnetic field effects have been 
considered to be mysterious phenomena. 

We reviewed past reports concerning 
magnetic field effects on aqueous solutions in 
detail. The magnetic field effects were found to 
emerge remarkably when an alternating magnetic 
field was applied to an aqueous solution 
containing ions, particles, and other impurities. A 
number of papers have reported that an 
alternating magnetic field treatment produced a 
magnetic field effect even for weak magnetic 
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field intensity not very different from 
geomagnetism (50J.1T) [5, 10, 18]. According to 
recent reports, the magnetic treatment of water 
containing particles changes the thickness of the 
adsorption layer and the interface potential at the 
solid-liquid interface [13-16]. One report 
indicated that treatment using an alternating 
magnetic field was effective [14]. Studies of the 
magnetic field effects on aqueous solutions 
include several dealing with morphological 
changes of calcium carbonate during 
crystallization [6-12]. For such studies, the 
solid-liquid interface status can be considered to 
be important. One of the major issues for studies 
on magnetic field effects is the prevention of 
scale adhesion to water pipes and scale 
exchangers [1-5]. 

In our previous studies, we have found the 
effect of a weak alternating electromagnetic field 
on the interface potential of non-magnetic 
microparticles (Ti0 2 ) in a liquid [19, 20]. That is, 
the zeta potential values obviously change to 
negative direction by imposition of several kHz 
electromagnetic fields. This effect is considered 
to be due to the specific adsorption of anions that 
were easily adsorb to solid/liquid interface. 
Therefore, we consider the effect of scale 
prevention by alternating electromagnetic 
treatment as follows: In the scale formation 
condition, a surface of scale particles in water 
solution has positive charge. A surface on inner 
wall of a water pipe has negative charge, on the 
contrary. So the particles are attracted by the 
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water pipe and attached to it. After the treatment, 
surface potential of the particles shifts to 
negative direction, then repulsive force is formed 
between the particles and the wall. 

Since main component of scale deposits is 
generally calcium carbonate, we need to measure 
the zeta potential of CaC03 particles in aqueous 
solution. However, the measurement of the zeta 
potential of CaC03 by commercially produced 
zeta potential meter is not so easy, because 
equi-sized colloidal particles are not available, 
and they easily coagulate in aqueous solution. 
Therefore we estimated the interface potential of 
CaC0 3 by the handmade simple electrophoresis 
cell. 

2. EXPERIMENT 
Using a suspension of CaC03 particles dispersed in 

an electrolytic solution, we investigated interface 
potential changes of the particles by alternating 
electromagnetic field treatment at different frequency. 
An electrolyte was added to a commercial ion-exchange 
water (measurement: about 2M Q cm). Immediately 
before each measurement, the solution was used to 
suspend CaC03 powder (0.2wt%) which was mashed 
well in a mortar. The pH of the suspension was almost 
stable at 9.7 to 9.9 for lOmM KC! and 10.2 to 10.4 for 
!OmMKF. 

40mm 

Fig. Schematic diagram of the handmade 
electrophoretic cell 

Fig. 2 Experimental procedure for observing 
electrophoresis ("FG" means a "Function generator") 

An alternating electromagnetic field was generated 
by using a "Function generator" (NF Co., Ltd., 
WF1944A) with a handmade coil ( t/J: 88mm, 1: 91mm, 

460 windings). The electromagnetic field intensity was 
about 80!-! to 150!-!T at the center of the coil. The 
experimental results in this paper are based on a 
square-wave electromagnetic field of 1 k to 1OkHz 
according to our previous experiments [19, 20]. If a 
square-wave is applied to such a coil, a waveform 
disorder tends to generate an electromagnetic field at the 
unexpected frequency. Therefore, the voltage applied to 
the coil is adjusted to minimize any unintended 
electromagnetic field caused by disorder at each 
frequency, and the target electromagnetic field intensity 
was set to about I 00!-!T. Similar results were also 
obtained when a sine-wave electromagnetic field was 
applied. The electromagnetic tield was applied for three 
minutes to the specimen kept still at room temperature 
(22 to 24°C). 

The interface potential measurement method is a 
simple technique to observe particles migrating in a 
handmade electrophoretic cell under a microscope and 
calculating the potential from their mobility [21]. The 
40L X 20W X 1 T mm electrophoretic cell was 
fabricated by affixing three piece of appropriately cut 
Pyrex object glass (Fig. I) and Pd wire ( t/J : 0.8mm) was 
connected to each end. The specimen solution was 
gently poured into this cell. The cell was then placed 
horizontally in an optical microscope and 1 OV was 
applied between the electrodes. Figure 2 shows the 
experimental set up for observation of electrophoresis. 
Particles electrophoresis was carried out and recorded by 
a CCD camera through the optical microscope. 

An untreated specimen is measured first and then 
treated after storage in an alternating electromagnetic 
field of a specific frequency. After the treatment, a 
similar measurement was performed immediately. 

3. RESULTS AND DISCUSSIONS 
Figure 3 shows the electrophoresis of particles. Fig. 

3a is a movie image obtained by a CCD camera through 
a microscope. Black dots in the image are CaC03 

particles. An electric field of about 250Vm·1 was applied 
from the left to the right in the image. We chose 
arbitrary particles from this image and observed their 
movement. Figs. 3b and 3c (Fig. 3a corresponds to Fig. 
3b at 0 sec.) image-processed from Fig. 3a show the 
positions of these particles 30 seconds later. 

In this experiment, a suspension (pH 9.7 to 9.9 at 
25 oC) of CaC03 particles dispersed in 1 OmM KC! 
solution was used. Before the treatment (Fig. 3b ), the 
particles moved towards the cathode. This indicates that 
the particles had positive zeta potential. After the 
treatment at 7kHz (Fig. 3c), however, the particles 
moved towards the anode. This clearly indicates that the 
treatment reversed the zeta potential from positive to 
negative. 

We chose 10 arbitrary particles from this image and 
calculated the mobility u from their average speed. As 
the particles have a radius large enough for the thickness 
of the electric double layer, similar to colloidal particles, 
Smoluchowski's formula given below is known to be 
applicable to particles of arbitrary forms [22]. 

u=c 0 E,( I I) 
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Here, < 0 , E , and 1J are the permittivity in 
vacuum, the relative permittivity and viscosity of 
the solution, respectively. Using this formula, the 
zeta potential ( of the particles can be 
obtained. 

Fig. 3a Micrograph obtained by the CCD camera 
(image from a movie) 

r(2SOV/m) ~ 

(b) (c) 

Fig. 3b Processed images of 30-second particle 
electrophoresis without electromagnetic treatment (b), 
after 7kHz treatment (c) 

Figure 4 shows the change in the zeta 
potential at different treatment frequencies. It can 
be seen that treatment at 6kHz or higher 
frequency drastically changed the zeta potential 
of the particles towards a negative value. The 
change of the potential is lOmV or more, 
including the reversal of the sign. This was 
reproduced ten times in the study for each case. 

The charging of CaC03 in the liquid can be 
attributed mainly to the concentration of potential 
determining ions (Ca2+, C03 

2
-, HC03 -, H+ and OH-) in 

the solution [23]. Since the pH of the solution used in 
this experiment did not change after the treatment, 
however, changes in the interface potential could likely 
be attributable to a different charging mechanism. The 
specific adsorption of anions to the particle interface 
may be the charging mechanism producing such changes. 
The electrolytic solution used here was lOmM KCl and 
therefore, most of the ions in the solution were er and 
K+. er ions in liquid are weak in hydration because of 
the large ion radius and are known to be easily adsorbed 

onto a solid interface, compared with the K+ ions [24]. 
Therefore, changes in the zeta potential measured in this 
experiment can be attributed to the specific adsorption of 
er ions to the particle interface. 

Figure 5 shows the zeta potential changes between 
un-treatment and after 7kHz treatment at different 
density of KC! solutions. This graph tells us that the 
density of the electrolyte must be certain level and above 
for the effect occurs. When a similar experiment was 
conducted with KF as the supporting electrolyte instead 
ofKCI, the zeta potential did not change largely (Fig. 6). 
Compared with er ions, F- ions are small in radius. 
Because of the strong hydration structure, F ions are 
hardly adsorbed [24]. This also indicates that changes in 
the interface potential by the alternating electromagnetic 
field treatment can be attributed to the adsorption of er 
ions. 

Frequency jkHzj 

Fig. 4 Dependence of the zcta potential of CaC03 

particles (I OmM KC!) on the treatment frequency (Error 
bar represent the maximum error) 
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Fig. 5 The zeta potential changes between 
un-treatment and 7kHz treatment at different KC! 
electrolyte density 
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Fig. 6 Variation of the zeta potential (7kHz treatment) 
on different electrolyte type 

4. CONCLUSION 
The above results confirmed a drastic change in the 

interface potential of CaC03 particles by the alternating 
electromagnetic field treatment at specific frequency 
(several kHz range). This change was attributed to the 
specific adsorption of anions, which were easily 
adsorbed, in the solution. These results indicate what 
is the essence of the mysterious magnetic field 
effects on aqueous solutions. However, the 
mechanism by which the treatment produces specific 
adsorption to the particles interface is still unknown. 
Since the interactions among water, ions, and calcium 
ca.rbonate particles, and a magnetic field are very small, 
th1s could be due to an induced electric field (rot E = 
-dB /dt) accompanying the magnetic field variation. This 
phenomenon obviously depends on the frequency. 
Therefore, an electromagnetic field of several kHz was 
found to affect the hydrated water structure of the 
solid-liquid interface. 

From this experimental result, it seems reasonable to 
conclude that the alternating electromagnetic treatment 
is effective for prevention of scale. In addition, the 
r~sults in this study not only clarify magnetic 
f1eld effects on aqueous solutions but could also 
lead ~o ~ompletely new applications. For example, 
the fmdmgs may be useful for applying selective 
adsorption of ions in materials science as well as 
f?r clarifying the influence of an electromagnetic 
f1eld on a human body. Furthermore, the findings 
may find uses in all interface-related fields. 
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