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Abstract: The ultrasonic wave or vibration causes the
deformation of the medium such as process of forming weld
during construction of metallization contacts in semi-conductors.
From that we propose to build a special circuit using ultrasonic
sensor to discriminate mediums and materials. The spread of
wave made by multipath limits the transmission speed. Generally,
if the delay spread is the bigger so velocity is low. Thereon, we
study the influence of ions in various solutions on the pressure by
result on the directivity of ultrasonic wave. Each chemical
solution has its appropriate properties that affect ultrasonic wave
pressure according to the compression and dilatation of the
medium. The goal of the current work is determination of
ultrasonic velocity by result identification of chemical solutions.
Above that the used method permit to propose an approach that
permit to predict the ultrasonic wave velocity and the matching
impedance of a mixture of mediums referring to their chemical
composition.
Keywords: Ultrasonic Wave, Materials, Impedance, Ultra-sonic
velocity.

discriminate solutions content and make adequate
characterization. The aim is an exploiting of ultrasonic wave
transmission velocity to identify the nature of a given ions
therein a solution. To resume the goal is to adopt this method
under resonance frequency around 40KHz like calibration for
typical operational power levels used in abundance estimation
to identify the mixture of ions [20-24].Moreover, the
coefficients of composition are very significant to expect the
content and deduct the impedance, velocity and
compressibility factor.
II. EXPERIMENTAL SETUP
The adopted system of ultrasonic waves is using a simple
emitter and receiver as suitable transducer provided with an
amplification circuit to get appropriate echoed voltage to be
analyzed. The principle is given by the schematic that can be
depicted by the following figure 1.

I. INTRODUCTION
The ultrasonic waves are out hearing domain such as
electromagnetic radiations and electromagnetic fields that
both refer to the entire range of the electromagnetic spectrum,
from extremely low frequencies to radio waves [1, 2]. In
practice, the second type is widely used because radiation
sounds scary and its use may create danger in X-ray machines
and radioactive material. Examples of electromagnetic
radiation to increase frequency, are extremely low frequency
(ELF), very low frequency (VLF), radio waves, microwaves,
infrared (heat), visible light, ultraviolet, Xrays, and gamma
rays [3]. All electromagnetic radiations travel at the speed of
light. Metamaterials are characterized by its super absorption.
These materials are made of meta-molecules. The structural
design of a metamaterial presents exotic properties such as
negative refraction [4-7], invisibility cloaks [8-11],
subwavelength focusing [12, 13], or super absorption [14
-19]. Many methods are being developed to inspect the nature
of materials but the present work has appropriate technique to
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Fig. 1. Principle of emission and reception of ultrasonic
waves.
Non-destructive testing involves the use of ultrasonic echo
location to gather information on the integrity of the
mechanical structures. Since changes in the material present
impedance mismatch from which an ultrasonic wave is
reflected, ultrasonic testing can be used to identify faults,
holes and corrosion in materials in the way to inspect the
nature of the element. An acoustic emission has resolved
many field problems as it is efficient to identify the kind of
material before integrate it in industrial and smart
technologies. The ultrasonic delay is different by dependence
on each metal or mineral property. Thereon we study here the
effect of different ions in aqueous solutions.
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The simplified schematic built in autotrax software is given in
the Figure 2.

Fig. 2. Detector circuit for control of emitted and echoed
waves.
The principle of solutions and ions discrimination is based on
changing of compression and dilatation according to
temperature variation as we can illustrate by the following
synoptic schematic.

Fig. 4. Experimental system circuit.

III. RESULTS AND DISCUSSIONS

Fig. 3. Synoptic schematic of velocity measurement.
The fabricated realization is shown by the following image as
given in the Figure 3. The existence of a given ions make
different impact on the emitted and reflected wave. Indeed,
the density varies and leads into a special absorption and
variation of the echoed wave. Hence each ion has a specific
ratio due its effect on compression. Besides, to prevent any
losses we added amplification circuit to boost transmission
and reflection. We exploit these concepts to discriminate ions
by measurement of reflected voltage amplitude, attenuation
coefficient, reflectance and impedance.

Some ions are privileged among others talking about
ultrasonic wave propagation performances. Indeed, each type
is characterized by its appropriate transmission so the
directivity gain and the power radiates are varying depending
on the pressure of the ultrasonic wave.. Moreover, many
parameters are challenging such as the frequency, the
concentration and the temperature of solution. Above that, the
number of kind in aqueous medium is very significant for
ultrasonic wave transmission due impact on compression and
dilatation of medium phases. The justification of an accurate
propagation is confirmed by measurement of velocity and
minimization of delay to receive echoed wave. We give below
a simulation of ultrasonic wave where the directivity depends
on the pressure. We notice that the pressure has Pascal unity
(Pa) however the angle is on radian (Rad). The elapsed time
by ultrasonic wave as evoked is varying with concentration,
temperature and the frequency of the wave. Thereafter, we
keep the distance between ultrasonic emitter and the specimen
as border equal to 20cm. The simulation of directivity and
pressure are given in the Figure 4 and Figure 5.
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Table 1: Measurements for some mediums.
Material

Reflected
Voltage

Density

Cl-

2.7

3.2

Al3+

1.6

Zn2+

Velocity

Impedance
Attenuation

206

0.65

-6

2.7

5100

13

-3

3

7.1

3700

26.3

-4

Ag+

2.5

10.5

26

27.4

-6

Cu2+

1.5

8.9

3570

31.9

-5

Measurements of ultrasound velocity for some solutions at
20C°:
Solution
FeSO4
Distilled Water
Methanol
Ethanol

Fig. 5. Ultrasonic wave directivity with various pressures.

Velocity (m/s)
1650
1507
1200
1281

Measurements of ultrasound velocity for some solutions at
25C°:
Solution
FeSO4
Distilled Water
Methanol
Ethanol

Velocity (m/s)
1658
1513
1209
1292

Measurements of ultrasound velocity for some solutions at
30C°:
Solution
FeSO4
Distilled Water
Methanol
Ethanol

Velocity (m/s)
1661
1518
1214
1301

Measurements of ultrasound velocity for some solutions at
Fig. 6. Ultrasonic vibration pressure with angle variation.
The reflected intensity from the material is received by an
accurate circuit that contains amplification to protect the
signal from losses and direct it into Arduino board and digital
oscilloscope to be analyzed and get required parameters.
Thus, each solution has special impedance so we determine it
with velocity by ultrasonic sensor to characterize ions. In fact,
the suitable values are obtained at resonance frequency.
Another concept is that due the difference of impedance the
attenuation of amplitude is observed. For example the
attenuation coefficient of water transmission medium is
(0.0022 dB/cm.MHz). Above, the angle of emission affects
the directivity of the ultrasonic waves. Moreover, the tension
of the medium T has influence on the velocity using
longitudinal mass µ. It seems that ions have influence on the
directivity by result we make comparisons of average and
accumulated measurements such as reflected voltage,
velocity, impedance and attenuation for different ions as we
recapitulate in the following table.

35C°:
Solution
FeSO4
Distilled Water
Methanol
Ethanol

Velocity (m/s)
1670
1523
1219
1307

The following curve represents the variations of velocity for
different ions. The evolution is depending on their intrinsic
properties such as viscosity and density as we can clearly see
in Figure 7.
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Fig. 9. Impedances of various mediums.

Fig. 7. Transmission velocity of ultrasound in many
solutions.
The ions have different properties that are significant for
ultrasonic propagation. The ultrasonic sensor works under
adequate power to perform its operation. Above, the study in
this work focuses on aqueous mediums so the mechanical
properties are varying with various parameters such as
temperature, concentration, viscosity and nanostructure.
Thereon, we restrict the measurements here on specific
evolutions of velocity, impedance and attenuation. By the way
we establish the prediction of content while we study an
hybrid medium of ions. After calculation of attenuation we
obtain the reflected voltage of studied elements as depicted in
the Figure 8.

As noted previously each material has its effective
impedance. Thereon we illustrate the impedance of some
elements separately and some mixture as hybrid mediums.
Referring to this concept we look for precision by getting
convergence of impedance, velocity and attenuation into
theorist values. The attenuation is given in the Figure 10.

Fig. 10. Attenuation of power for specimens.

Fig. 8. Reflected voltage evolution by solutions
The reflected power of ultrasonic wave is a crucial
characteristic. Indeed, It describes how a material transmits
and reflects the wave’s energy like transmittance. Both
reflectance and transmittance are describing the manner in
which the energy is spreading. We confirm the performances
when the prediction is able to identify the elements and their
compositions. Otherwise that many perturbations are
encountered during experiment process however we try to
minimize the losses as possible. The impedance is changing
with the curve below.

To identify and discriminate elements the calculated
parameters are then compared to theoretical values. The result
is an error found from the difference. The suitable
measurement is the one with an error that has a tendency to
zero. The study is fruitful while we are near to the real value
that discriminates the type of ions. From these results the
integration of ultra-sonic waves in materials characterization
is very significant to determine matching parameters. The
transmittance increases with directivity. Moreover, the
echoed wave is depending on the reflectance of studied ions.
According to the literature the resonance frequency influences
on the determination of velocity, attenuation and impedance
of aqueous solutions. Moreover, when we study a multi
composition as expected and predicted by Desilets and Fraser
model. Referring to this model, we can expect the values of
impedances for each layer that depends on the effective
impedance Zf at the free resonance frequency and the
characteristic of the acoustic impedance of the front layer Za.
In parallel to mixture of solid layers we adopt the same
principle to aqueous solution of many ions, the impedance of
ions layer is based on the
impedance of the previous one.
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At the case of three layers or three kinds of ions as an
heterogeneous solution we can describe each layer’s
impedance by the expression given in reference of Desilets
and Fraser model. We conclude that fluctuations affect
negatively the precision of parameters calculation .As a result
the matching-layer impedance justifies the effectiveness of
the present method to improve Desilets and Fraser model
accuracy during prediction of layer impedance. To reduce the
difference between effective and matching layer impedance
the quality of sensor as transducer is very significant. Each
mineral has its appropriate reflectance r and impedance Z.
Thereon, by adjusting the distance and emission resonance
frequency we expect the nature of medium. Therefore, its
identity is defined. The directivity of ultrasound permits to
minimize errors during emission and reflection intensity
measurement. Consequently, we converge to real values of
impedances, velocities and reflectance’s.

IV. CONCLUSION
The ultrasonic waves provided by suitable transducer are
characterized by their suitable directivity and the pressure to
be reflected with accepted sensibility. They also permit an
accurate analysis of the echoed signal. The demonstrated
transducer optimization ensures acoustic matching layer
impedance with accepted precision. This method is fruitful to
discriminate mediums and expect the nature which it depends
on many parameters such as temperature, viscosity. The
recent technique has many advantages especially a scanning
of aqueous solutions using ultrasonic sensors for wide range.
The calibration of sensors ensures good performances. To
resolve extra setup for new technology that requires smart
materials the properties of substances should be analyzed
before implantation processes. Thereon, the ultrasonic wave
is an alternative method to detect and identify nature and
determine the physics and chemistry properties and also make
adequate integration. Geology is an unlimited treasure and
exploiting it in a good way offers a multitude of usages to
make our life much better and easier.
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