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EFFECTS OF ELECTRICAL CURRENT FREQUENCY ON THE
PHYSICOCHEMICAL CHARACTERISTICS OF WASTEWATER

Mai Trong Ba'", Pham Huu Toan', Nguyen Thuy Lan*, Mai Van Phuoc?

Abstract: Water plays a crucial role in the growth and development of species on
Earth. Changes in the physicochemical properties of water have a large effect on
human activities as well. Researchers have studied and evaluated the effects of
electrical current frequency (f = 0+2.000 Hz) on the physicochemical properties
(surface tension, dynamic viscosity, specific weight) of wastewater. The effect of
electric fields on the physicochemical properties of water, allows it to identify the
optimal treatment regimes that promote the intensification of various processes
taking place in an aqueous medium or in the presence of water.
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1. INTRODUCTION

Latimer and Rodebush first described hydrogen bonding in 1920. Water is the
major constituent of cells and a remarkable solvent whose chemical and physical
properties affect almost every aspect of life. Many of these properties are a direct
reflection of the fact that most water molecules are in contact with their neighbors
entirely through hydrogen bonds. Hydrogen bonds arise in the water where each
partially positively-charged hydrogen atom is covalently attached to a partially
negatively charged oxygen from a water molecule with a bond energy of about 492
kJ/mol and is also attracted, but much more weakly, to a neighboring partially
negatively charged oxygen atom from another water molecule. In liquid water, the
energy of attraction between water molecules is optimally about 23 kJ/mol and
almost five times the average thermal collision fluctuation at 25 °C (figure 1). This
is the energy required for breaking and completely separating the bond, and equals
about half the enthalpy of vaporization (450 kJ/mol at 25 °C), as an average of just
under two hydrogen bonds per molecule are broken when water evaporates [1].
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Figure 1. Hydro bonds between water molecules.

The Gibbs free energy change (AG) presents the balance between the increases
in bond strength (-AH) and consequent entropy loss (-AS) on hydrogen bond
formation (i.e. AG = AH - TAS) and may be used to describe the balance between
formed and broken hydrogen bonds. Several estimates give the equivalent Gibbs
free energy change (AG) for the formation of water's hydrogen bonds at about 2
kJ/mol at 25 °C, the difference in value from that of the bond’s attractive energy
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being due to the loss in entropy (i.e. increased order) on forming the bonds.
However, from the equilibrium concentration of hydrogen bonds in liquid water,
AG is calculated to be more favorable at -5.7 kd/mol [2].

Bond lengths and angles will change, due to polarization shifts in different
hydrogen-bonded environments and when the water molecules are bound to solutes
and ions. The oxygen atoms typically possess about 0.7e negative charge and the
hydrogen atoms about 0.35e positive charge giving rise to both an important
electrostatic bonding but also the favored trans arrangement of the hydrogen atoms
as shown in Figure 1. Liquid water contains by far the densest hydrogen bonding
of any solvent with almost as many hydrogen bonds as there are covalent bonds.
These hydrogen bonds can rapidly rearrange in response to changing conditions
and environments. In this paper, we will present the impacts of electrical current
frequency (f = 0+2.000 Hz) on the physicochemical properties of wastewater.

2. EXPERIMENT

2.1. Research equipment

In order to study the change in the physicochemical properties of wastewater,
we used equipment TR (figure 2), researched and fabricated in Center of Industrial
Environment, Institute of Mining — Metallurgy Science and Technology. The
stimulation was applied at a range of frequencies (0 + 2000 Hz), but in this paper,
researchers were using current frequency f = (25, 200, 500, 2000) Hz.

Figure 2. The layout of equipment TR-1 used to change
the physicochemical properties of wastewater.

Treatment with an electromagnetic field, one of the potential techniques to
increase scale deposition from wastewater, has the advantage of not requiring the
addition of any chemicals.

2.2. Research Methods
a. Survey effects on the surface tension

Surface tension is the tendency of liquid surfaces to shrink into the minimum
surface area possible. At liquid-air interfaces, surface tension results from the
greater attraction of liquid molecules to each other (due to cohesion) than to the
molecules in the air (due to adhesion). Let us consider a capillary tube of uniform
bore dipped vertically in a beaker containing water. Due to surface tension, the
water rises to a height h in the capillary tube as shown in figure 3.

To determine surface tension, we used equipment TR to change the
physicochemical properties of wastewater in the period 15, 30, 45, and 60 minutes.
Using standard burette stand to conduct experiments.
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- Step 1: Use equipment TR to change physicochemical properties of 04
wastewater samples 500mL in the period 15, 30, 45, and 60 minutes;

- Step 2: Fix a needle near the capillary tube so that the needle touches the water
surface;

- Step 3: The difference between the two readings of the vertical scale gives the
height (h) of the liquid raised in the tube;

- Step 4: Evaluate the results achieved.

-1

Figure 3. Survey effects on the surface tension.

Results of experiments are presented in table 1.

The surface tension of wastewater o is calculated by equation (1):
20 of o= h.p.g.r 1)

0.9.r

o - Surface tension of the liquid (N.m™); h - Height of the liquid in the
capillary tube (m); p - Density of water (kg.m™), p =997 kg.m™; g - Acceleration
due to gravity (g = 9.8 m.s™); r - Radius of the capillary tube (m), r = 0,025.10% m.
b. Survey effects on the dynamic viscosity of wastewater u

The dynamic viscosity of water u is the resistance inside the liquid. This
resistance needs to overcome a force, which with such force, it can create the flow
of liquid. Since the research carries out a survey to impacts of alternating current
frequency to the dynamic viscosity of water by determining the time for a unit
volume of water to flow out from the burette.

Use glass lock burette with volume 25 mL, respectively check time flowing out
from burette of testing samples: wastewater, wastewater after using equipment TR
in the period 15, 30, 45, and 60 minutes. The experimental steps are as follows:

- Step 1: Fix burette vertically in racks, for 25 mL wastewater into burette;

- Step 2: Open burette lock valve, as well as calculate time until water flows out
from burette;

- Step 3: Calculate the dynamic viscosity and discuss.
The dynamic viscosity of water u is calculated by equation Poiseuille (2):
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in which: p — The dynamic viscosity of wastewater, Pa.s; p — Liquid surface
pressure, p = 10383,6 kg/m?; r, — Output radius of burette, r; = 0,05.10% m; r, -
Radius of burette, r, = 0,45.10% m; t — Flowing out time of volume of wastewater,
s; V — Volume of wastewater, V = 0,25.10° m* | — Measuring bar length of
burette, | = 39,8.10° m. Results of experiments are presented in table 2.

c. Survey effects on the specific weight

To survey effect of electric current frequency to density of wastewater, the
researchers use volumetric hydrometer 10 cm?, the steps are indicated in the
document [3]. The experiment conducted in conditions of wastewater temperature
is 25 °C, density of wastewater is calculated by formula (3):

_ 92 — Y

P 9.— 0, Ph,0 (3)
in which: p — The specific weight of wastewater after using equipment TR, kg/m?;
go — The mass of the hydrometer, kg; g1 — Hydrometer volume including
wastewater not using equipment TR; g, — Hydrometer volume including
wastewater using equipment TR; py,o — The specific weight of wastewater in
temperature 25 °C, kg/m?, Pu,o = 997,32 kg/m® [4]. Results of experiments are
presented in table 3.

3. RESULTS AND DISCUSSION

3.1. Effect of current frequency to physicochemical properties of wastewater

Survey results influence the frequency of the alternating current to
physicochemical properties of water presented in table 1.

Via Table 1, Fig. 4 we see that surface tension of wastewater has an impact on
electric current frequency (using equipment TR) smaller than wastewater not under
the impact of electric current frequency (not using equipment TR). This can be
explained that under the impact of electric current frequency elements of wastewater
has the greater speed of movement and kinetic energy, it is easy to gain energy state
to destroy hydrogen bonds from the open surface of the liquid. Hence, the surface
tension of wastewater under the impact of electric current frequency is bigger.

Table 1. Impact of electric current frequency to the surface tension.

Height of the liquid in the

- - _3
N Time of capillary tube, cm Surface tension ¢.10°, N/m

experiments | i—
p h25 hzoo hsoo hzooo 025 G200 0500 G2000

0 59 | 59 | 59 59 | 72,15 | 72,15 | 72,15 | 72,15

After15min | 58 | 48 | 43 4,0 | 70,93 | 58,70 | 52,59 | 48,92

After30min | 58 | 42 | 3,6 3,4 | 70,93 | 51,37 | 44,03 | 41,58

After45min | 58 | 3,8 | 3,3 3,2 170,93 | 46,47 | 40,36 | 39,13

W NF

After60min | 58 | 35 | 31 | 3,05 | 70,93 | 42,80 | 37,91 | 37,30

According to the results in table 1, we see that the surface tension of wastewater
decreases with time which is affected by electric current frequency. When the time of
experiments the surface tension down to 45,8% in the frequency from 25 to 2000 Hz.
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Figure 4. Impact of electric current frequency (TR) to surface tension.

Results of effects on the dynamic viscosity of wastewater by electric current
frequency is show in table 2. This can be explained that water sample under the
impact of electric current frequency, links between elements become weaker, it is
more easily destroyed than water sample without the impact of electric current
frequency. Impacting time of electric current frequency is longer, dynamic (the
velocity of the molecules) is bigger, it is easy to gain the status of the destruction
of hydrogen bonds, and so that the number of hydrogen bonds reduces leading to
the viscosity of liquid also reduces.

Table 2. Impact of electric current frequency to the dynamic viscosity of wastewater.

Dynamics viscosity of wastewater, 1.10°, Pa.s
Wastewater
f=25 Hz =200 Hz =500 Hz f=2000 Hz

0 0,924 0,923 0,923 0,924
After 15 min 0,919 0,910 0,903 0,900
After 30 min 0,918 0,902 0,896 0,893
After 45 min 0,916 0,897 0,892 0,890
After 60 min 0,916 0,896 0,890 0,890

Under the impact of the power line frequency, hydrogen bonds are broken by
impacting time. Due to the increased number of elements, the liquid is also leaded
to increase by time, and the special weight of the liquid is reduced by time. Results
of the optimization process are presented in table 3.

Table 3. Physicochemical properties of wastewater with an without TR.

= Specific weight of wastewater p, kg/m®
requency,
Hz 0 After 15 After 30 After 45 After 60
min min min min
25 997,32 997,31 997,31 997,30 997,30
200 997,32 996,40 996,24 996,22 996,21
500 997,32 996,36 996,21 996,19 996,19
2000 997,32 996,34 996,20 996,18 996,18

As the results above shown, under the impact of the power line frequency,
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hydrogen bridge links are weaker, water elements are easily converted into free
and flexible, leading to penetration and impact to physicochemical properties of
wastewater is faster.

3.2. Scaling mechanisms

Based on the literature review [6], we summarize into two fundamentally
different approaches: (i) hydration effects, and (ii) magnetohydrodynamic under
continuous flow conditions.

Hydration effects. Most of the observed electric current frequency effects can be
elucidated in the light of magnetically induced changes in the hydration of ions,
liquid interfaces, and hydrophobic solid surfaces, which also account for the
impacts observed under the static or quiescent treatment conditions. The
mechanisms involve changing the orientation of the proton spin, thereby disturbing
hydration effects by hindering the transfer of the proton to a water molecule.
Hence, the hydration effect is positively associated with the surface tension of
water that determines the interfacial interactions between water molecules and
scale-forming ions or solid surface. Some researchers noticed variations in the
surface tension of water with the presence of MF, while others discovered
negligible impact. Cho and Lee [5] used both permanent magnet and solenoid col
devices to investigate whether MF treatment can change the surface tension of hard
water. They found that as the MF exposure time increased, the surface tension of
the tested water decreased. Surface tension can be defined as the surface energy of
a solid-liquid state is more than that of a liquid-liquid state. The presence of
colloidal particles increases the surface energy at the water-colloid interface,
thereby declining the surface energy at the water-reactor surface. It was also
suggested that the results can be used to qualitatively evaluate the efficiency of MF
for the prevention of scaling in heat exchangers [6, 7].

Magnetohydrodynamic phenomena. Magnetohydrodynamic phenomena exist
only when both the treated fluid flows and the MF presents, such as in dynamic
treatment conditions. The magnetohydrodynamic mechanisms can be used to explain
a wide variety of MF effects, such as the effect of fluid velocity, magnetic induction
on the quantity and crystal structure of the scale, and the main scale component.

Other mechanisms. Depending on the affected objects, the proposed MF
mechanisms can also be broadly categorized under (even though the nature of
mechanisms is identical): (i) intra-atomic effects, such as changes in electron
configuration as discussed in hydration effects; (ii) inter-molecular/ionic effects,
e.g., the hydration of ions alters by MF; (iii) interfacial effects, including alteration
of liquid interfaces.

4. CONCLUSIONS

The result of the research shows the impact of the power line frequency to
changes of physicochemical properties of water: reduce the surface tension,
dynamic viscosity, and special weight. When the time of experiments the surface
tension down to 45,8% in the frequency from 25 to 2000 Hz.

The effect of electrical current frequency on the physicochemical properties of
wastewater, wich allows to identify the optimal treatment regimes that promote the
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intensification of various processes taking place in an aqueous medium or in the
presence of water. Next researches will be done on wastewater treatment systems,
in order to evaluate optimizing impacts of physicochemical properties of water
because of alternating current frequency.
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TOM TAT

ANH HUONG CUA TAN SO DONG DIEN DEN TINH CHAT HOA-LY
CUA NUGC THAI

Nudce dong vai tro quan trong trong sy sinh truong va phat trién cua cac
loai sinh vt trén Tréi Pat. Bong thoi, su thay doi tinh chat héa-ly ciia nwéc
¢6 tac dong lom dén cac hoat dong cua con nguwoi. Pd ¢é nhiéu nghién ciu
va ddnh gid anh hwong cua tan sé dong dién (f = 0+2.000Hz) dén cdc ddac
tinh hoa-ly (siec cang bé mdt, dg nhét dong hoc, trong luwong riéng) cua nudc
thai. Xac dinh danh huong cua dién tir truong lén cdc dac tinh hoa-ly cua
nudc la co sé xay dung cac ché dg xi Iy toi wu, thiic ddy tang ciong cac qua
trinh phan «ng khac nhau dién ra trong méi truong nuwéc hodc khi ¢é nieoc.

Tiur khéa: Nudc thai; Héa ly; Lién két hydro; Tan sé.
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