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ABSTRACT: In this paper, the effect of magnetic field on lubricating cooling liquids,
which are used in the cutting process in manufacturing, was studied. We chose three
different lubricating cooling liquids that are commonly used in local manufacturing
factories to conduct the experiment. Three main properties of these lubricoolants, boiling
point, kinematic viscosity, and density, were analysed after magnetizing them. The
magnetization processes were conducted in two conditions of liquids. At the first stage,
the authors magnetized the liquids in stationary conditions; at the second stage, they
magnetized the flowing liquids and analysed the difference among all the obtained results.
This article shows the results of the comparisons and analyses the magnetic field influence
on different types of fluids. Moreover, the paper investigates the dependence of magnetic
field strength on the influence of magnetic field on liquids. It was found that the examined
three parameters of liquids were changed after magnetic field treatment. The finding of
this research offered a simple approach to improve the lubricating and cooling process in
machining details in manufacturing.

ABSTRAK: Dalam makalah ini, pengaruh medan magnet pada cecair pendingin pelincir,
yang digunakan dalam proses pemotongan dalam pembuatan, telah dikaji. Kami memilih
tiga cecair penyejuk pelincir berbeza yang biasa digunakan di kilang pembuatan tempatan
untuk menjalankan eksperimen. Tiga sifat utama pelincir ini seperti takat didih, kelikatan
kinematik, dan ketumpatan dianalisis setelah memagnetkannya. Proses pembesaran
dilakukan dalam dua keadaan cecair. Pada peringkat pertama, kami memagnetkan cecair
dalam keadaan pegun dan membandingkan hasilnya; pada peringkat kedua, kami
memagnetkan cecair semasa mengalir dan menganalisis perbezaan antara hasil yang
diperoleh. Artikel menunjukkan hasil perbandingan ini dan menganalisis pengaruh medan
magnet pada pelbagai jenis cecair. Lebih-lebih lagi, makalah ini meneliti pergantungan
kekuatan medan magnet terhadap pengaruh medan magnet pada cecair. Didapati bahawa
tiga parameter cecair yang diperiksa diubah setelah rawatan medan magnet. Penemuan
penyelidikan ini menawarkan pendekatan mudah untuk meningkatkan proses pelinciran
dan penyejukan dalam perincian mesin dalam pembuatan.

KEYWORDS: boiling point; cutting, liquid; magnetic field; manufacture

327



IITUM Engineering Journal, Vol. 22, No. 2, 2021 Odilov et al.
https://doi.org/10.31436/iiumej.v22i2.1768

1. INTRODUCTION

There are many scientific works about the effect of magnetic field on the physical and
chemical properties of water. When liquids are exposed to magnetic field effects, they
become magnetized liquids. Nikolskiy et al. analytically and experimentally investigated
the influence of magnetic and electric fields with tension gradient in the direction of the
movement of the contacting gas-liquid phases [1]. Rashid at al. presented an investigation
of water evaporation through a magnetic field of 0.5 T, which was located at different
locations of tested water height (water-air interface, water mid-height, and bottom) [2].
Amiri and Dadkhah investigated whether or not a physical water treatment reduces the
surface tension of water, as reported in some scientific literature [3]. Tritigin et al. studied
the influence on the microflora of water-oiled lubricating cooling liquid of a weak
electromagnetic pulse field [4]. Ageev noted that one of the hypotheses explaining the effect
of a weak magnetic field on biological objects is that water properties were changed by
magnetic field [5]. Hassan and Rahmon’s study is a step towards gaining a better
understanding of the effect of magnetism on water properties and on the biology of culture
organisms, such as the brine shrimp, Artemia salina. Their study evaluated the effects of
magnetic field exposure on water properties, which in turn affected the hatchability of A.
salina [6]. Baresel et al. have taken the concept of water treatment by functionalized
magnetic particles one step forward by integrating the technology into a complete proof of
concept, which included the preparation of surface-modified beads, their use as highly
selective adsorbents for heavy metals ions (zinc, nickel), and their performance in terms of
magnetic separation [7]. Mardonov et al. studied the effect of magnetic field on the dynamic
viscosity coefficient of flowing water. They found that the dynamic viscosity coefficient of
water changed after magnetization. They magnetized flowing water using different
magnetic field strengths. After magnetization, they measured the coefficient and found that
dynamic viscosity of water was decreased [8].

The effect of magnetic field on liquids is still a controversial issue, and there is a lack
of research in this field. Almost all of the research about magnetic field effect on liquids
were conducted on water and the majority of that research was effectively used in the
agriculture field. The authors of this paper suggest that use of magnetic field treatment in
the manufacturing process would have a great advantage.

Although many scientific works about the influence of magnetic field on some
parameters of water have been reported from many studies, no scientific works analysed the
effect of magnetic field on lubricating cooling liquids, which are used in cutting processes.
Kinematic viscosity, boiling point, and density are effectively the most important
parameters of lubricating cooling liquids used in cutting processes. Analysing the influence
of magnetic fields on the properties of lubricants would help to increase the efficiency of
machining and increase the wear resistance of the cutting tool. The purpose of this research
work is to study the effect of magnetic field on these three properties of lubricating cooling
liquids such as boiling point (heating from room temperature until the liquids boil),
kinematic viscosity, and density. The experiment suggests that some parameters of liquids,
such as boiling point, kinematic viscosity, and density were changed by the magnetic field.
It is essential to point out that in this research, three different liquids were studied, including
water, and the results were applicable for other types of liquids. It has been proven, here,
that magnetic field treatment decreases the boiling point of any liquid with respect to the
magnetic field strength. In addition, the effect of magnetic field on kinematic viscosity and
density of liquids were investigated in this study. Moreover, the influence of the magnetic
field strength on magnetization effect was studied.
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2. METHODS AND MATERIALS
2.1 Magnetization

The first liquid (liquid-1) was tap water and it was from a local water supply company
(“Suvsoz”, Uzbekistan), the second and the third liquids (liquid-2 and liquid-3) were taken
from a local manufacturing factory (Meridian-A). These three liquids were used as
lubricating cooling liquids in the “Meridian-A” manufacturing factory. The second liquid,
liquid-2, was a compound of water and K>Cr.O7 powder with 0.2% concentration. More
accurately, m=50 grams K>Cr,O7 powder was dissolved in mo=25 kg of water. Lubricating
cooling liquid with that concentration is used in cutting details made from mild steel. Liquid-
3 is also a lubricating cooling fluid and it is mainly used for machining details where the
material’s hardness is higher (hard alloys) than other details. It is a 5% concentration of
special cutting fluid marked BM-76M with water.

The magnetizing equipment UMD-1 was developed for magnetizing liquids, the
equipment consisted of 8 magnets, and the size of each magnet was 120x80x16 (length,
width, height) with a minimum strength of 40 Mt. The details of UMD-1 magnetizing
equipment are given in Fig. 1.

Fig. 1: UMD-1 magnetizing equipment.
1 — Magnets on the top, 2 — magnets below, 3 — wooden part for separation.

Four magnets (1) were placed on the other four (2) with a gap between them. They were
separated by a non-conductor material (3) between them. Three types of magnetic field
strength (40 mT, 60 mT, 80 mT) were selected to magnetize the liquids and magnetic field
strength was controlled by changing the distance between magnets. More clearly, changing
the non-magnetic parts with ones of different height, resulted in various magnetic field
strengths. A PVC pipe was placed between the magnets, and its diameter was 10 mm. Four
hundred eighty mm of the polyvinyl chloride (PVC) pipe passed through UMD-1
magnetizing equipment and this was the length of the magnetic field. When a liquid flowed
through the PVC pipe, it turned into a magnetized liquid. All of the samples circulated at a
flowing speed of 0.4 m/s for 30 min in UMD-1 magnetizing equipment. The scheme of the
magnetizing process is given in Fig. 2.

Fig. 2: 1 — UMD-1 magnetizing equipment, 2 — PVC pipe, 3 — container, 4 — pump, 5
— liquid, 6 — tap, 7 — flowing direction of the liquid.
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The magnetic field strength, magnetizing condition, and velocity of liquids were
considered as three influential factors that affected the changes caused by the magnetic field
[9,10]. Therefore, all of the experiments were conducted in the same laboratory conditions
and the specification of the laboratory conditions is given in Table 1.

Table 1: Example system technical data

Item Value
Atmospheric pressure 770 mmHg
Humidity 80%
Height above sea level 440 meter
Flowing speed of liquid 0.4 m/s
Diameter of the PVC 10 mm

2.2 Measurement of the Kinematic Viscosity

A capillary glass viscometer VPJ-4 (Fig. 3) is one of the commonly used devices to
measure the viscosity coefficient of liquids and it was designed to determine the kinematic
viscosity of liquids in accordance with GOST 33-66. Its range of measurement is from 0.6
mm?/s to 10000 mm?/s and it was very easy to measure and is also a popular method for
measurement in laboratory conditions. Capillary viscometer VPJ-4 (Fig. 3) is a device in
the form of a U-shaped tube, the elbow (1) is soldered with the capillary (5). Measuring
viscosity by a viscometer is based on the determination of the time required for a certain
volume of liquid to flow out through the capillary.

N ST

(a) (b)

Fig. 3: VPJ-4 capillary viscometer.
1, 2 — bend of the viscometer; 3 — discharge pipe; 4 — upper reservoir of the
viscometer; 5 — capillary; 6 — lower reservoir of the viscometer; M; and M, — labels,
limiting the measured volume of the lower reservoir viscometer.

To determine the flow time to the discharge pipe (3), a rubber tube connected to a rubber
bulb was inserted. Then, holding the bend (2), the viscometer was turned over and the bend
(1) was immersed in a reservoir with liquid. The liquid was sucked in (with a pear) to the
M; mark, without letting air bubbles form in the liquid. At the moment when the liquid
reached the M mark, the device was removed from the vessel and immediately turned over
to its original position. Excess fluid was removed from the bend (1), the rubber tube was
removed from the bend (2), and it was put on the bend (1). Then, the viscometer was placed
in the thermostat so that the expansion (4) was lower than the liquid level in the thermostat.
It was kept in a thermostat for more than 30 minutes at a given temperature and then the
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liquid was sucked into the bend to the level of one-third of the expansion (4). The rubber
tube was disconnected and the time for the meniscus level to drop from the M| mark to the
M; mark was measured with a stopwatch.

The diameter of the capillary was 3.55 mm. The kinematic viscosity of the liquid was
determined using the following Eq. (1) [GOST 33-66],

—_9 7.
V_9.807 r-K (D

where,

K — Constant of the viscometer (9.224 mm?/s? according to GOST 33-66)
V — Kinematic viscosity of liquid [mm?/s]

T — Liquid flow time in seconds

g — Acceleration of gravity [m/s’]

2.3 Measurement of the Density

Density is one of the main physical quantities that characterizes the properties of a
substance. When exercising control over technological processes and product quality,
measuring the density of substances plays an essential role. It is known that to determine
the density of a solid or liquid, it is sufficient to define the ratio of body weight to its volume.
On the other hand, the ratio of the densities of a solid and a liquid determines, for example,
the condition for the floating of a solid in a liquid, and the values of their density are the
magnitude of the pushing forces from the liquid and the weight of the body inside the liquid.
This relationship opens the ability to measure density through the interaction of a liquid and
a solid immersed in that liquid. In our experiment, we used the densimeter with second class
of'accuracy according to GOST 1300-57 and its measurement range was from 1.000 to 1.800

(Fig. 4).

(a) (b)

Fig. 4: 1 — Liquid; 2 — Densimeter; 3 — Density measuring scale of the densimeter; 4 —
tanker, 5 — Ballast.

Densimeters and hydrometers are commonly used to measure the density of different
types liquids. The densimeter is a glass float of constant mass and volume, the expanded
(lower) part of which is filled with ballast — clean and dry metal shot, filled with a layer of
resin with a melting point of at least 80 °C. Thanks to the ballast (5), the densimeter is in a
vertical position during measurements. In the upper thinned part of the float, there is a scale
graduated in units of density. The use of a densimeter to determine the relative density of a
liquid is based on Archimedes' law, therefore, the upper divisions of the scale correspond to
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the lowest density, and the lower divisions correspond to the highest density. The readings
are counted along the lower meniscus of the fluid. In the manufacturing and canning
industry, sets of standard general-purpose densimeters of at least 2™ class of accuracy are
used, calibrated to measure the relative density at a temperature of 20 °C with a
measurement range from 0.7000 to 1.840 or from 820 to 1840, respectively.

2.4 Measurement of the Boiling Point

The TP300 (Fig. 5) digital thermometer (Xi'an Lonn M&E Equipment Co., Ltd., China)
was used to measure the boiling point of magnetized and non-magnetized liquids under
different conditions. The boiling point is determined by the nature of the substance and
depends on external pressure. It is a characteristic of bodies located only in solid-state and
for high molecular weight compounds. To determine the boiling point of fluids, we took a
container and filled it with liquid (100 ml), and started to heat. While heating we put a TP300
digital thermometer into the liquid and marked the boiling point of the liquid.

Fig. 5: TP300 digital thermometer (measurement range is from -50 °C to +300 °C).

3. RESULTS AND DISCUSSION

3.1 Effect of Magnetic Field on the Boiling Point of Lubricating Cooling Liquids

The digital thermometer recorded the boiling point of the three different liquids. As
stated above, three different liquids were analysed under the influence of magnetic field
with three different magnetic field strengths (40 mT, 60 mT, and 80 mT). To compare the
results, at first, the boiling point of liquids without magnetic field effect was measured under
laboratory conditions. Second, the magnetic field was affected, with a MFS of 80 mT, to
liquids in a stationary condition (not flowing) and the results were compared. The boiling
point results were consistent with reports in the literature that the boiling point of water
increases after magnetic field treatment [11]. Figure 6 shows the difference between the
obtained results.

It is noticeable from Fig. 6 that liquids under the effect of magnetic field in peace (still)
condition, have lower boiling point than their natural boiling point. Every liquid’s natural
boiling points differed from each other, but when they were affected by the magnetic field,
there was difference between boiling points of magnetized liquids in peace condition and
non-magnetized liquids. Then the effect of the magnetic field with different MFS on flowing
liquids was analysed. After 30 minutes of magnetic treatment under each magnetic field
strength in the same laboratory condition, as specified in Table 1, the following results,
given in Fig. 7, were obtained.
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Fig. 6: The boiling point of not-magnetized and
magnetized (in peace condition) liquids.
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Fig. 7: The boiling point of not-magnetized and
magnetized (in the flowing condition) liquids.

The boiling point is one of the main physical parameters of fluids and its value might
be changed under the effect of the magnetic field. The boiling point of liquids depends on
the condition and other parameters of liquids such as atmosphere and properties of fluids.
As can be seen in Fig. 7, the boiling point of magnetized liquids decreases as magnetic field
strength increases. The difference between boiling point of not magnetized and magnetized
fluids (in the flowing condition) under the 80 mT of magnetic field strength were 1.9 °C for
liquid-1, 3 °C for liquid-2, and 2.2 °C for liquid-3 respectively. In addition, it is interesting
to note that the higher the magnetic field strength the lower the boiling point of the liquids.
The lowest boiling point was determined in 80 mT magnetic field strength. It was found
that, if magnetic field strength was increased the effect of magnetic field on liquids was also
increased.

3.2 Effect of Magnetic Field on the Kinematic Viscosity Coefficient of Lubricating
Cooling Liquids

Viscosity coefficient is one of the important properties of lubricating cooling liquids
used in the machining process in manufacturing. Analysing the effect of magnetic field on
that parameter of liquids will help to increase the efficiency of the manufacturing process.
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Under laboratory conditions, the VPJ-4 measuring device was used to record the results.
This device commonly used in Uzbekistan.

To analyze the effect of the magnetic field on the viscosity coefficient of liquids, the
three different lubricating cooling liquids in stationary condition were magnetized for 30
minutes. Eight permanent magnets with 80 mT magnetic field strength were used to make
the magnetizing condition. Then, the viscosity coefficient of unmagnetized and magnetized
(in peace condition) liquids (Fig. 8) were compared. It is clear from the data given in Fig. 8,
that under the influence of the magnetic field, the kinematic viscosity coefficient of each
liquid decreased noticeably. The difference between kinematic viscosity coefficient of
unmagnetized and magnetized liquids were 0.323 mm?/s for liquid-1, 0.057 mm?/s for
liquid-2, and 0.156 mm?/s for liquid-3.
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Fig. 8: The kinematic viscosity coefficient of not magnetized
and magnetized (in peace condition) liquids.

Following this experiment, the influence of the magnetic field on flowing liquids was
assessed. A UMD-1 magnetizing device was used to magnetize the flowing liquids.
Lubricating cooling liquids passed through the UMD-1 magnetizing device at 0.4 m/s. The
diameter of the pipe, which was used to pass flowing liquid through the UMD-1, was 10
mm. After 30 minutes of the magnetizing process, the kinematic viscosity of liquids was
measured and the results are given in Fig. 9.
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Fig. 9: Viscosity coefficient of not magnetized and
magnetized (in flowing condition) liquids in different magnetic field strengths.
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Results given in Fig. 9 show that a magnetic field can cause a decrease in the viscosity
coefficient of flowing liquids. Moreover, the viscosity coefficient of flowing liquids
depends on the magnetic field strength, because as the strength of the magnetic field
increases, the kinematic viscosity of liquids decreases. The lowest viscosity coefficient was
determined under the influence of the highest magnetic field strength (80 mT). Comparisons
show that the value between the unmagnetized and magnetized liquids, under the highest
MES, were 1.246 mm?/s for liquid-1, 0.803 mm?/s for liquid-2, and 0.295 mm?/s for liquid-
3.

It was also found that the effect of magnetic field on flowing and not flowing liquids
depends on the properties of the liquids. It is clear from the numbers obtained in Figs. 8 and
9 that liquid-1 was affected by the magnetic field more than the other two liquids. Liquid-3
had the least change among the three liquids after magnetization. Because the concentration
of liquid-3 has more components than other liquids and its crystals are differentiated from
tap water (liquid-1) more than liquid-2. It is investigated that the greater the percent
concentration of liquids, the less the magnetization effect on the liquids.

3.3 Effect of Magnetic Field on the Density of Lubricating Cooling Liquids

The magnetic field effect on the density of lubricoolants is also important in machining
details in the manufacturing process. For the purpose of increasing efficiency in machining
details, the effect of magnetic fields on the density of liquids was given greater attention by
authors. As above, at first, the difference between the density of unmagnetized and
magnetized (in peace condition) liquids was compared. There were also differences among
the obtained results (Fig. 10). Figure 10 shows that after magnetizing liquids, their density
increased and the differences were 0.002 g/cm? for liquid-1, 0.001 g/cm? for liquid-2 and
0.002 g/cm? for liquid-3.
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Fig. 10: The density of unmagnetized and magnetized (in peace condition) liquids.

When the flowing liquids were magnetized in different magnetic field strengths, the
results changed noticeably with respect to the magnetic field strength. The results, which
were taken in the same laboratory conditions, are given in Fig. 11.

Despite the fact that the density of the liquids differed from each other in the same
conditions, the density of each liquid was increased after 30 minutes of the magnetization
process while they were flowing (Fig. 11). The density of the first sample was 1.000 g/cm?
before magnetization, but it reached to 1.005 g/cm?® after magnetizing at 40 mT. When the
MEFS increased to 80 mT, the density reached its highest point in the experiment (1.007).
Liquid-2 and liquid-3 also increased from 1.002 g/cm? to 1.006 g/cm® and from 1.009 g/cm’
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to 1.011 g/cm? respectively. In fact, the highest density was obtained at 80 mT of magnetic
field strength.
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Fig. 11: The density of unmagnetized and magnetized (in flowing condition) liquids
in different magnetic field strengths.

A decrease in the viscosity coefficient after magnetic field treatment was found. When
magnetic field influences liquids, their crystals are regulated in the magnetic field direction
by the magnetic field. This regulation of crystals causes a decrease in the viscosity
coefficient after magnetic field treatment. Moreover, the regulation of crystals causes an
increase in the density after magnetic field treatment. Also, it has been explored that, the
effect of magnetic field on liquids depends on the properties of fluids, or more accurately,
in the same laboratory condition and same magnetic field strength, magnetic field influence
was different on various liquids. It is worth noting that the influence of a magnetic field on
liquid depends on what kind of chemical elements are dissolved in the liquid. Moreover, the
maximal change in all of the experiments was obtained at 80 mT of magnetic field strength
while the lowest change was reached at 40 mT of magnetic field strength.

Obtained results are very influential to manufacturing processes because the changes in
these parameters of liquids have an impact on the wear resistance of the cutting tool used in
the machining process. The influence of magnetized lubricating cooling liquids on the wear
resistance of cutting tools helps to increase the efficiency in the machining process and saves
energy [8,15,16].

However, this issue about magnetic field treatment of liquids remains controversial.
Complete understanding of the influence of magnetic fields on fluids has a great impact on
agriculture, industry, and other fields [12-14]. Some scientists are working on the issue of
magnetic field treatment of water, but there lack of researches on this issue, especially the
magnetic field effect on different liquids.

4. CONCLUSION

The results obtained in the laboratory experiment showed that there was an increase in
the density of liquids when they were affected by the magnetic field. In spite of the fact that
the increase was not always noticeable on the density of fluids, it depended on the magnetic
field strength. Also, the density of water was more affected by the magnetic field than the
other two dissolved liquids which means that the density of dissolved liquids is less likely
to be influenced by the magnetic field. However, the influence of the magnetic field on the
boiling point of dissolved liquids were about 1.5 times higher than tap water. In addition,
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it was found that kinematic viscosity and boiling point of experimented liquids were
decreased after magnetic field treatment. However, after magnetic field treatment of flowing
liquid, the kinematic viscosity of liquid-1 decreased by 24% while the kinematic viscosity
of liquid-2 and liquid-3 decreased by 8% and 19% respectively. The difference between the
effect of magnetic field on stationary and flowing liquids was also examined and it was
explored that flowing liquids were influenced more than liquids in stationary conditions.
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