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Abstract: In this article, magnetizing properties of the packed beds constructed from ferromagnetic spheres and chips were
investigated experimentally in order to determine some effect of the separation efficiency of the magnetized granular beds.
Effects of the external magnetic field intensity, filter length and cycle number on the effectiveness of electromagnetic filtration
of both solutions were also investigated. It was found that the capturing capacity of the processed particles in the filter
increases with increasing external magnetic field intensity, filter length and cycle number until the filter reached to its
saturation at this point.
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1. Introduction
In the recent years, the water consumption for various
practical applications like heating, cooling, energy producing,
etc., has been incredibly increased with the developments of
the various industrial branches and the rise in the world
population. It is clear that water in these applications must
have some certain qualities to meet these requirements. Some
of the known impurities found in water used in the industry
are mostly Fe and its various compounds, and the rest are Ni,
Cu, Cr, Co, Al, Zn, Ti, Zr, Mn and some alloys. Although
some of these impurities are found in waters naturally, they
are mostly produced during the processes as a result of
corrosion and other factors. Even though amount of them are
very small, they can cause serious problems asmentioned in
the literature [1-3]. Essentially, various separation methods
can be applied depending on the characteristics of the solids
and the ratio of the solid/liquid in the suspension. However,
if the particle concentration is around 10-6-10-8 ppm and their
sizes are lower than 1 µm, the conventional methods fail to
supply a high degree of separation. Therefore, this
inadequacy of conventional filters is remedied by the use of
electromagnetic filters which have become very popular
recently and successfully used for the separation of heavy
metal ions, phosphates, and corrosion products like rusts in
mining, glass, ceramic, oil, power and nuclear power

generation industries [3-6]. The matrices of an
electromagnetic filter are composed of the ferromagnetic
packed beds that can be easily magnetized under an external
magnetic field. The packing elements are usually spherical
balls, steel wools, metal rods and wires [1, 7-10]. The local
high gradient fields are formed around these packing
elements through the effect of the external magnetic field.
Purification of a liquid or a gas is then accomplished by
passing the suspension and holding the micron sized
magnetic dispersed particles in these areas. Since
ferromagnetic packed beds can withstand high temperatures,
corrosive and radioactive mediums, mechanical and
hydrodynamic effects, they can be effectively used in the
separation processes of many industrial brunches [3-5, 1112]. Recently, new application areas of electromagnetic
filters in medicine, [3, 9-12], chemical technology and
nanofluid systems [10, 13] have been rapidly increased. The
performance of these filter equipments depends on the
magnetic, hydrodynamic, geometric and rheological
parameters of the system to be cleaned [13-17]. In order to
suggest a general theory for this process, effects of all these
parameters must be known, however, there are not many
studies carried out to enlighten these points. For this reason,
the most important problems to be solved are the
determination of the kinetics of magnetic filter and the
relationship between the parameters affecting the filtration
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process. On the other hand, the matrices of magnetic filters
are generally constructed from ferromagnetic spheres [3-4, 78, 14]. Considering a filter having 1 m length to be used for
practical purposes, it is clear that amount of spherical
packing bed elements will be very high resulting in high
operational costs. Moreover, if the spheres are required to be
plated with special anti-corrosive material, then the filter will
become more expensive and disadvantageous. For this
reason, use of waste steel chips and pieces of wires, and also
recycling the filtration process may reduce the costs. In this
case, magnetizing properties of filter matrices and process
parameters must be investigated, and their effects on the filter
performance must be determined.

2. Experimental Method
For the experimental studies in this work the packed bed is
placed into a rust proof case with dimensions of 0.04m
x0.03m x0.1 m. The electromagnetic filter used in the
experimental studies is consisted of non magnetic filter body
and rust proof steel balls, rods and chips as the filter
elements. As the external magnetizing medium, multipurpose
electromagnetic magnetizing equipment (AC/DC, 0-220 V,
and 0-20 A) has been used. The experimental studies have
been carried out by placing an electromagnetic filter into this
equipment which has a 48 mm diameter. Magnetic field
intensity (B) was within the range of 0-1.5 T. The local
magnetic field intensities at 14 different points along the bed
are measured and evaluated using GM 05 Gaussmeter (Hirst
Magnetic Instruments Ltd.).

Ferromagnetic spheres with diameters of 6.28 mm are used
as a bed element. In order to keep the ferromagnetic bed
more economical, on the other hand, ferromagnetic metal
chips were also used as mentioned previously. Types of the
bed elements used in the present work are shown in Fig.1.
The most important characteristics of the electromagnetic
filters that makes them more useful and popular compared to
classical filters was the separation of nano particles from the
carrier medium with a very high efficiency. For this reason,
Scanning Electron Microscope (SEM) analysis was
necessarily made in order to determine mean particle sizes of
the rust particles that form the suspension. From the
measurements taken from the 11 different points of sample,
particle size distribution for the samples has been determined
in terms of micrometers (µm). As can be seen from Fig.1, the
mean particle sizes vary between 0.2-2 (µm). However, in
this work, the mean particle size was taken as 2 (µm) for the
calculation purposes.
The feed solution to be filtered was prepared by mixing the
tap water and the rust particles, the amount of Fe were
determined from the analysis taken using Atomic Absorption
Spectrometer (AAS) equipments.
Experiments were carried for various conditions, such as
external magnetic field intensity of 0,22-0.35 T, filter length
of 1-10 cm, cycle number of 1-7. In order to prevent the
coalescence of the rust particles, a continuous mixing was
applied. After determining the total Fe amount, the cleaning
performance of the filtration process, which is also called as
quality factor (ψ), was determined using the following
equation:
=

(1)

where, λ, the ferromagnetic fraction of the mixture, Ci and Co
are the total Fe amount at the inlet and outlet respectively
(mg/L).

3. Results and Discussions
3.1. Filter Length

(a)

(b)
Figure 1. Types of ferromagnetic packing elements a) Ferromagnetic
spheres b) Ferromagnetic chips.

The experimental studies were carried out using the
conditions described as above with the value of external
magnetic field intensity as 0.32 T and the filter length as 1-10
cm without any cycling. As can be seen from Fig. 2, if the
external magnetic field intensity was 0.32 T, the filter
efficiency increased from 21 to 83% for ferromagnetic spheres
and from 8 to 43% for chips. Capturing ratio was found to be
maximum in filters constructed from ferromagnetic spheres,
while the lowest was found from metal chips.
However, regardless of the type of the bed element, it is
clear that after the length of 5 cm, the variation in the filter
efficiency was negligible as the filter reached to its saturation
at this point. Because of this, it is very important the
determination of the magnetic saturation in both the filtration
economics and the cleaning performance. Amount of the
filter package elements increase the filter length. It is more
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expensive amount of the filter package elements on the
electromagnetic filtration cost. Actually, the magnetic filter is
about a few meters and consist of hundreds kilos filter
elements in the many industrial branches.
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recordable variation in the efficiency at this external
magnetic field intensity value. Therefore, the use of shorter
filter by increasing the amount of the cycles can provide
lowering the initial costs of the processes and supplying more
economical separations.

Figure 2. Variation of the quality factor with the filter length in the
electromagnetic filterVf =0.15m/s,Ci= 50ppm, B= 0.32T.

3.2. Magnetic Field Intensity
For the experimental purposes the external magnetic field
intensity was changed within the range of 0.22-0.35T. As
noted from Fig. 3, the increase of the intensity values from
0.22 to 0.32 T resulted in an increased efficiency of 43-83%
for ballsand 25-52% for chips. However up to the value of
0.32 T, this increase was important and then it was negligible.
On the other hand, at the value of 0.35 T, the quality factor
decreased for all cases since the filter reached to its saturation
point. However, the electromagnetic filter that is constructed
the metal chips as metal waste is cheap. On the other hand,
the electromagnetic filter is poor magnetically. The quality
factor is less than the electromagnetic filter that is
constructed the balls. The balls are most efficiently in the
magnetic filter package elements according to the cleaning
filter performance.

Figure 4. Variation of the quality factor with the number of cycles used in
the electromagnetic filter L= 0.03 m, Ci= 50ppm, Vf=0.15m/s, B=0.32 T.

In addition, Figure 5 shows clearly that the quality factor
of the electromagnetic filter that is constructed the balls
increase the number cycles. Respectively, it is a, b and c,
unfiltered corrosion products (rust) suspension, the number
cycle of electromagnetic filtered 3 times and the number
cycle of electromagnetic filtered 5 times. It is resulted that
cleaning performance of the electromagnetic filter in five
times cycle filtered suspension is 2 multiple better than
unfiltered.

(a)

Figure 3. Variation of the quality factor with the magnetic field intensity in
the electromagnetic filter L= 0,1m, Ci= 50ppm, Vf=0,15m/s.

3.3. Number of Cycles
The amount of the cycle number was ached between 1-7
for 0.32T and it was recorded that for the filter lengths of
3cm, a noticeable increase was seen up to the cycle number
of 5 (fig. 4). Increasing the cycle number did not lead to any

(b)
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Figure 5. Cleaning performancewith the number of cycles used in the
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4. Conclusions
From the experimental studies of the packed beds
constructed from the ferromagnetic elements, the followings
can be withdrawn:
The porous media constructed from the ferromagnetic
elements that can be easily magnetized in an external
magnetic field have high magnetic characteristics.
Ferromagnetic balls showed the strongest magnetizing
characteristics under the external magnetic field intensity
values used, while chips the lowest.
Increasing the packing factor, the characteristics
mentioned above improved. From the practical point of view,
on the other hand, homogeneous balls are more
advantageous. From the results from all experiments, the
highest cleaning efficiency was obtained by using
ferromagnetic spheres.
Although their relatively low magnetizing characteristics,
the use of the packed beds with ferromagnetic chips are more
economical in the practical applications. However, the
cleaning efficiency is quite low by using ferromagnetic chips
compared to those by using spheres as mentioned above.
Even the use of a cycle in the filter process could not provide
such high degree of separation from the carrier medium.
Although the filters constructed from metal chips are
cheaper, maximum degree of separation were about 55%
because of the very low porous structure of the medium.
However, if very high degree of separation is not required,
then these sort of packing elements could easily be used. This
way, reusing of the waste material will contribute to cleaner
environment and economic situations of the world.
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